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INTKODIC’TION 

III (Canada, pasteurization in the dairy industry lias been adopted very 
jreiierally exeejit in the inanufaeture of Cheddar cheese. However, because a 
number of epidemics of typimid fever occurrinp: in recent years in different 
liarts of Canada have bc<*n traced to infected Clieddar cheese, the making of 
this kind of clic'cse from pasteurized milk lias b(‘come an issue. Outside of the 
economics involvcil in the application of pasteurization to (dieese making, the 
chief difficulty lu‘s in the belief, among some authorities, that pasteurization 
sacrifices the typical (Jieddar cheese fiav<ir. 

There were tw<> (diief objects in making tliis study. The first and foremost 
was to find out how well Clieddar type clieese made from ])asteurized milk would 
meet Canadian market requirements, as indicated by the Canadian system of 
scoring and grading cheese by officials of the ^ilarketing Service of the Dominion 
Department of Agriculture. Cntil now, no extended study of this natui’c has 
been made. The sei'ond object was the employment of pasteurization processes 
which would produce (‘ffeedive results according to the pliosphatase tests and 
thus meet publii* health reiiuirements in this regard. 

Wliile the public health measure in Canada, requiring the holding of cheese 
for 90 days before being sold to the consumer, applies both to cheese made from 
pasteurized and unpasteurized milk, the inclusion of pasteurized milk cheese 
under this regulation is not an issue at present because no factory in Canada 
is yet using pasteurized milk for Cheddar cheese. If and when this should be 
done, the authors believe it should be feasible to protect the milk and the curd 
from reeontamination by employing common medical and sanitary measures 
in the factory. 

llfSTOKICAL 

A number of tqiidemics, traced to Cheddar cheese, have been reported in 
recent years (1, 9, 5, 9). Bowman (1) reported three separate outbreaks of 
typhoid fever in Manitoba, traced to Cheddar cheese, (xauthier and Foley (5) 
reported a large outbreak in Quebec and recommended pasteurization of 
cheese milk and a minimum holding period of J months for raw milk cheese prior 
to selling such cheese to the consumer. During 1945, (> of the 24 reported 
epidemics traced to milk and milk products in the U. S. A. were due to Cheddar 
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cheese (3). Fabian (4) presents a well balanced review and discussion of 
disease outbreaks traceable to cheese. 

C'ampbell and Gibbard (2) found that, under experimental conditions, most 
of the Eberthclla fyphosa organisms were dead in cheese held at 58-b()^ F., 
after a storage period of 3 months. However, similar cheese hold at 40-42° F. 
retained viable typhoid organisms for at least 6 and in a majority of cases for 
10 or more months. 

* Price (7, 8) n^ports that pasteurization of milk for cheese making results in 
an increased yield and improves the unifoniiity and keeping quality of the 
cheese. Review of earlier literature and expcn'iiiiental work is well covered in 
one of these papers (7). Tuckey (9) reports results which are in close agree- 
ment with those of Price (7) with respect to yield and keeping (juality of the 
cheese. Irvine ei aL (6) reported no increased yields where pasteur zed milk 
was used. However, they did notice 'a significant improvement in butterfat 
retention in the pasteurized milk cheese. 

Walter and Lochry (10) found that no. 1 cheese was increased where pasteuri- 
zation was employed even though the no. 1 production was high prior to pasteuri- 
zation. Wilson ei al. (12) found that cheese made from i)asteurized milk of 
good (piality and with proper control of acid development could be ripened 
safely at a temperature high enouuh to permit the continued activity of essential 
bacteria. 

EXPERI MENTAL PKOt’KDl ’ RE 

All the experimental cheese was made during the imndhs of dune and duly 
in the De])artment of Dairy Science, The Pniversity of Manitoba. Small vats 
holding 450 lb. of milk were used. The milk when received was mixed and 
divided into two lots of approximately 400 lb. (‘ach. One lot was used without 
heat treatment, whereas the second wras either vat pasteurized, vacreated or 
pasteurized by the HTST method. The vat pasteurization procedure consisted 
of heating the milk to a temperature of 143-^145° F. and holding for 30 minutes 
at that temperature, after which it was surface cooled to 35-40° F. The vacrea- 
tion process consisted of preheating to a temperature of 145° F. for 5-10 min- 
utes in a vat pasteurizer, after w^hich the milk was run through a Vaereator at 
a temperature of 162-165° F., followed by cooling to 35-40° F. over a surface 
cooler. The HTST treatment consisted of heating the milk to 161-162° F. for 
15-16 seconds followed by cooling in the regenerative and cooling sections of a 
plate pasteurizer. 

Each series consisted of 12 split vats, the diff<*rence betweim the series being 
the type of pasteurization treatment employed. The pasteurized milk in each 
case was heated and held for periods sufficient to give a negative phosphatase 
test. Both raw^ and pasteurized lots of milk were held in a cold storage over- 
night, after which the milk was transferred to the cheese vats. Both batches 
were raised to the ripening temperature. An active starter then was added, 
ranging from 0.5 to 2 per cent for the pasteurized milk and 0.25 to 1.75 per cent 
for the unpasteurized milk. An average of 0.015 to 0.025 per cent acid was 
developed before setting in both eases. 
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TABLE 1 

temprmiim and avidity achtdidvit of cjcpt rimcntal chasr from panttunsed milk 


Operation 

Time of 
operation 


Time to 
next step 

Temp. 

Av. acidity 



(hr. 

) (nuH.i 

1 F.) 

('/< ) 

A(I(J starter 

8:. ‘id 

1 

0 

Sfi 

0.155 

Setting 

a: HO 

0 

.30 

so 

0.179 

(’uttjiig 

10:00 

0 

15 

80 

0.118 

Stenm on 

lO-.lf) 

0 

.30 

80 

• 

Steam ofl’ 

10:45 

1 

0 

102 


Lipping 

11:45 

0 

15 

102 

0.153 

Ohedtlaring 

12:00 

3 

0 

102 

0.175 

Milling 

a-.oo 

0 

15 

94 

0.511 

Salting 

3:15 

0 

30 

90 


Hooping and 






pressing 

3:45 

0 

30 

86 


Dressing 

4:15 

Overnight 




The time, temperature and aridity schedules followed in making cheese 
from pasteurized milk are set forth in table 1. Table 2 compares the amounts 
of starter used and acidities at various stages for both the raw and pasteurized 
milk cheese, Wilsoirs (11) manufacturing procedure was followed for the 
pasteuriz(‘d milk (dieese. The raw milk cheese schedule was based on acid 
development at the different stages, (’heddaring was accomplished by piling 
the curd on both sides of the vat and letting it mat. After suflScient matting. 
th(» curd was cut into suitably sized slabs and turned every 10-15 minutes. The 
slabs were piled two and three high as cheddaring advanced, depending on the 
rapiditv of the <lraiuing ])rocess. Completion of the cheddaring process was 
a.scertained by the develojimeut of acid and a smooth, meaty texture of the 
matted curd. The milling ami salting procedures were very similar to those 
used in the pasteurized milk. 

The tiunperaturc of the curd at the time it was weighed and put into four 
Stilton-size hoops was 86^' F. The hoops A\ere placed in the press for 30 minutes 
and then taken luit, the cheese properly dn*ssed. replaced and left in the press 
overnight. 

Two cheese of each lot of four were paraffined at a temi)erature of 220° F. for 
10 seconds, whereas 2 of each lot were left unparaffined. This latter feature 

TABLE 2 

Comparisons of average percentages of start* r ihsid and aciditus developed in the 
manufacture of Cheddar chee,se from raw and pastenriced milk 


Operation 

Raw milk 

Pasteurized 

milk 

% starter used 

0.89 

1.48 

Initial milk acidity (%) 

0.175 

0.155 

Setting acidity (%) 

(Hitting acidity (%) 

0.193 

0.179 

0.132 

0.118 

Dipping acidity (%) 

0.178 

0.153 

Cheddaring acidity (%) 

0.229 

0.175 

Milling acidity (%) 

0.595 

0.511 
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TABLE 3 


Dxatrxbuiwn of flavor scores for SO cheese, from 12 split vats, raw and vat pasteurised, 
cured at 45 and 58'" h\, 4S paraffined and 32 unparaffined. AgerzS mo. 


Flavor 



No. of cheese in each classification 



Raw 



Vat pasteurized 

score 

Pa raffined 

Un pa raffined 

Paraffined 

Un pa raffined 

• 

45" F. 

58° F. 

45° F. 

58° F. 

45° F. 

00 

0 

45° F. 

o 

00 

40 and over 

0 

0 

0 

0 

5 

4 

6 

5 

39 to 39.9 

5 

3 

4 

1 

7 

7 

2 

3 

38 to 38.9 

4 

6 

3 

6 

0 

1 

0 

0 

35 to 37.9 

3 

3 

1 

1 

0 

0 

0 

0 


was not included in the first four split vats. They then were placed in the 
curing room having a temperature of 58'^ V. until the first scoring period, after 
wdiich one of each of the paraffined and uiiparaffined elieese was stored at 45^ P., 
while the other pair was stored at 58® P. 

TABLE 4 

Distribution of flavor scores for 9€ cheese, from IJ split rats, raw and vacrcaled, cured 
at 45 and 58'" F., 48 paraffined and 48 unparaffined. Age-. 5 mo. 


No. of (»htH*so in oacli olassificntioii 


Flavor 



Raw 



VacreaU*d 


score 

Paraffined 

Uiiparaffined 

i’a raffined 

Uiiparaffined 


45" F. 

58° 

F. 45" F. 

58° F. 

45" F. 

58° F. 

15" F. 

58° F 

40 and over 

1 

0 

1 

' 0 

0 

4 

6 

3 

39 to 39.9 

7 

5 

(i 

o 

ti 

8 

6 

S 

38 to 38.9 

3 

4 

4 

5 

0 

0 

0 

1 

35 to 37.9 

1 

3 

1 


0 

li 

0 

0 


All of the cheese were scored at ages of approximately 10 days, 3 months and 
11 months. This was done by two, sometimes three, Dominion Dairy Produce 
Graders, without any knowdedge on their part as to the treatment of the cheese 
except that they w^re exj)(*rimental lots. 


TABLE 5 

Distribution of flavor scores for 96 cheese, from 12 split vats, raw and HTHT pasteurized, 
cured at 45 and 58'" ¥., paraffined and vnparaffined. Age- 3 mo. 


Flavor 

score 


40 and over 
39 to 39.9 
38 to 38.9 
35 to 37.9 


No. of cheoHe in eacli (‘lassificiitioii 
Raw HTST 


Paraffined Unparafliiied 


43'’ F. 38" F. 45" F. 58" F. 

0 0 0 0 

0 0 10 

7 3 4 2 

5 9 7 10 


Paraffined Unparaffined 


45° F. 58° F. 45° F. 58° F. 


112 0 
7 7 9 10 

4 4 12 

0 0 0 0 
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TABLE 6 

Diainbuiton of flavor urores for -iyj chortsf\ from 36 all rau' and all pastrnriired 

combined^ cured at 45 and 5H° F., lif paraffined and li^H nnparaffived. A(p ~3 mo. 


Xo. of cIh'oso ill oneh I’lnHsifieation 


Flavor 


All raw 


.Ml pustoiirizod 



Par.'iffim»d T^^iiparaffined Paraffined ITnparaffined 



4.5" F. 

58“ F. 

15“ F. 

58" F. 

45“ F. 

58" F. 

45“ F 

. 58" ] 

40 and over 

1 

0 

1 

0 

12 

9 

14 

8 

,'19 to 39.9 

]2 

8 

11 

6 

20 

22 

17 

21 

:i8 to 38.9 

14 

11 

U 

13 

4 

5 

1 

3 

35 to 37.9 

9 

17 

9 

13 

0 

0 

0 

0 


KESCLTS and DISCI SSIONS 


Seores at thr(‘o ajiCs wen* obtained and recorded. iSinee the data obtained 
were of nee('.ssity ({uite (‘x tensive, considerable eondensinf^ was necessary. The 
flavor score distributions for the 3-nionth old cheese, lieinj* re])r(‘sentative of all, 
have been condensed and set forth in tabh‘s 3, 4. 5 and b. 

Th(* Canadian scab* of ])oints for s(‘orinf? cli(*(*se is as follows: Flavor 45 points, 
Texiun*- 25 points, (^(jseiiess— 15 points. Color-- 10 points. Finish- 5 points. 

Flavor and total score ran«»’('s for the various jjrades are as folio'ws: 


Orade of <‘h(‘ese 

First 

Second 

Third 

Below Third Grade 


Flavor score 
rainre 

3fl - 45 

37 and under 39 
35 and under 37 
No score ffiven 


Total score 
ran«:e 

92 and over 
87 and under 92 
85 and under 87 


That the use of jiasteurized milk results in a uion* uniform and improved 
quality cheese has been ade(piatt*ly shown in tables 3, 4, 5 and 5. Table 7 com- 


TABLE 7 

Ihntnhntum of total .seo)r.s foi JH) cheese^ from 36 split vats^ raie and pastevrieed^ 
cured at 45 and 5S^ F., VJS paraffined and 112 unparaffined. .■? wo. 

No. of choose III ouch clusslfioution 


Total 


All 

rjuv 


All ]>astourizod 


score 

PurallincMi 

riiparaffiiied 

ParaffintMl 

Hnparaftined 


4.5 F. 

58" F. 

45" F. 58" F. 

45" F. 

58" F. 

45" V. 

58" F. 

92 and over 

14 

10 

13 9 

27 

2(> 

28 

27 

S7 to 92 

17 

12 

14 17 

5 

6 

0 

1 

85 to 87 

1 

10 

1 2 

0 

0 

0 

0 


pares the total seor(*s of 30 pairs of raw and pasteurized lots of cheest* revealing: 
the predominant preference for the pasteurized milk cheese. 

Differences in flavor scores between paraffined and unparaffined cheese of 
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TABLE 8 

Average flavor scores at 10 dags, $ months and 11 months, for SO cheese, from 1£ split 
vats, raw and vat pasteurised, cured at dS and F., paraffined and unparaffined 


Raw Vat ])aHt(>uriKpd 


Age 

Paraffined 

Unparaffined 

Paraffined 

Unparaffiiied 


45" F. 

58" F. 

45" F. 

58“ P. 

45" F. 

58" F. 

45" F. 

58" F. 

J 0 days 

39.2 

39.2 

39.2 

39.2 

39.6 

39.6 

39.6 

39.6 

3 ino. 

88.5 

38.1 

38.7 

38.4 

39.6 

39.4 

39.9 

39.7 

11 mo. 

37.8 

37.1 

37.7 

37.2 

39.2 

38.8 

39.0 

38.5 


the raw and pasteurized jiroups are not very sijrnificant. However, the total 
score grade distribution shows a slight preference for the unparaflSned lots. 

Tables 8 through 11 portraj'' the influence of the 3 heat treatments on the 
flavor of the cheese at 10 days, 3 months and 11 months. 

The average flavor scores reveal a very distinct trend for the better in the 
pasteurized milk cheese. The older the cheese the greater the difference in 


TABLE 9 

Average flavor scores at 10 days, 3 months and 11 months, for 96 cheese, from IB split vats, 
raw and vacreatad, cured at 4/f and 58** F., paraffined and unparaffined 


Arc 


Raw 



Vnereated 


Paraffined 

Unparaffiiied 

Paraffined 

Unparaffined 

45" F. 

58" F. 

Cl 

c 

58" F. 


58" F. 

45" F. 

58" F. 

10 days 

38.8 

38.8 

38.8 

38.8 

39.7 

39.7 

39.7 

39.7 

3 mo. 

38.9 

38.5 

38.8 

38.7 

39.7 

39.4 

39.6 

39.4 

11 mo. 

38.1 

37.8 

38,2 

. 37.8 

39.3 

39.0 

39.1 

39.0 


flavor score between raw and pasteurized, indicating better keeping quality of 
the pasteurized milk cheese. The average increases in flavor scores for the pas- 
teurized milk cheese were 0,6 points at 10 days, 1.2 points at 3 months and 1.6 
points at 11 months. 

Expressed on a percentage grade distribution basis, the re.sults indicate that 
pasteurization improved the flavor score considerably at both the 3 month and 
11 month gradings, as shown in tables 12 and 13. Based on total scores, the 

TABLE 10 

Average flavor scores at 10 days, 3 months and 11 months, for 96 cheese, from IB split 
vats, raw and high-temperature’Short-time pasteurised, cured at 45 and 58** F., 
paraffined and unparaffined 


Kaw HTST 


Age 

Paraffined 

Unparaffined 

Paraffined 

Unparaffined 

45" F. 

o 

GO 

45" F. 

58" F. 

45" F. 

58" F. 

46" F. 

68" F. 


38.2 

38.2 

38.2 

38.2 

38.6 

38.6 

38.6 

38.6 

3 mo. 

38.7 

36.6 

37.7 

37.2 

39.1 

39.0 

39.2 


11 mo. 

36.3 

35.0 

37.2 

35.5 

39.0 

38.6 

38.7 

38.9 
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TABLE 11 

Average flavor scores at JO days, 3 months and II months, for cheese, from 36 
split vats, rate and pasteurized, cured at 4/i and JA’ F., paraffined and nnparaffined 

All raw All pasteurized 

Age Paraffined ITnparaffined Paraffined Unparaffine<l 



45** F. 

a 

oc 

1 

! 

45" F. 

58" F. 

45" F. 

58" F. 

45" F. 

58" F. 

10 days 

38.7 

38.7 

38.7 

38.7 

39.3 

39.3 

39.3 

39.3 

3 mo. 

38.7 

37.7 

38.4 

38.1 

39.4 

39.3 

39.6 

39.4 ' 

11 mo. 

37.4 

36.7 

37.7 

36.8 

39.2 

38.8 

38.9 

38.8 


percentage grade distribution at 13 months of age (lable 14) also shows a marked 
prefereiK'e for the pasteurized milk cheese. 

On a percentage grade distribution basis, the first grade ratio of raw milk 
cheese to pasteurized milk cheese w’as 1 : 2 to 1:3 at 3 months of age. At 11 
months this ratio was 1 : 4 to 1 : 6, depending on whether the cheese were par- 

TABLE 12 

Percentage grade distribution at S months, based on flavor score, for 288 cheese, from 36 
split vats, raw and pasteurized, cured at 45 and 58'* F., paraffined and nnparaffined 


All raw Air pasteurized 


Flavor 

grade 

Paraffined 

Unparaffined 

Paraffined 

Unpara ffined 

45" F. 

58" F. 

45" F. 

58" F. ^ 

15" F. 58" F. 

45" F. 58" F. 

First 

44.4 

30.6 

43.7 

28.1 

97.2 94.4 

100.0 96.9 

Second 

52.8 

47.2 

46.9 

62.5 

2.8 5.6 

3.1 

Third 

2.8 22.2 

9.4 

9.4 




affined or not, also the curing temperatures. Both uniformity and better qual- 
ity can be achieved in Cheddar cheese made from pasteurized milk. 

The raw milk cheese definitely did not stand up as well at 58 as at 45° P., 
which is quite logical. However, the difference between these two temperatxires 
for the pasteurized batches was relativly small, indicating the i)ossibility of utiliz- 
ing a higher curing temperature to compensate, in part, for the delayed curing 
at 45° P. Curing temperatures of 58° P. or slightly higher are readily applicable 
to cheese made from properly" pasteurized milk in which the flora is controlled. 

TABLE 13 

Percentage grade distribution at 11 months, based On flavor score, for 2SS cheese, from 
SB split vats, raw and pasteurized, cured at 45 and OS'* F., paraffined and unparaffined 


All raw 


All paateurized 


Flavor 

grade 

Paraffined 

Unparaffinod 

Paraffined 

Unparaffined 


45" F, 

68" F. 

45" F. 

58" F. 

45" F. 

58" F. 

45" F. 

58" F. 

First 

22.2 

13.9 

21.9 

12.5 

86.1 

75.0 

81.2 

84.4 

Second 

41.7 

36.1 

43.7 

46.9 

11.1 

22.2 

15.6 

12.5 

Third 

36.1 


34.4 

40.6 

2.8 

2.8 

3.1 

3.1 
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The higher temperatures favor more rapid activity of the essential bacteria, thus 
hastening the curing process. The use of a curing temperature of 58*^ F. for 
raw milk cheese does not seem practicable because of the possibilities of off- 
flavor development. 

One of the main criticisms of the use of pasteurized milk for making Cheddar 
cheese has been, and still is, the alleged lack of typical Cheddar flavor develop- 
ment. The authors have, on frequent occasions, examined some of the experi- 
jnental cheese and found the pasteurized cheese to possess a good, clean Cheddar 
cheese flavor, more mild, mellow and uniform than that of the raw milk counter- 
parts. The use of a higher (58° F.) curing temperature for pasteurized milk 
cheese will counteract the slow curing obtained at lower temperatures, yet will 
not forfeit the clean typical Cheddar flavor. 

A preference study was made during a previous season using samples of 
cheese made from split vats of raw and pasteurized milk. These were obtained 

TABLE 14 

Percentage grade disIribuUov at 3 months, based on total score, for cheese, from 

36 split vats, raw and pasteurized, cured at id and oS^ F,, paraffined and unparaffined 


All raw All pastcurizod 


Total 

— 

— 

— 

— 

-- 

- - - 

score 

grade 

Paraffined 

Uiiparaffined 

Paraffined 

Unparaffinod 

45° F. 

58^ P. 

45° F. 58° r. 

45° F. 

58° F. 

45° F. 58° F. 

First 

4H,7 

31.2 

46.4 32.1 

84.3 

81.2 

100.0 02.8 

Second 

53.1 

.37.5 

50.0 60.7 

15.7 

18.8 

7.2 

Third 

3.2 

31.3 

3.6 7.2 





from 8 pairs of cheese 10 months old. , Samples were distributed among members 
of the University Staff, the Staff of the Dairy Branch of the Manitoba Depart- 
ment of Agriculture and that of the Winnipeg Office of the Marketing Service 
of the Dominion Department of Agriculture. Eacli recipient was asked to 
indicate his or her preference between the two samples which were labelled A 
and B. Of the 37 replies received, 20 preferred the pasteurized milk cheese, 
15 preferred the raw milk cheese and 2 indicated no preference. This study, 
though carried out on a small scale, does reveal the preference tendency. 

SUMMARY 

1. The average flavor scores, of 288 cheese, made from raw and juisteur- 
ized milk, were in favor of the pasteurized milk cheese. The average flavor 
score increase at three separate gradings was 0.6 points at 10 days scoring, 1.2 
points at 3 months scoring and 1.6 points at 11 months scoring. 

2. The quality of the cheese, based on the flavor score obtained at 3 months 
of age, showed that 28.1-44.4 per cent of the raw milk cheese and 94.4-100 per 
cent of the pasteurized cheese were first grade. The percentage range depended 
on whether the cheese were paraffined or not and also on the curing tempera- 
tures employed. At 11 months of age, the percentages were 12.5-22.2 per cent 
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and 75.Q-86.1 per eenl, respectively, for the raw and pasteurized cheese. The 
balance of the samples in each ease were of second f?rade quality or lower. 

3. Of 37 preference n'ports received, 54 per cent favor<»d pasteurized milk 
cheese, 6 per cent indi(‘ated no preference while 40 p(*r cent preferred raw milk 
cheese. 
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STANDARDIZING HAY PALATABTLITY TRIALS WITH CALVES 

H. S. WILLARD 
Vnivrrsiiy of Wyoming, Laramie 

The more palatable the hay, generally speaking, the greater is the consumption 
of it by calves. The problem of producing palatable hay is not confined to Wyo- 
ming, for this problem has no geographical boundaries. In Wyoming, however, 
tie farmer grain supply usually is limited, and he is more likely to have an 
ample supply of hay. The quality of the hay, consequently, is of great impor- 
tance in the proper development of young stock in this state, because of the 
large place this feed occupies in the calf ration. 

There is no known chemical method of testing for palatability of hay. There 
are some chemical constituents which, by their presence or absence, affect palata- 
bility, among them protein and sugar, but the amount of these present is nol 
always directly correlated w^ith how ivell cattle like the feed (1). Chemical 
methods, for example, cannot measure physical characteristics, such as brittleness 
of stems. Measurement of palatability of hay must be accomplished by feeding 
it to the class of livestock for which it is intended. The accuracy of this method 
depends upon the repeatability of results. Variability of consumption of the 
same hay. as determined by experimental method, must be controlled so that the 
various factors influencing palatability, such as type of soil, time of cutting and 
method of curing, may be studied during several growing seasons with the as- 
surance that the methods used will give comparable results from om* season to 
another. 

The author, in this paper, has confined himself to experiments in devising a 
method for determining palatability of hay fed to calves. The disclosure of certain 
factors influencing palatability, such as variety or time of cutting, is purely 
incidental to the main objective. 

A number of years ago, the author determined that hay allowance, within 
certain limits, made a considerable amount of difference in the amount of hay 
consumed by calves when other factors were constant (2). Hay consumption 
followed the hay allowance closely ; when hay allowance went up, hay consumption 
went up. 

Several factors in this experiment made it difBcult to measure the exact effect 
of hay allowance on hay consumption. For one thing, as the calves grew older, 
the grain allowance was changed so that the total ration would conform with the 
Morrison Standard for total digestible nutrients. This meant that the grain allow- 
ance was lowered as the hay allowance w^as increased, so that it was difficult to 
ferret out which factor influenced consumption the more. Then too, it was shown 
that when hay consumption was calculated per 100 lb. live weight, hay consump- 
tion per hundredweight increased as the calves grew older. Here again, a ques- 
tion arose as to whether the increase in capacity and appetite or the increase in 
hay allowance caused an increase in hay consumption. 

Received for publication July 28, 1948. 
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EAPEHIMENTAL PROrEDMtE 

111 an atteni])! to answer some oi‘ these questions, three types of hay (table 1) 
wer(» fed to calves raufrinj^ in a»>:e from 3 to 12 montlis. Altoj?ether, 34 heaci of 
Holstein females were fed iii individual box stalls so timt daily hay refusals could 
be ascertained. 

The calves were jriviui a jrrain mixture whieh consisted of three parts ground 
barley, three parts ^Touiid oats and one part \vh(*at bran. One fier cent eomnion 
salt was added to this mixture. The {rrain allowance depended to soim* extent U])on 
the calf’s weijrht and ajre. When a calf was nnderweijrht, more }?raiii was fed 
in an attempt to brinj^ the calf back to normal wtiifrht. The milk allowan(*e varied, 
in some eases beinjr l't*d only until the calf reachc<l 60 days oi‘ ajre, in otlier cases for 
jX'Hods of U|) to 150 days a»*e Both wh(»le and skim milk were included in the 
rations. The amount of milk fed was refl(‘eted in th(‘ calf w(*i»hts, the calves 


TABLE 1 

Tht <‘Ik iniciil auiUifsis of ihr fhiur lyios of hay 



II 0 

j:,k. 

Fiber 

Crude 

Fro 

y.F.F. 

Ca 

P 


('I*) 

(Vr) 

(Vc) 

r/r) 

('/<) 

('/c) 

('-f) 

.\lfalfji. si't'oiid rnttiiiR, 
jrood qunJit} 

.Alf.'dfa, si'CoikI (MiltiiiR, 

10.0 

2.0o 

21.00 

J7.20 

40.48 

1.46 

0.22 

poor quality 

Nativ<* lijiy from tin* 

Jl.H 

Ln;! 

:io.r>s 

i;l60 

35.39 

1.56 

0.18 

Lurumio Plains 

10.0 

2.14 

.'11.00 

7.10 

43.05 

0.29 

0.14 


jiettiiig: smaller amounts of milk or jrettinir it for shorter periods of time usually 
beinjr under normal weijrht at the time they were weaned. 

The feed allowed and consumed was plotted against ajje and weight of each 
individual calf in ordju- to secure the hay fed and consumed at ilefinite weijrhts 
and ajres. The feed allow<‘d and eunsumed then was interpolated at 10 lb. and 
10 day intervals. Charts were made nsin^ the mean of each jrrou]) of calves. 


RESULTS 

Weighty age. and hag quality ajjeef nsulfs. Ki^^ures 1 and 3 show the rela- 
tionship betwi'cn the live* weijrht of the calves and their hay consumption, as 
well as the influence of the amount of hay placed before the calf. Fijrures 2 
and 4 show" the relationshij) betw’een the afr(‘ of the calves and their hay con- 
sumption, plus the influence* of the amount of hay ofl'eriHl. 

An attempt w’as made in this feeilinjr exjieriim*nt, as was mentioned earlier, 
to correct the J’ation for weijiht ami ajre. There also was a correction for the 
difference in quality of hay. The less i)alatable alfalfa was of a poorer feedinjr 
quality, and accordinjrly, more was offered to t'oinpensati* for the feedinjr 
deficiency. Likewise*, some attempt was made to correct thi* somew’hat slower 
jrrow’th of the calves f?ettin*r lew jrrade alfalfa by addinjr mon* jrrain to the 
ration when the animals lay:^^ed in jrroAvth. 
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“FT 

-rrnr 

AI/rRAGE 

1 1 1 

DNiy 

Mil 

NO OF 

1 1 \ \ T’V 

DAYS REQUIRED 
TO REACH 245 LBS. 

FED 

CONSUMED REFUSED 

CALVES 

LBS. 

LBS 

LBS 

NO 

DAYS 

1. 5.20 

3.76 

1.44 

8 

133 

2. 4.18 

340 

.78 

6 

119 A 

a 3.20 

2.44 

.76 

9 

115 A 



; AMOUMT OTFERCD 
LOWER UNC SH‘>WS AMOUNT CONSUMED 
-GROUP RECEiyiNO POOR QUALITY ALFALFA 

2 aAAAAASRoUP RECEIVING GOOD QUALITY ALFALFA 

3 GROUP RECEIVING NATIVE HAY 

I 1 I [ 1 i I L-J JL- I. 

ISO MO 170 MO 190 200 210 220 290 240 ?S0 ZOO 270 200 200 300 510 320 330 340 390 340 570 380 
POUNDS- LIVE WEIGHT 

1. Consumption of hiiy as affected by amounts offered to smaller calves. 


These discrepancies are noticeable iii figures 1 and 2, and a}^aill in figures 3 
and 4. In figure 1, the calves receiving good quality alfalfa surged ah(*ad of 
the other two groups in weight for age. Figures 2 and 4 show tlial after the 
calves passed 140 days of age, they were able to utilize more hay uudm* the 



ipi 

Fig. 2. Consumption of hay as affected by amounts offered to younger calves. 
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Fio. 3. Consumption of hay as affeett'd by amounts offered to heavier calves. 


ration provided for them, because of heavier weight for their age. At the same 
time, since the calves getting poorer quality hay were somewhat slower in reach- 
ing the 300 lb. level, and thus were somewhat older, the hay allowanc'c was in- 
creased (fig. 3). 



Fig. 4. Consumption of hay as affected by amounts offered to older calves. 
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All four figures, in general, illustrate the many variable factors which affect 
any measure of palatability. These factors are extremely difficult to control 
and to standardize. For example, it is theoretically possible to get three calves 
which will gain at an approximately equal rate. But if the calves are fed three 
different kinds of hay, all of equal feeding value but of varying palatability, 
the rate of gain in each of the calves will be affected by the palatability of the 
hay eaten, since the calf will reject more of the unpalatable hay. So, although 



Fio, 6. Consumption of first and second cuttings of alfalfa, as affected by live weights 
of calves. 
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the three calves may start out on a relatively uniform basis, by the time they 
reach 6 months of age, they are no longer strictly comparable. The palatability 
results likewise are not strictly comparable. 

Figures 1, 2, 3 and 4 give only a rough approximation of the palatability of 
the three different hays. The gap between the amount offered and the amount 
consumed suggests in a small degree whether or not the hay is palatable, but 
there is no real basis for comparison of the hays at any one point on the diagram. 

Standardized amount of hay offered. Figure 5 compares the three hays 
entirely on a basis of how much hay was allowed and how much was rejected. 
The allowance for each calf was adjusted a<*cording to the animal’s weight and 
age and took into consideration the amount of milk and grain which was given 
to the animal. This simply means that if the calf’s ration required 7 lb. of hay 
in order to keep the ration up to the Morrison Standard for total digestible nu- 
trients, the animal’s other dietary needs theoretically were being satisfied, and 
its rejection or acceptance of the 7 lb. of hay would constitute about as accurate 
a measure of the hay’s palatability as it would be possible to get. 

The hay allowance here is a constant figure, while the variables of age and 
weight to some extent offset each other and are adjusted for in the ration which 
is fed to the calf. There are other variables which will be indicated in figure 
f), but in general, with this procedure, where a fixed amount of hay is fed, one 
can expect a fairly uniform hay consumption from year to year. Thus, with a 
uniform and comparable consumption of hay set against a measured hay allow- 
ance. the rejection and consumption of the hay provide a fixed standard against 
which the palatability of any hay can be measured over a period of several years. 

losing the consumption of each individual calf, the coefficient of variation of 
the consumption of these three hays at different hay allow^ances ranged from 1 
to 3 per cent. The standard deviation ranged from 0.4 to 0.8 and the standard 
error between 0.05 and 0.2. The pooled variance was 0.37. The mean number 
of observations of daily consumptions for each hay allowance was 33, 22 and 
38 for the good alfalfa, poor alfalfa and native hay, respectively. The mean 
number of calves for each of the above hays was 15, 8 and 11, respectively. The 
mean w^eight and age of the calves steadily increased with each raise in hay 
allowance, but varied 100 lb. in weight and 2 months in age within each group- 
ing. The amount of grain consumed by the calves within each grouping varied 
as much as 2 lb. per head daily. 

Other variable factors. There may be many factors other than hay allow- 
ances which should be controlled in hay palatability trials. From the avail- 
able records in this experiment, there were indications of significant individual 
variations in hay consumption. There also is a progressive increase in hay con- 
sumption per lb. of live weight as the calf grows and as it becomes older. 

To test this point more fully and also to determine the effect of live weight 
on consumption, both first and second cutting alfalfa hay were fed in equal 
quantities for 10 days to six calves of different weights. Figure 6 shows the 
result. For calves varying in weight from 400 to 600 lb., there was an upward 
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trend in consumption. The correlation between weight and consumption falls 
short of significance for such a small number of animals, but is statistically sig- 
nificant when the 500 lb. calf is eliminated. The 500 lb. calf apparently is the 
shy hay consumer in both instances. The results of the test indicate that one 
may well eliminate from palatability tests calves which are low hay consumers. 

DISCUSSION 

From the results of these experiments, certain rules can be formulated fur- 
determining relative palatability of hay for calves with the assurance of fairly 
uniform results year after year. The calves should be given a definite hay al- 
lowance according to age and weight. The data show that relative palatability 
of the three hays, when based upon consumption of the hay, depends upon the 
amount of hay offered. The relative palatability should be measured by con- 
sumption when equal amounts are fed. The error on repeated tests at different 
weights of calves was very small. By using this constant as a base (definite 
consumption of the same hay at definite allowance levels), one may not only 
compare the palatability of several types of hay grown during the same season 
but be assured of comparable results throughout many growing seasons. A 
feeding standard should be as a guide for determining the proper grain allow- 
ance. As shown by the small error in consumption in repeated tests, 1 or 2 lb. 
of grain, more or less, to make the ration conform to the Standard, makes little 
difference in hay consumption. Calves which are noticeably low hay consumers 
should be eliminated from palatability experiments. 

h'igure 5 shows clearly the difference in the relative palatability of the three 
hays and simplifies the confusion which exists in figures 1, 2, 3 and 4. The ex- 
perimental error at any point along thp consumption lines of each hay is very 
small, even though the calves varied in w-eight and age. The method of presen- 
tation used in figure 5 has the additional advantage of ai-cumulating compa- 
rable data on the same chart over a period of years. 

SUMMARY AND CONCLUSIONS 

A study of the hay consumption of 34 Holstein calves from 3 to 12 months 
of age showed that consumption followed hay allowance over a wide range of 
weight and age. When the hay allowance was increased by 1 lb. daily, the co- 
efficient of variation in consumption of three types of hay ranged from 1 to 3 
per cent, the standard deviation ranged from 0.4 to 0.8, and the standard error 
between 0.5 and 0.2. Because of this small variation, hay palatability trials 
may be standardized to give comparable results over a period of several years 
by simply comparing hay consumption with a set hay allowance even though 
there may be a variation in weight for age and in grain consumption. 

REFERENCES 

(1) Willard, H. 8., Factors Influencing the Palatability of Hay. Wyo. Agr. Expt. Sta. Bull. 

199 . 1933 . 

(2) Willard, H. 8., Hay Consumption of Holstein Calves. J. Dairy 8ci., 21 (3) ; 153-160. 

1938 . 



TOTAL MILK PRODUCTION AS AFFECTED BY TIME OF MILKING 
AFTER APPLICATION OP A CONDITIONED STIMULUS^ 

GEBALD M. WABD ani> VEAEL E. SMITH 
Department of Dairy Huebandry, Dnivereity of Wisconsin, Mathson 

It generally is believed that the most efficient practical method of milking is 
stimulation of the udder and teats, followed shortly by rapid milking, Babcock 
(1) reported in 1889 the effect of milking the quarters of the udder one at 
a time in different order. The quarters milked second produced the greatest 
amount, and the production of quarters milked first, third and fourth were in 
descending order. Experiments of a similar design which essentially sub- 
stantiated the results obtained by Babcock later were conducted by Beach (2), 
Emery (8) and Plumb (12). Bitting (3) and Miller and Petersen (10) repeated 
Babcoek’s work, but found that milk production decreased from the first to the 
fourth quarter milked. Babcock (1), Crowther (4) and Skrodel (13) demon- 
strated rediK'cd milk production when the milking act was prolonged unduly. 
Miller and Petersen (10) also obtained a reduced milk flow by stimulation of 
cows 20 minutes before milking. Dahlberg (5) stated that reduction of milking 
time from about 10 minutes to 4 or 5 minutes resulted in greater annual pro- 
duction. However, Dodd and Foot (6) obtained a slight reduction in total milk 
yield by reducing the milking time from a mean of 8 to 5 minutes. Knodt et aL 
(9) found no significant differences in total milk production of cows milked at 
intervals of 2, 4, fi, 8 and 10 minutes after preparation for periotls of 35 and 70 
days, nor in another experiment of 90 days where the cows were milked at 
2, 5, 10 and 20 minutes after preparation. 

Ely and Petersen (7) state that the expulsion of milk from the alveoli into 
the ducti^ is brought about by the action of a posterior pituitary factor (or 
factors) which is discharged as the result of conditioned stimuli which precede 
or the mechanical stimulations which accompany milking, or both. According 
to Pavlov (11), a reflex can be conditioned by the close association of a hereto- 
fore neutral stimulus to an established reflex. Where varying amounts of time 
are allowed to elapse between the conditioned stimulus and the subsequent 
unconditioned stimulus, the conditioned reflex is known as a delayed reflex. If a 
conditioned reflex is to be kept at a constant strength, the conditioned and 
unconditioned stimuli must be applied regularly or the conditioned reflex 
gradually weakens and becomes extinct. Delayed reflexes become extinct more 
readily than simultaneous reflexes. In the modern methods of milking, where 
the udder is washed and massaged shortly before the attachment of the teat cups, 
the heretofore neutral stimuli, i.e., hot water and massage, become conditioned 
stimuli. 

The object of these investigations was to ascertain the duration of effectiveness 

Eeceived for Publication July 31, 1948. 
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of a conditioned stimulation, i.e., a hot water wash and massage of the udder and 
teats, on the discharge of milk from the mammary gland. 

EXPERIMENTAL PROCEDURE 

Five cows, four Holsteins and one Brown Swiss, were selected with as much 
variation in production and stage of lactation as possible. The mean production 
of each half of the udder was determined during a 10-day preliminary period by 
milking each half of the udder simultaneously into a separate container. Each 
cow in the experiment had been conditioned to a hot water wash and massage 
several minutes before milking since the beginning of their respective lactation 
periods. During the preliminary period, the cows were prepared for milking 
by a hot water wash and massage, and the milkers were attached 2 minutes after 
this stimulation. The cows were prepared in the same manner during the 
experimental periods. However, during the experimental periods, one half of 
the udder, which served as a control, was milked at 2 and the other half at 4, 8, 
12, 16 or 20 minutes after stimulation. One half of the udder alternately served 
as contnd and experimental. The experiment w’as of Latin Square design. 
Within an experimental period, each of the five treatments w’as assigned to a 
different cow’, and in the course of the five experimental periods each cow was 
subjected to every treatment. Treatments w^ere at random. The experimental 
periods were of fi-day duration, follow^cd by a 2-day transition period. The final 
experimental period was followed by a 5-day post-experimental period. 

The basis for evaluating the effect of the treatments was the average pro- 
duction of the cows milked after 2-minute intervals immediately preceding and 
following an experimental jieriod. This measure took into consideration the 
decline in lactation, 

RESULTS 

The production of the cows during the period of experimentation and the 
design of the experiment are presented in table 1. Each half of the udder served 
as its own control. The analysis of variance of the data is presented in table 2. 
The least significant difference at the 1 per cent level was found to be 6.50 lb. of 
milk for the treatment total. (Consequently, the decrease in milk production, 

TABLE 2 

Differences in average milk produchon of experimental and control periods 

DifFeronces in average milk production as compared to average base 
production when milking followed stimulation by; 



4 min. 

8 mill. 

12 min. 

16 min. 

20 min. 


(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

296 

-O.IO 

- 0.35 

-0.50 

-0.40 

-0.70 

310 

0.35 

-1.65 

- 2.45 

-1.75 

- 3.55 

311 

-0.05 

- 0.50 

-1.00 

-0.80 

-0.30 

359 

+ 0.35 

-0.35 

-1.80 

-2.75 

-2.60 

874 

+ 0.05 

+ 0.25 

-0.95 

- 0.85 

-0.95 

Total 

+ 0.60 

-2.60 

- 6.70« 

6.55a 

8.10* 


• Significant at the 1 per cent level. 
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when the cows were milked at 12, 16 and 20 minutes after stimulation, was highly 
significant. The differences in production obtained by milking at 2, 4 and 8 
minutes after stimulation were not significant. The decrease in production 
which occurred at the 8 minute interval was not significant with the numbers 
involved. 

DISCUSSION 

The time required to milk cows a quarter at a time was not given by Babcock 
(1), Beach (2), Bitting (3), Emery (8) and Plumb (12), but Miller and Peter- 
sen (10) state that about 15 and 20 minutes elapsed before the milking of the 
third and fourth quarters, respectively. A statistical analysis of Babcock ^s 
data shows no significant difference in production for the first three quarters 
milked. Our results confirm the findings of Miller and Petersen (10). How- 
ever, our results are not in agreement with the work reported by Knodt ct al. (9). 
This discrepancy may be explained by their cows becoming unconditioned to the 
stimulation because of too long an interval between the application of the con- 
ditioned stimulation and the unconditioned reflex over periods of 35, 70 and 90 
days. The failure of Dodd and Foot (6) to obtain a definite increase in pro- 
duction by decreasing the milking time is consistent with the results of this 
experiment, because the mean time of their milking period at the start was only 
a little over 8 minutes. Furthermore, the purpose of their experiment was to 
train cows for more rapid milking, and at times the cows were not completely 
milked out. They obtained a lower fat test which perhaps was a result of in- 
complete milking. 

Four of the five cows showed a decrease in production when milking began 
8 minutes after stimulation had been applied. Although statistical analyses 
of these data show this decrease in, production to be insignificant, the decTease 
indicates that 8 minutes is near the threshold level. The results of these experi- 
ments would indicate that in general practice, milking should begin before 8 
minutes have elapsed after a cow has been stimulated to discharge her milk if 
maximum production is to be obtained. 

summary 

An experiment was conducted to determine whether there was any difference 
in production when cows were milked at 4, 8, 12, 16 and 20 minutes after a 
conditioned stimulation, as compared with 2 minutes after stimulation. 

There was a highly significant decrease in production w^hen cows were milked 
12 or more minutes after a conditioned stimulation. 

The authors express their appreciation to Dr. J. E. Torrie for tlie advice 
given in the planning of this experiment and the statistical analyses of these data. 
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EFFECT OF LACTATION AND RATION ON THE FAT AND VITAMIN A 
LEVEL OF SOW’S MILK' 

J. P. BOWLAND, B. H. GBUMMER, P. H. PHILLIPS, and G. BOHSTEDT 
From the Departments of Animal Husbandry and Biochemistry, 

University of Wisconsin, Madison 

The composition of sow’s milk has been studied less than that of milk of the 
other domestic animals. Several studies have been reported on the fat and 
vitamin A content of sow’s milk, but most of these have been quite limited in 
scope. Reports from the Wisconsin Agricultural Experiment Station as early 
as 1897 stated that the fat content of normal milk from sows averaged 7.00 
per cent. This study by Henry and Woll (9) was on only seven samples of 
milk. Later Woll (17) reported a mean fat percentage of 5.97 for five samples 
of sow’s milk. Davies (6), in reporting on the composition of milk from vari- 
ous species of mammals, gave values ranging from 4.55 to 9.54 per cent fat for 
porcine milk. 

Hughes and Hart (10) reviewed the early literature on the gross composition 
of sow’s milk. From the data of other workers, they calculated combined re- 
sults of 6.9 per cent fat. In their own work with two sow.s, they obtained a 
mean value of 5.3 per cent fat for normal milk and 5.1 per cent fat for colostrum. 

Willett and Maruyama (16) reported that the percentage of fat in sow s 
milk increased with the fat content of the ration. The average percentage of 
fat in the milk of sows on dry concentrates only was 6.1, and for sows on garbage 
only was 9.6 per cent. They also observed an increase in fat content of tlie milk 
with an advance in the stage of lactatipn. Braude et at. (4) showed conversely 
that after the rapid change from colostrum to milk, the fat content decreased 
appreciably as the lactation advanced. 

Mean values for 18 samples of sow’s colostrum of 3.4 per cent fat and 347 
I.U. of vitamin A per 100 ml. of colostrum are reported by Braude et ah (5). 
In a later paper (4), they reported the following values for colostrum: 4.05 zh 
0.43 g. of fat per 100 g. of milk, and 71.1 ih 9.1 I.U. vitamin A per g. fat; and 
for normal milk : 8.17 db 0.17 g. fat per 100 g. of milk, and 11.0 ±: 0.4 I.U. vitamin 
A per g. fat. 

The study reported by Braude et al. (4) is the only work in the literature 
where the vitamin A content of the milk is calculated on the basis of the fat 
rather than the total milk volume. However, several other workers have re- 
ported on the vitamin A content of sow’s milk. Benhara (1) found that the 
vitamin A content of sow’s colostrum ranged from 131 to 254 I.U. per 100 ml, 
on the first day. Work reported by Schofield et al. (12) showed that giving 
sows large doses of vitamin A late in pregnancy increased the concentration of 
this vitamin in the colostrum. 

Beceived for publication August 5, 1948. 

iPubUshed with the approval of the Director of the Wieconein Agricultural Experiment 
Station, Madison. 
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EXPERIMENTAL PROCEDURE 

The data presented in this paper are the results of analyses for fat and 
vitamin A levels of the milk from ten sows carried through gestation on pasture, 
and ten sows carried through gestation in dry lot. The sows on pasture were 
self-fed a grain ration supplemented with animal protein, while those in dry 
lot were self-fed a grain ration supplemented with plant protein and 5 per cent 
alfalfa meal. The sows on pasture were five Poland Chinas and five Chester 
Whites, while all those in dry lot were Poland Chinas. All sows were in their 
FAT CONTBUT 



first or second lactation period. The farrowing dates of the sows in the pasture 
group ranged between September 24 and October 11, 1947, and the sows in the 
dry-lot group farrowed between November 12 and December 26, 1947. They 
weaned an average of 7.1 and 4.8 pigs, respectively. 

The sovrs were milked on the day of parturition as soon after farrowing as 
possible, then on the third day and at the end of the first week and eac'h sub- 
sequent week thereafter until weaning the litters at 8 weeks of age. The let- 
down of milk was induced by the injection of Pitocin (Parke, Davis and Co.) 
as described by Bowdand et al. (2) and first used in cows by Ely and Peter- 
sen (7). 
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The determination of vitamin A in the 201 samples was run according to a 
slight modification of the method of Boyer et al. (3). The 195 fat determina- 
tions were made with the use of the Minnesota Babcock reagent. Eleven 
samples were run by the official Mojonnier Fat Extraction method to check 
on the accuracy of the Minnesota Babcock method. In all 11 cases, the Mojon- 
nier method gave higher readings than the Minnesota Babcock method, the 
mean difference being 0.69 per cent fat. Because of this consistent difference, 
a logical inference might be that sow’s milk contained a high phospholipid cou- 

VlTAniN A CONTtMT 
% or FAT 



Fio. 2. The vitatnin A contont of milk from pasture and dry-lot hows. 

tent, as the ether extraction would remove the phospholipids, whereas the Min- 
nesota Babcock reajjent would not. 


RESULTS 

The mean results of the fat determinations throughout lactation are shown 
in figure 1, and results of the vitamin A determinations calculated on the basis 
of fat are shown in fijrure 2. The average fat and vitamin A content in the 
colostrum and normal milk of each individual sow^ on experiment is shown in 
table 1. 

The fat content of the normal milk from the dry-lot sows was consistently 
higher than that from pasture sows. However, in the ease of first-day colostrum, 
the colostrum of the pasture sows had an average fat content of 6.73 per cent 
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and that of the dry-lot sows 6.45 per cent. Very probably this lower fat content 
of milk from sows previously on pasture was because of an increased volume of 
milk produced, as they weaned more pigs than the dry-lot group. 

No breed difference was noted in the pasture sows where both Chester White 
and Poland China breeds were on experiment. The average fat content of the 
normal milk was 6.07 per cent for Chester Whites, and 6.17 per cent for Poland 
Chinas, There was no difference in lactational trend between the two breeds. 
The milk of both breeds in the pasture group, as well as the dry-lot group, 

TABLE 1 

The mean fat and vitamin A content of the milk of individual sows 


Fat content 


Vitamin A content 


Oroup 

Breed 

Colostrum 

Ist ,3rd 

day day 

Colostrum 

Normal milk 

1 fl 

day day 

Normal milk 
Av. 

1-8 wk. 



(%) 

(%) 

(%) 

(y/9‘ of fat) (y/ff. of fat) ( y/p. of fat) 

Pasture 

C.W'. 

HA 

10.9 

.5.07 

22.71 

6.24 

12.19 


C.W. 


9.6 

5.35 

18.94 

13.86 

11.49 


C.W. 

7.1 

12,8 

6.10 

18.98 

12.60 

12.33 


C.W. 

7.2 

7.9 

6.34 

22.22 

47.20 

1,3.35 


C.W. 

9.5 

10.0 

7.49 

2L93 

8.32 

8.90 


P.(\ 

6.7 

8.8 

5.50 

10.75 

21.47 

12.63 


P.C. 

4.9 


5.73 

36.53 


10.49 


P.<\ 

1.4 

12.5 

6.09 

201.66 

18.07 

9.46 


P.C. 

S.9 


6.75 

9.82 


8.14 


1\C. 


7.5 

6.78 


15.30 

10.36 


Av, 

6.7.3 

9.99 

6.12 

40.23 

18.13 

10.93 

I)ry-lot 

P.C. 

7.1 

11.3 

6.15 

20.38 

18.09 

6.46 

P.C. 

4.7 

11.5 

6.79 

27.13 

29.08 

6.69 


P.C. 

7.4 

13.5 

6.90 

12.53 

8.93 

6.29 


P.C. 

5.0 

11.0 

6.95 

34.96 

10.75 

5.22 


P.C. 

4.1 

8.4 

7.01 

42.98 

14.07 

3.04 


P.C. 

10.9 

19.8 

7.45 

10.95 

9.91 

4.65 


P.C. 

5.0 

15.6 

7.54 

36.93 

6.28 

6.08 


P.(\ 

7.4 

1,5.7 

8.39 

15.97 

8.10 

4.57 


P.(’. 

9.4 

16.4 

8.58 

18.46 

10.00 

4.83 


P.C. 

3.5 

17.2 

8.73 

,33.77 

10.25 

7.02 


Av. 

6.45 

14.04 

7.4,5 

25.41 

12.55 

5.69 


showed a tendency to decline in fat content as lactation advanced up to weaning 
at 8 weeks of age. This observation agrees with Braude ef al. (4) but dis- 
agrees with Willett and Maruyama (|6). 

The milk fat from the pasture sows showed a considerably higher concen- 
tration of vitamin A than the milk fat from dry -lot sows. This difference was 
wider when calculated on the basis of fat than on the basis of volume of milk 
because of the inverse relation of the fat content of the milk in the two groups. 
As lactation advanced the spread between the vitamin A concentration of the 
milk from the two groups became wider as shown in figure 2. 
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The vitamin A concentration in the fat was down in the range of normal 
milk, namely 12.51 y per g. of fat for pasture sows and 8.94 y per g. of fat for 
dry-lot sows at the end of the first week of lactation. The vitamin A content 
of normal milk fat was about one fifth of that in the colostral fat in the dry-lot 
sows, and one quarter in the pasture sows. There was a rapid drop in vitamin 
A the first 3 days of lactation, from 25.41 to 12.55 y per g. fat in the dry-lot 
sows, and from 40.23 to 18.13 y per g, fat in the pasture sows. Except for one 
sow in the pasture group, the first day vitamin A did not vary appreciably be- 
tween the two groups. The drop in vitamin A concentration in the first 3 days 
did not show up when the vitamin A was reported on the basis of 100 ml. of milk 
as shown by Bowland et al. (2). However, the sudden unexplained rapid in- 
crease in fat in these first 3 days caused the concentration of vitamin A per g. 
of fat to be lowered. 

The vitamin A content of the fat in the milk of the pasture group showed 
a gradual increase in advanced lactation, whereas the dry-lot group tended to 
decline. There generally was about a three- to fourfold variation in the vitamin 
A content in the colostrum and normal milk within groups. 

DISCUSSION 

The fat content of colostral milk obtained in these studies was considerably 
higher than the values of 4.05 and 3.4 per cent reported by Braude et al. (4. 5), 
respectively. No definite change could be noted between the fat content of 
colostrum obtained before the pigs suckled and that obtained shortly after- 
ward. There are no reports in the literature of high values similar to those 
obtained in this work for fat content of colostrum on the third day of lactation. 
Braude et al. (4) showed a very rapid rise in the first few days but not to the 
same extent. 

The milk fat values of 7.45 and 6.12 per cent for dry-lot and pasture sows, 
respectively, were lower than the values obtained by Braude et al. (4) but simi- 
lar to the combined calculated values of other workers reported by Hughes and 
Hart (10). This variation would be expected, as the fat content of sow’s milk 
seemed to be influenced very easily as illustrated by Willett and Maruyama 
(16), who obtained a rise from 6.1 to 9.6 per cent fat by feeding a high-fat diet. 
Reece (11) reported that factors known to influence variation in fat content 
of cow’s milk are breed and individuality of the cow, state of lactation, season of 
the year, feed, age of animal, day to day variation, time of milking, frequency 
of milking and the first-and last-drawn milk. In this work, individuality of the 
sow, stage of lactation and feed have been shown to'have an effect on the fat con- 
tent of sow’s milk. The animals were milked as completely as possible to try to 
prevent any variation because of first- and last-drawn milk. In this case, no breed 
difference was obtained between Poland China and Chester White milk. However, 
other factors mentioned by Reece, as well as methods of analysis, might 
cause a variation between results of different workers. The decrease in fat per- 
centage of sow’s milk as lactation advanced was the opposite trend to that shown 
by cow’s milk. This may indicate that milk production remains at a high level 
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in sows for the 8 weeks lactation period. As lactation in sows is stopped sud- 
denly by weaning the litter, it is not entirely comparable with lactation in cows. 

The vitamin A level of sow’s milk fat in changing from colostrum to milk 
followed the same general trend as in other species, namely, decreasing fairly 
rapidly. In sows the level of vitamin A in colostrum was only 4 to 5 times as 
high as in normal milk. This is much different from the colostrum of cattle, 
where the vitamin A content of normal milk is one twentieth or less of the initial 
concentration of vitamin A in colostrum, as reported by Stewart and MeCallum 
(14) and Hansen et al. (8). 

As lactation advanifed, the spread between the vitamin A content of the 
milk fat in the pasture .sows and drjMot sows became wider. A depletion of the 
stored vitamin A in the dry-lot so'ws could account for the gradual decrease of 
vitamin A in their milk, whereas it tended to rise as lactation advanced in sows 
carried through gestation on pasture. There was no correlation betwe(*n the 
number of pigs weaned or the weight of the litters weaned with the fat or vitamin 
A content of the milk within groups. 

Shaw (12) has reported that injection of oxytocin in cows caused no sig- 
nificant differen(?es in production of milk and milk fat over a 9-day period. 
Smith (13) found an increase in fat content for the first milking when oxytocin 
was injected. Prom this it may be assumed that the milk obtained from sows 
injected wdth oxytocin is approximately normal, although it might be slightly 
high in fat. The sampling error involved in milking by this method is much 
smaller than by attempting to get milk by hand without oxytocin, as complete 
evacuation of the mammary gland in sows cannot be obtained without the in- 
jection of oxytocin. 

SUMMARY AND CONCLUSIONS 

1. The fat and vitamin A levels of colostrum and milk are reported for tlie 
entire lactational period for ten sows carried through growth and gestation on 
pasture, and ten sows carried through growth and gestation in dry lot. 

2. A gradual decline in fat content of the milk as lactation advanced was 
indicated in both groups. 

3. An increase in vitamin A content of the milk fat toward the end of 
lactation was evident in the pasture sows, but a reverse trend occurred in the 
dry-lot sows. The mean values for fat were •.•first-day colostrum from pasture 
sows 6.73 per cent, from dry-lot sows 6.45 per cent; normal milk from pasture 
sows 6.12 per cent, from dry-lot sows 7.45 per cent of the milk. The mean values 
for vitamin A were : first-day colostrum from pasture sows 40.23 y per g. of fat, 
from dry-lot sows 25.41 y per g. of fat; normal milk from pasture sows ]0.93y 
per g. fat, from dry-lot sows 5.69 y per g. of fat. 

4. No breed difference in fat content of the milk or vitamin A content of the 
fat was apparent between Chester White and Poland China sows. 
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THE VIABILITY OF BRUCELLA ABORTUS IN MILK AND IN CREAM 

DURING HEAT TREATMENT IN ELECTRICATJjY OPERATED 
HOME PASTEURIZERS^ 

I. FORKST IIUDDLKSON, IJETTY BALTZER, and G. M. TROdT 
J)eyartin€n,iH of Bacteriology and Public Health and Dairy 
Michigan Agricultural Experiment StatioUf East Lansing 

The presence of Brucella abortus, or the possibility of its presence in milk 
and cream coming from herds of dairy cattle which contain animals intected with 
the Brucella organism (Bang’s disease), is an additional reason for the pasteuri- 
zation of milk and cream destined for liiiman c()nsumi)tion. The ingestion of 
Brucella infective dairy products is known to be one of the cliief modes of trans- 
mitting brucellosis (undulant fever) to humans. While a large percentage of 
the milk and cream that is being distributed in the United States through com- 
mercial channels is pasteurized and, as a consequence, is free from living Brualla 
organisms, this cannot be said of a large amount of dairy products produced 
and used by farm families. In order to break one of the links in the infection 
chain of the Brucella organism where it is pre.sent in animals on a farm, it is 
essential that milk and cream consumed on such a farm be pasteurized. 

The r(*cent development of small, economical and easy-to-operate electric 
pastexirizers has brought to the farmer a means of not only treating milk and 
cream to preserve their ktieping qualities, but to render these dairy products 
free from pathogenic bacteria. 

Certain types of home electric pasteurizers have been studied by Trout and 
Bortree (2) to determint» their ease and time of operation, the destruction of 
contaminating bacteria and the effect upon the milk itself. It was shown in 
this study that three types of pa.steurizers, if operated according to the directions 
of the manufacturers, reduced the initial number of bacteria present in milk 
82 to 99 per cent, depending upon the number and type initially present. The 
flavor of tlie milk or its creaming property was not impaired appreciably by the 
treatment. 

Prom the data obtained by Trout and Bortree (2). there was no indication 
that Brucella organisms would not be killed if present in milk and cream during 
heat treatment in the electric pasteurizers. It seemed desirable, how^ever, to have 
available specific information on this point, esj)(‘cially on cream of different 
butterfat concentrations, since most of the Brucella organiKsms are concentrated 
in cream during its separation from whole milk. 

EXPERIMENTAL PROCEDURE 

Two of the types of electric pasteurizers used by Trout and Bortree (2) 
were selected for this study, as they represented extreme differences in con- 
struction and operation. One is known as the Waters Conley pail type and the 

Received for publication August 12, 1948. 
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TABLE 1 

Tifiu and Umperatuu required to kill all Br. abort in whole mdk^ using 
pailti/pc efccinc paHttumer {,W00 ml. sample) 


Heating 

time 

Recorded 

Sr. abortus 

temperature 

colony count 

{min.) 

CC.) 

{3000*8/ml.) 

0 

19 

127.0 

10 

31 

122.5 

15 

39 

128.2 

20 

46 

101.5 

25 

54 

121.2 

30 

61 

12.2 

40 

68 

o“" 

50 

68 

0 

70 

69 

0 


All Brucella killed within 10 min. in eflfoetive temperature range. 

other as the Wright in-the-bottle type. Their con.struction and method of opera- 
tion have been described by Sehaenzer and Shiozawa (1). 

In order to determine as closely as possible the efficacy of the tA^o maeliiiies 
for killing Br. abortus during the time of operation, measured amounts of com- 
mercially pasteurized milk and cream were inoculated witli a standardized 
suspension of a laboratory strain of Br. abortus, llaw milk and raw cream eouhl 
not be used in the study, as they contained too larg(» a number of contaminating 
bacteria, the presence of which made it difficult to make an accurate ]>late count 
of the inoculated Brucella organisms during the initial period of treatment. 

The volume of milk or cream used for inoculation and heat treatment was 
1 1. for the bottle type and 1.5 to 3 1. for the pail type of pasteurizer. Ap])roM- 
mately 100,000 live organisms in suspension (plate colony count) were added 
for each milliliter of liquid. To insure thorough distribution of the organisms, 
the inoculated samples were stirred with a mechanical stirrer for 15 minutes 
before heat treatment. Samples of milk or cream were collected from the con- 
tainers and diluted 1:100 in sterile diluting liquid in order to estimate the 
number of viable organisms present before heat treatment and the number 
remaining at 2, 5 or 10 minute intervals during the period of heat treatment. 


TABLE 2 

Time and temperature requind to kill all Br. abortus m 20 per rent ertam, 
using paildppe, electric pasteurizer {3500 ml. sample) 


Heating 

Recorded 

Br. abortus 

time 

temperature 

colony count 

{min.) 

CC.) 

{lOOOWml) 

0 

36 

115.0 

10 

55 

100 0 

12 

64 

40.0 

15 

70 

0 

20 

71 

0 

80 

69 

0 

40 

72 

0 

50 

69 

0 


AH Brucella killed within 6 min. in effective temperature range. 
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TABLE 3 

TUne and temperature required to kill all Br, abortus in 40 per cent creamy 
using pail-type electric pasteuriser {SOOO ml. sample) 


lleiiting 

timo 

Recorded 

temperature 

Br. abortus 
colony count 

{min.) 

‘ rc.) 

{1000*s/ml.) 

0 

36 

77.5 

10 

53 

81.5 

LS 

60 

63.0 

35 

63 

0 

20 

67 

0 

30 

67 

0 

40 

66 

0 

50 

71 

0 


All Brucella killed within 5 niiii. in effective temperature range. 


Plate counts were made on crystal violet tryptose agar using 1 ml. of the 1:100 
dilution. 

RESULTS 

The electric* timing control on both machines was set to begin oi)cratiiig when 
the te^mperaturo of the liquids readied 60-61° C. The electric heat control 
circuit on the pail type was broken automatically 40 minutes after a killing 
temperature was reached, and the one on the bottle type 30 minutes later. 

In tables 1, 2 and 3 arc recorded the results of the experiments obtained with 
the Waters Conley jiail type pasteurizer. The length of time that was required 
for this pasteurizer to kill all the Brucella organisms added to milk or cream 
after reaching 60° C. varied from 5 to 10 minutes. The maximum temperatures 
recorded toward the end of the treatment period varied from 69 to 72° C. Those 
experiments were performed three times with approximately the same results. 

The results obtained with the Wright in-the-bottle pasteurizer are set forth 
in tables 4, 5 and 6. The length of time that was requinjd for this type of 
pasteurizer to kill all added aborfus organisms after reaching an effective 
temperature (60° C.) varied from 5 to 8 minutes. The maximum temperature 
recorded toward the end of the treatment period w’as 64° C. Similar results 
w^ere obtained in two additional experiments on inoculated milk and cream. 

TABLE 4 

Time and temperature required to kill dll Br. abortus tn whole milk, using 
bottle-type electric pasteurizer {2000 ml. sample) 


Heating 

Recorded 

Br. abortus 

timo 

temperature 

colony count 

(min.) 

rc.) 

{lOOO^s/ml.) 

0 


119.5 

30 

45 

100.7 

52 

60 

35.5 

54 

59 

27.5 

56 

61 

2.8 

58 

62 

0.1 

60 

62 

0 

64 

62 

0 

84 

64 

0 

All Brucella killed within 8 min. 

in effective temperature 

range. 
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TABLE 5 

Time and Umperatare required to MU Br, ahortvs in SO per cent creamy using hottle^ 
type electric pasteurizer {1000 ml, sample) 


Heating 

time 

Recorded 

Br, abortus 

temperature 

colony count 

{min.) 

rc.) 

{1000* s/na.) 

0 

25 

122.5 

15 

34 

94.0 

20 

38 

94.0 

25 

41 

97.6 

.SO 

45 

90.0 

35 

49 

87.5 

40 

53 

77.2 

45 

66 

79.5 

50 

60 

7.7 

55 

62 

0 

60 

63 

0 

80 

64 

0 

Brucella killed within 5 min. 

in effective temperature range. 

TABLE 6 



Time and lemperature required to I'iU all Ur. dhorlns in 40 per rent cream, ut>iitg 
botiledype electric pasteurizer {1000 ml, sam%dv) 


Heating 

Recorded 

Br. abortus 

time 

temperature 

colony count 

{min.) 

i^C.) 

{1000 *s/ ml.) 

0 

25 

107.5 

15 

34 

155.0 

20 

38 

87.5 

25 

41 

111.5 

30 

45 

112.5 

35 

49 

87.5 

40 

53 

85.7 

45 

’ 56 

87.5 

50 

60 

30.6 

55 

62 

0 

60 

63 

0 

80 

64 

0 


All Brucella killed within 5 min. in effective temperature range. 

In view of the fact that lieat killing temperatures were maintained for 25-30 
minutes after live Brucella organisms could not be detected in 1 ml. amounts of 
either milk or cream, it would appear that a wide operating safety factor is 
provided by both types of pasteurizers. 

SUMMARY 

The data show that when milk or cream is inoculated with approximately 
100,000 Brucella abortus organisms per ml. and treated in two different elec- 
trically operated milk pasteurizers for home use, according to the directions 
of the manufacturers, all Brucella organisms are killed within 5 to 10 minutes 
after the thermo-regulator begins to control the pre-set operating temperatures. 
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Since most of the carotene of the vegetative tissne of plants is found in the 
leaves, it is obvious that a heterogenous material such as silage will be difficult 
to sample for analytical purposes. In present methods, there are inadequate 
provisions for overcoming this difficulty. The method which has been used in 
this laboratory is a modification of the Peterson et ah method (2). The deter- 
minations usually were made in triplicate, with samples of 20 g. or more each, 
to reduce as much as possible the effect of non-homogeneity of silage. The 
modified method involved three extractions of tlie alkali-digested silage in a 
Waring blendor, with Skellysolve B, alcohol and Skellysolve B, respectively. 
The extracts were combined and the alcohol was washed out with water. The 
Skellysolve B extract was concentrated to 30-40 ml., and the carotene was sepa- 
rated from other pigments by use of a magnt^sia adsorf)tion column (3). 

Mitchell and King (1) recently have proposed a mctJiod for determining 
(‘arotene in alfalfa and cereal grasses whi<‘h appreciably reduces sampling error. 
The method consists of drying the blanched or autoclaved plant tissue for 4 
hours at 65'-' ('., grinding the dried tissue and extracting the carotene from the 
resulting meal by the procedure of Silker ct ah (8) for dehydrated alfalfa meal. 
Since a representative sample is obtained much more easily from the dried meal 
than from the chopped plant tissue, this method yielded reproducible results. 

The method of Mitchell and King (1 ) has been compared with the modified 
procedure of Peterson ct ah (2) to determine if it could be used for analysis of 
silage. Samples of sorghum silage were thoroughly mixed and quartered. One 
quarter wfis autoclaved for 10 minutes at 10 lb. pressure and dried in a circu- 
lating air oven for 4 hour.s at 65° C. Another quarter was dried without prior 
autoclaving. TJiree 20-g. samples were taken from a third quarter for carotene 
determination by the modified method of Peterson et ah (2). Samples were 
taken also for moisture determinations. The dried samples were ground to pass 
through a 20-inesh screen. Carotene was extracted from 5-g. samples of the 
meal by soaking overnight with 120 ml. of 30 per cent acetone in Skellysolve B. 
The remainder of the determination was conducted as specified by Silker 
ct al. (3). 

Comparisons of the results obtained by the two methods are presented in 
table 1. Eeplicates generally were in closer agreement by the Mitchell and 
King (1) procedure than by the modified Peterson et ah (2) method. In some 
instances, the variation by the latter method was such tliat an average of the 
three values for a given silage had little meaning. Grinding the undried silage 
with a food chopper or cutting it finely with scissors perhaps would have reduced 
sampling error, but this leads to uncertainty due to loss of tissue fluids. 

Received for publication August 16. 1948. 

1 Contribution no. 370, Department of Chemistry. 
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As a further check on the method, carotene was determined by the modified 
method of Peterson et al. (2) on 5-j?. samples of the meal obtained from the 
autoclaved portion of silage no. 6. The values obtained were 21.8, 23.5 and 
24.3 /xg. (average 23.2 /xg.) per g. dry weight. This compares satisfactorily with 
21.7 /xg. obtained by the same method on the original silage and 23.6 /xg. ob- 
tained by the Mitchell and King (1) procedure on the meal (table 1). These 
values indicate that th^ere could have been but little carotene destruction in the 
silage during drying. 

The data of table 1 also show that autoclaving sorghum silage before drying 
for analysis did not result in appreciably higher carotene values than if the 


TABLE 1 

Comparison of the Miichell and King procedure and the modified Peterson 
et al, method for the determination of carotene w sorghum silage 


Sample 

Modified Peterson, 
Hughes, Freeman 

Uiiautocla 

Mitchell 

ved 

and King 

Autoclaved 



(ati.) 

(.iid-Zg-*) 

(ar.) 


(av.) 

J 

45.3 

46.7 

46.0 

53.7 

55.8 

54.7 

53.4 

54.4 

53.9 

2 

30.2 

33.6 

31.9 



.32.5 

32.5 

:12.5 

3 

43.5 


43.1 


45.9 



54.3 

51.1 

45.9 

44.5 

47.6 

46.8 


55.5 






4 

54.3 


42.7 


46.7 



58.8 

37.9 

42.7 

42.7 

48.5 

47.0 


60.7 






5 

58.2 


44.7 


47.7 



77.7 

76.7 

' 45.4 

45.0 

48.6 

48.2 


94.1 






6 

19.9 


19.9 


23.3 



22.2 

21.7 

20.1 

20.0 

24.0 

23.6 


23.0 






7 

15.6 


14.3 


14.0 



17.5 

17.5 

14.7 

14.5 

14.8 

14.4 


39.4 

•Dry weight basis. 

silage was dried without prior autoclaving. Sorghum silage differs in this 
respect from fresh alfalfa, for the latter must be blanched or autoclaved to pre- 
vent enzymic destruction of carotene during drying. Ijack of carotene de- 
struction during the drying of silage may be due either to absence of the enzyme 
in the original plant material, or to enzyme inactivation by the ensiling process. 
If the method is to be used with other types of silage, the material should be 
autoclaved before drying, unless it first is shown that such treatment does not 
result in higher carotene values. 

Since it usually is necessary to make proximate analyses as well as carotene 
determinations on the silage, a further advantage of the procedure is that both 
can be made on the same dried sample. Such dried samples, if held at low 
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temperatures, need not be analyzed for carotene immediately. Hence, the 
method is adaptable to routine lal)oratory procedures. 

SUMMARY 

The Mitchell and King (1) procedure for determining carotene in fresh 
plant tissue is suitable for the determination of carotene in silage. Sampling 
error with this method is much less than with a modification of the Peterson 
et ai (2) method. Autotdaving sorghum silage before drying did not appear 
be be necessary in the analysis by this method. 
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INFECTIOUS DISEASE AS A CAUSE OF INFERTILITY: A REVIEW" 

DAVID E. BABTLETT2 

Zoological Dtvmon, Bureau of Animal Industry, 

Agricultural Research Center, Agricultural Besearoh Administration, 

U, S, Department of Agriculture, Beltsville, Md. 

INTRODUCTION 

Diseases impairing reproduction strike at the fundamental operation of cattle 
husbandry. Heifers late in producing or never producing calves and cows pro- 
ducing calves at longer intervals than normal or never again producing calves, 
obviously fail to yield their entire potential profit. Fewer calves and lactations, 
prolonged lactations and drj'^ periods, with maintenance costs constant or only 
moderately decreased, all contribute to the accumulated loss. Infectious diseases 
are productive of financial loss to the owner of affected cattle by interfering 
with coitus, by preventing conception temporarily or permanently, by interrupt- 
ing pregnancy during any stage from fertilization to parturition, or by causing 
stillborn, moribund or feeble calves. 

The ability to reproduce may be temporarily impaired during the course of 
any systemic condition associated with general debility or increase in body tem- 
perature; in bulls, spermatogenesis may be affected and quantity and quality 
of semen markedly altered, non-pregnant females may become anestrous, and 
pregnant females may abort. Diseases that are primarily systemic, however, 
are not within the scope of this paper. Discussion herein will be confined to 
those infectious diseases detrimental to reproduction that involve invasion by 
pathogenic organisms of some portion of the genitalia of either or both sexes. 
These diseases, in so far as their relationship to the genital system and its repro- 
ductive functions are concerned, are either (a) unspecialized or (b) specialized. 
The former are sporadic infections, either non-contagious or only slightly con- 
tagious, caused by organisms capable of causing disease of any part of animal 
bodies. The latter are contagious infections caused by organisms characterized 
by their specificity for particular species of animals and their decided predilec- 
tion for, and more or less definite pattern of involvement of, the genital system. 

Obviously, most genital infections do not result in absolute sterility. Some 
infections are of short duration and may leave no permanent effects. Other 
transient infections may leave lesions whicli impair or preclude reproduction. 
In bulls, malfunction of the testicles or acee.ssory sex glands or occlusion of the 
tubular system may result. In females, extensive adhesions around the ovaries, 
occlusions of the oviducts, destruction of the functional lining of the uterus, and 
enlargement and distortion of the cervix all may occur. Some local infections 
may persist in the chronic stage and result directly in life-long, capricious fer- 

1 Based upon a paper presented in the symposium on Reproductive Problems of Dairy Cattle 
at the 43 rd Annual Meeting. 

2 Now at School of Veterinary Medicine, University of Minnesota, University Farm, St. 
Paul 1, Minnesota. 
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tility. Still other infections, after a phase of activity characterized by inability 
to produce viable young for several years, become latent as a result of resistance 
acquired by the affected individual; thereafter, the ability to reproduce in an 
essentially normal fashion may be regained despite the existing infection. Some 
infections do not interfere with conception but prevent nidation, cause embryonal 
death, or interrupt pregnancies when well established. In such latter instances, 
the structures critically affected are those of the conceptiis — the foetal placenta 
and the developing calf. Other infections, as a result of associated pain, may 
be responsible for diminished libido and consequent refusal of opportunity for 
coitus by bulls or resistance to coitus by females in estrum. 

UNSPECIALIZED INFECTIONS OP THE REPRODUCTIVE SYSTEM 

The unspecialized infections capable of causing reproductive failures usually 
require some predisposing condition in order to become established. They 
usually are local infections and frequently are of a type associated with production 
of pus. The organisms responsible occasionally may be transferred at coitus, but 
these are neither venereal diseases nor diseases that occur epizootically. 

In females, lacerations such as those that sometimes occur at parturition or the 
conditions incident to decomposition of retained placentas may afford the oppor- 
tunity for establishment of non-specific infections. In bulls, infections sometimes 
may ascend the urogenital tract. Also, in either sex, organisjiis may be brought to 
an area by the bloodstream and become localized. Vulvo- vaginitis cervicitis, 
nndritis, salpingitis and ovarian bursitis in females and balanoposthitis, urethritis, 
seminal vesiculitis, inflammation of the other contributing genital glands, deferen- 
titis and epididymo-orchitis in bulls may occur singly or in combination and in 
varying severity in the respective sexes. Strei)toeocci, staphylococci, coryne- 
bactcria and Pseudomonas pyocyaneous are among the organisms which have been 
incriminated. Inf eel ion of tlie conceptus with termination of pregnancy, rarely 
in pyometra or more commonly in frank abortion, particularly in the later stages 
of gestation, may (»ccur. Many unspecialized organisms, including streptococci, 
staphylococci, corynebacteria, diplococci, micrococci, molds and intestinal organ- 
isms. liave been cultured from aborted fetuses (28). 

The organisms concerned in these unspecialized diseases are ubicpiitous in the 
environment of cattle and cannot be eradicated from a herd. Fortunately, these 
diseases are not among the most serious problems. They will continue to occur 
occasionally in herds despite the best management practices. Their treatment is 
largely symptomatic. That these diseases are diagnosed properly is very im- 
portant in order that rational remedial measures may be employed and that ap- 
plications of wrong therapeutic measures do not add further to the loss. Also, it 
is important that tliese diseases do not confuse the picture when infections that are 
specialized for the genital system are being dealt with. 

specialized infections op the reproductive system 

Vesicular venereal disease {coital exanthema, genital pox) {11, 23 ) . This is a 
highly transmissible, primarily venereal disease of cattle that occurs very rarely 
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in the United States, although it is reported rather commonly in Europe. Its 
etiological agent is believed to be a virus. This infection is characterized by its 
short incubation period of only 3 to 6 days and its lesions affecting the genital 
membranes. These begin as small papules and develop into lymph-containing 
vesicles that rupture and form ulcers which heal in about 2 weeks if uncomplicated. 
Affected individuals evidence considerable local pain; females may bawl and 
urinate frequently with much switching of their tails ; bulls refuse coitus. Owing 
to its short course and prompt resolution, the effects upon fertility are not out- 
standing. However, individuals, particularly bulls, may be left with extensive 
adhesions requiring surgical intervention to restore coital function. The effects 
of this infection upon the uterus, germ cells and conceptus are unknown. 

Treatment ordinarily is unnecessary, recovery being rapid and spontaneous. 
Individuals in which the inflammation is particularly acute may be benefited by 
irrigation with mild antiseptic solutions. 

Although this disease is uncommon in its oceurnmee and not a cause of pro- 
longed reproductive failure, it is important and merits restudy because of its 
potentialities. Vesicular venereal disease may become common in the United 
States at any time. Since it has been suggested that the virus of this disease is 
resistant outside the body, its relationship to artificial insemination should be 
thoroughly explored experimentally. Although this disease does not seem to have 
serious consequences, inadvertent transmission by artificial insemination would 
cause justifiable concern among cattle owners. 

Bovine venereal trichomoniasis. Losses directly attributable to bovine venereal 
trichomoniasis, currently being experienced by (*attle raisers of the United States, 
cannot be determined precisely, because the distribution and incidence of infected 
herds are unknown. Although this disease has been recognized in almost every 
State, only in Wisconsin have efforts been made to del ermine its occurrence and 
relative importance, Morgan, of the University of Wisconsin (19), reports that in 
the 6 years, from 1941 to 1946, 61 infected herds were found by the University’s 
diagnostic service. 

In the area within approximately 100 miles of the Agricultural Research 
Center, Beltsville, Maryland, the records of nine trichomonad-infected herds, hav- 
ing a total of more than 800 cattle, have been studied by members of the Zoological 
Division since 1934. Of these herds, four were purebred Aberdeen Angus; two 
were Guernsey, one purebred and one grade ; and three were Holstein-Friesian, 
one purebred and two grade. These herds are in no w^ay a significant indication 
of the occurrence of bovine venereal trichomoniasis in the Beltsville area, as no 
special effort has been made to locate infected herds. Their owners solicited the 
professional aid of either the University of Maryland Livestock Sanitary Service 
or the U. S. Bureau of Animal Industry. Nevertheless, the financial reverses ex- 
perienced in these nine herds are believed to be highly significant. Two hundred 
thousand dollars is a conservative estimate of the loss of potential production of 
milk and calves and the loss of value of infected sires up to the time bovine 
venereal trichomoniasis was recognized as responsible for the reproductive failures 
in these infected herds (5). 
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This disease is caused by a protozoon, Trichomonas foetus, and is transmitted 
naturally only at coitus. However, mechanical transfer does occur readily be- 
tween females through careless use of instruments or to females through artificial 
insemination with semen from infected bulls. 

The direct deleterious effects of trichomoniasis arc manifested almost entirely 
in the female, the uterus being the definitive site of infection. Infected females 
develop active immunity and ordinarily recover .sijontaneously. In bulls, 2\ 
foeins ordinarily lives on the surface of the preputial membranes and glans penis, 
produces no significant symptoms and ordinarily influences neither functional 
fertility nor potency. Bulls remain infected permanently, transferring tricho- 
monads at practically every coitus. 

In affected females, the most consistent effect is early termination of pregnancy, 
the relative time at whicdi the developing conceptus is destroyed determining the 
symptoms displayed in individual cases. Most females, particularly those ex- 
periencing initial infections, return to estrum within 3 to 5 weeks post coiium. 
Trichomonad infection continues for several months during which time the females 
are infertile. Some females may abort recognizable fetuses during their first few 
months of pregnancy, in others the fetus may be liquified and pus may be ac- 
cumulated in the uterus. This latter condition may persist for a year, super- 
ficially simulating pregnancy. On recovery from infection, most females are 
resistant to r(*infection for a few years and may reproduce normally from coitus 
with infected bulls j eventually, however, the immunity is lost and reinfection 
occurs if coitus with trichomonad-infected bulls is permitted. 

Diagnosis is based on actual demonstration of T. foetus in material collected 
from the genitalia of females or bulls. 

The (‘omplete eradication of this disease from affected herds is the only 
effective means of handling this condition; ultimately, it is the most economical. 
Eradication involves the following steps: (a) Recognizing trichomonad-infected 
bulls and promptly withdrawing them from service (subsequent to successful 
treatment the previously infected valuable bulls may be restored to service) and 
(b) maintaining a constructive breeding program for all females in the herd, 
regardless of their status, systematically breeding each potentially infected female 
when she becomes free of infection and preventing her re-exposnre incident to 
subsequent coitus. 

Treatment of trichomonad-infected bulls is still on an experimental basis, but 
two methods subjected to limited but carefully controlled experimental trials 
conducted at tlie Zoological Division at Beltsville have shown considerable promise. 
These are (a) intravenous administration of large doses of sodium iodide (10 of 
19 infections in 17 bulls were cured through experimental administration of 31 
courses of iodides), and (b) topical application of a German-developed proprie- 
tary compound*^ (ten infected bulls were treated and nine were cured by a single 
treatment; one remained infected despite two treatments). Details of progress 
to date with experimental treatments for trichomonad-infected bulls have been 
reported elsewhere (2, 3). 

. 3 «*Bovoflavin-Salbe** — Farbwerkt* Hoeclist, Frankfort (m)-Hoec!i8l. 
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Although results are encouraging, it is apparent that research has not yet 
progressed to a point where treatment of trichomonad-infected bulls can be 
recommended for general field use. Also, treatment of bulls is an exacting, lengthy, 
costly procedure requiring frequent handling and observation of the subject over a 
period of 6 months by a veterinarian familiar vrith trichomoniasis. Under prac- 
tical field conditions, infected bulls not of exceptional value (at least three times 
their salvage value) as sires should be promptly slaughtered. 

A procedure that has been found effective, experimentally, in systematically 
ridding seven of eight infected herds of bovine venereal trichomoniasis and the 
premise on which it is based have been fully described elsewhere by Bartlett and 
Dikmans (6). Application of this program necessitates extraordinary coopera- 
tion and understanding between the management of the infected herd and the 
attending veterinarian, for it is a laborious, long-term, expensive undertaking 
that requires much patience, many examinations, much careful bookkeeping and 
constant, alert herd management. 

Herd owners introducing animals for breeding may afford their herds con- 
siderable protection by observing a few principles and precautions, namely : (a) 
Knowledge that the reproduction efficienc}’' in the herd of origin is satisfactory is 
an excellent safeguard against selecting trichomonad-infected cattle, (b) 
Thorough examination of new suspect bulls by the diagnostic methods now availa- 
ble and examination of the first several females with which they arc ]>criuitted 
coitus is indicated (4, 7, 8). (c) By prohibiting coitus of new, non-virgin, non- 

pregnant heifers and of new, non-pregnant cows that have had coitus since their 
latest parturition, introduction of trichomoniasis by females is precluded. The 
breeding of such females should be accomplished by artificial insemination only. 
New cows that have not had coitus since their latest normal parturition should be 
withheld from coitus until they have passed at least 2 estrums and rested at least 
90 days postpartum. 

Trichomoniasis may be disseminated readily to susceptible breeding females 
by artificial insemination, should semen from infected bulls be employed. The 
danger of unintentionally contributing to the spread of this disease merits constant 
serious consideration by responsible artificial insemination organizations. It is 
of extreme importance that the status of all bulls serving in such units be carefully 
determined by a competent diagnostician. It behooves herd owners to ascertain 
that the semen they are buying is from trichomonad-free bulls. 

The outstanding need today for more effective control of bovine venereal 
trichomoniasis is a rapid, accurate, “one sample’' means of determining the 
status of females and bulls, particularly the latter. 

Bovine Vibrio fetus infection. — Vibrio fetus generally is recognized as a cause 
of occasional abortions in herds throughout the United States. Pregnancies 
may be terminated at almost any stage, but most frequently during the fourth 
to sixth month (second trimester) or seventh month. The manner of trans- 
mission is unknown. Precise knowledge of its incidence and epizootiology does 
not exist. 
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In the United States, abortion associated with vibrios was first described by 
Theobald Smith in 1918 (24). Later he reported that 26, or 23.8 per cent of 
a series of 109 aborts, originating from a large dairy herd in New Jersey, re- 
vealed y, fetus on bacteriological studies. Smith described the diseased state 
of the placentas of atfectcd females. Subsequently, no significant contributions 
relative to cattle appeared until Plastridgc (20, 21) of Connecticut became in- 
terested in this condition. Recently, he reported studying 10 V. fetus infected 
herds in which the annual abortion rates attributed to V. fetus were 4 to 20 
per cent and averaged 12 per cent. Also, Plastridgc observed a lowered con- 
ception rate in five of these herds, lie has devised an experimental agglutina- 
tion test for diagnosis. 

Since the manner of transmission is unknown and the usual method of diag- 
nosis difficult, rational means of coping with this disease in those herds in 
which it constitutes a problem are not available. Of course, genciral procedures 
in animal hygiene are indicated. All females in which abortion can be antici- 
pated— -and, ideally, all females at normal parturition — should be isolated and 
quarantined at least until genital discharges terminate. 

It is evident that bovine V. fetus infection ordinarily is not resjionsiblc for 
the ‘‘storms’" of abortion sometimes associated with bovine brucellosis. IIow- 
ev(*r, in tlic light of the present decline of bovine brucellosis, V. ft his as a 
cause of impaired reproduction today merits thorough experimental explora- 
tion. 

Bofum bnicdlosis. Among the infe(‘tious disease's causing infertility, bovine 
brucellosis is still responsible for the greatest financial losses. Mingle (18), has 
estimated conservatively that in 1947 the beef and dairy cattle industries of the 
United States absorbed total losses of $91,000,000 attributable to this disease. 
Bovine brucellosis and the problems incident to its control and eradication are 
well known; discussion in this brief paper would not be justified. Rational 
means of combating this disease are at hand. Their diligent application is 
indicated. 


CONDITIONS OF QUESTIONABLE SPECIFICITY AND SPECIALIZATION 

Nodular venereal disease [ (jranular vaginitis, nodular vaginUis). To present 
an unprejudiced discussion of nodular venereal disease is exceedingly difficult. 
Pertinent to this subject one finds a paucity of established facts scattered among 
widely controversial opinions. This condition first received notice toward the 
close of the 19th century and was the subject of research by several workers. 
Since that time, much has been written regarding its importance and treat- 
ment, but no reports of comprehensive creditable research on its etiology and 
precise effects have been published. As far back as 1921, Williams (27) de- 
plored the fact that this condition had not received serious study by patholo- 
gists and bacteriologists and pointed out that, *‘lt may be said to be a lesion 
without a known cause and regarding the effect of which there is scant knowl- 
edge.’’ That controversy still exists is evinced by recent literature where state- 
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inents were found that this disease is an outstanding cause of infertility (10, 13, 
16), that although very common, only occasionally does this disease develop to 
the extent that it causes serious breeding troubles (9), and to the effect that 
this condition is of importance only to nostrum vendors in marketing their 
wares (23). 

Some animals exhibiting the lesions ascribed to this condition can be found 
in most herds of cattle. In many females the lesions arc confined to the vulva 
and may occur only about the clitoris, there being no involvement of the vagina. 
In other females the vulva and vagina may exhibit moderate to severe iiiflamma- 
tion with rather general distribution of nodules. Lesions may be found in im- 
mature virgin heifers. It is not unusual to find severe lesions in females in all 
stages of pregnancy, whether their prior breeding rec'ords were normal or ab- 
normal. On the preputial membrane and glans penis of bulls, nodules similar 
to those of females and inflammation may be found. Bacteriological studies 
have not revealed a specifie organism consistently present in affec'ted individuals. 
Neither has it been clearly demonstrated experimentally that this condition can 
be regularly reproduced artificially with consequent infertility nor has the con- 
trary been demonstrated. It is possible that this condition is not primarily 
infectious. 

Markedly affected individuals may be benefited by occasional douches with 
mild antiseptic solutions or, perhaps better, by occasional insufflation with ab- 
sorbent antiseptic powders; Too vigorous or frequently rcp(*ated treatments 
are harmful. Application of treatments to an entire herd ordinarily is not 
justified. 

There are admittedly many blanks in our present understanding of this con- 
dition. Nodular venereal disease should be the subject of a serious comprehen- 
sive research program designed to determine its (*ause. effect upon the repro- 
ductive capacities of the bovine and remedy. 

MISCELLANEOUS INFECTIONS OF UNDETERMINED SPE(;iALIZATJON AND UNKNOWN 

IMPORTANCE 

Several species of molds have been reported recovered from aborted fetuses 
by a number of workers (15). Eecently, from England, Rollinson and Haq 
(22) reported they found the same mold harbored in the prepuce of a bull that 
they found post ahortum in the cervical mucus of a cow whose pregnancy had 
been initiated earlier by their coitus. 

From England, pleuropneumonia-like organisms recently have been reported 
by Edward et al (11) to have been isolated from the genital tracts of cows 
and bulls in herds without other aseribable cause for infertility. Affected 
females sometimes had cervicitis and adhesions of ovarian bursae. 

Prom Holland a disease termed “enzootic sterility “ has been described by 
Sjollema (23) and Ter Borg (25) and probably is the same as that described 
earlier by Webster (26) from New Zealand. This condition is described as a 
venereally-transmitted streptococcic affection of the uterus, cervix and vagina 
associated with return to estrum and early abortions. 
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In England several writers (1, 12, 17) have described a condition of breeding 
females known as “whites” associiated with sterility and characterized by genital 
discharge post coilum and postpartum. Some claim this condition is caused 
by Corynebactcrium pyogenes and is spread by coitus. 

These latter fragmentary reports ^varrant further investigation. If the ob- 
servations of the writers are confirmed, thorough experimental exploration is 
indicated. 

GENERAL DISCUSSION AND EE(’OMMENDATIONS 

For some infectious diseases, relatively efr(*ctiv(‘ prophylactic and com- 
bative procedures have been developed; dairymen and veterinarians need only 
to take cognizance of the established precepts. However, our present inability 
to cope rationally with certain other conditions and the meagerness of the knowl- 
edge of their total effects and causes must be recognized. Well directed, well 
supported scientific research is the only source from which the necessary facts 
can be obtained. Such research merits the encouragement, interest and support 
of the cattle industry and veterinary profession alike. It is obvious that the 
causes of lowered reproductive efliciency are exceedingly numerous and the 
problems of acthieving optimum reproductive etflciciK-y exceedingly complex and 
broad in tbeir ramifications. No panaceas must be expected. Precise diagnoses 
whenever possible, rational corrective actions when indicated and trained, in- 
tellectually honest advisors mark the sound course. There should be no placjc 
for the triflcrs, “five-day specialists,” self-confident, self-styled, handyman ex- 
perts and quack remedy peddlers parasitizing and exploiting the field today. 

For the cattleman, consistent observance of sound management and animal 
hygiene practices is imperative. Hefore introduction of breeding animals from 
outside herds, it is well to investigate their individual breeding records and 
also the general reproductive performance of their herds of origin. The keep- 
ing of precise, permanent records, together with a system of regular, physical 
examinations for pregnancy, will reveal any general occurrence of reproductive 
failures at the onset and by permitting early treatment or disposal of affected 
animals, will keep to a minimum the economic reverses resulting from infertility. 
Accurate, individual records are extremely valuable to the veterinarian in diag- 
nosis and in planning treatment. Isolation of females when impending abor- 
tions are apparent and isolation of females after abortion and at calving tim6, 
at least until discharges cease, are indicated practices. 
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HORMONES AND THE TREATMENT OF STERILITY IN DAIRY 
CATTLE: A REVIEW* 

S. A. A8DELL 

Laboratory of Animal Nutrition, Cornell Vniversiiy, Ithaca, N, Y. 

During the past few years considerable attention has been paid to the use of 
hormones as means of correcting infertility in live stock. In many animals in 
which disease is not very evident, derangements of the normal estrous cycle occur 
which should be amenable to this type of treatment. These include cases in 
which the cycle does not occur at all, possibly because the anterior pituitary 
gland is not functioning correctly or because the corpus luteum persists, pre- 
venting the regular cycle of events. Another type of hormonal disorder is found 
in the nymphomaniac in which the Graafian follicle fails to rupture and becomes 
cystic, thus causing the cycle to be interrupted. It also has been suggested that 
many cows with fairly regular cycles fail to conceive or to carry their calves to 
term because the corpus luteum or the uterus is not performing its function effi- 
ciently. Further, it has been suggested that resistance to diseases of the genital 
tract may be increased in some instances by reinforcing the normal hormonal 
mechanism. In this review, a list of the hormones available, their major func- 
tions and their best sources is given. This is followed by a statement of the 
point of view adopted by the writer and by an analysis of reports of the at- 
tempted use of these hormones in experimental work and in the field. This last 
part of the review deals with the.se problems as they are seen to occur in the 
field, i.e, the clinical condition is the basis of classification of the literature. . As 
this part of the review is developed, certain gaps in our knowledge are pointed 
out as suggestions of the lines along which further data should be sought if 
progress is to be made. At tile outset, it may be stated that the greatest need 
at present is for good assay methods so that hormone levels may be determined 
on individual cows. This is an important requisite if rational hormonic treat- 
ment is to become possible. Too much of the work, so far, has been along em- 
pirical lines, due not to shortcomings in the investigators but to their lack of 
effective tools. 

HORMONES AVAILABLE 
I. Anterior pituitary gonadotrophes 

a. Follicle stimulating hormone, causes growth of the Graafian follicle (after 
an antrum has been established) and spermatogenesis. Best source, horse 
pituitary; very little in cattle pituitaries, and not much in sheep or hog 
pituitaries. 

b. Luteinizing hormone, causes ovulation of a ripe Graafian follicle and for- 
mation of the corpus luteum, and also causes the cells of Leydig to secrete 
testosterone in the male. Best source, sheep and hog pituitaries. 

* Based upon a paper presented in the symposium on Reproductive Problems of Dairy 
Cattle at the 48rd Annual Meeting. 
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c. Prolactin, causes the corpus luteum to secrete progesterone. No known 

function in the male. 

These hormones are proteins and are not likely to be synthesized for a long 
time, so the only source is from pituitary glands. Extracts of the glands con- 
tain a mixture of these hormones. Prolactin is separated from the others fairly 
readily and can be purified with relative ease. The other two are not separated 
readily and pure preparations, though they have been made, are not available. 
The writer's experience has been that pure luteinizing hormone can be prepared 
but not in sufficient quantity for use. Follicle-stimulating hormone is so sol- 
uble that it is not readily obtained pure. McShan and Meyer (34) destroy the 
luteinizing hormone of extracts by tryptic digestion which leaves the follicle 
stimulator more or less unattacked. 

II. Other gonadotrophins 

a. Chorionic gonadotrophin from the urine of pregnant women. Entirely 
luteinizing in its action. 

b. Human ovariectomy or menopause urine. Entirely follicle stimulating 
in its action. 

e. Equine gonadotrophin from the blood serum of mares between 45 and 
150 days of pregnancy. Entirely follicle stimulating in its action. 

One of the main difficulties in the use of gonadotrophic hormones in animals 
with their pituitaries intact (a method of procedure w^hich is obligatory in ther- 
apy) is that all these hormones are acting in the presence of the animal's own 
pituitary hormones which tend to modify the activity of the injected material. 
Also, by their action on the ovary or testis, the balance is altered for better or 
worse. 

III. Sex steroids. 

a. Estrogens. These hormones, secreted by the theca interna cells of the 
Graafian follicle and by the placenta, cause the psychic symptoms of heat, in- 
crease the blood supply to the endometrium, activate the myometrium and reduce 
the alkalinity of the vaginal secretion, thus promoting the liquifaction of the 
uterine seal. Estradiol is the most potent, then estrone and estriol. They are 
slightly soluble in water and much more so in oil, and u.sually are injected in 
the latter medium. This causes slow absorption and, in practice, as they are 
given as esters (e.g., estradiol monobenzoate) absorption is very slow, indeed. 
These hormones also cause the pituitary to change from follicle stimulating to 
luteinizing hormone secretion. 

b. Progesterone, secreted by the corpus luteum, causes glandular growth of 
the endometrium and, in general, inhibits the activity of estrogens. It also is 
essential for the implantation of the embryo and probably is essential in the 
cow for the maintenance of pregnancy for the greater part of the period of 
gestation. 

c. Androgens. These are secreted by the cells of Leydig of the testis. 
They are responsible for sexual desire and for the maintenance of the accessory 
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sex org:ans in the male. Testosterone is the most powerful, followed by andro- 
sterone. 

All these natural steriods are obtained from animal sources, estrogens from 
pregnancy urine, androgens from the urine of males and progesterone from 
corpora lutea. They also are synthesized, especially in the case of progesterone, 
beginning with certain sterols of vegetable origin. The use of natural estrogens 
rapidly is being replaced by the synthetic estrogens of group IV, below. 

IV. Synthetic estrogens. 

These do not occur in nature and arc relatively simple in structure. They 
also have the advantage that they may be fed, not being destroyed in the gut as 
are the natural estrogens to a large extent. They have the biological properties 
of the natural estrogens. 

a. Diethylstilbestrol (stilbestrol). 

b. Hexestrol. 

c. Octofollin. 

d. Dienestrol, now being tried extensively, as it is more water soluble than 
the preceding and consequently is absorbed more easily, with a correspondingly 
more rapid and shorter action. 

Our experience with diethyl stilbestrol has been that it is so slowly ab- 
sorbed and excreted that it has a prolonged action, which may be detrimental 
to the return of normal sexual function. All the estrogens, both natural and 
synthetic, if given over a sufficiently long period cause nymphomania, with the 
usual symptoms, sinking round the tail head and liability to bone fracture, 
found in chronic cases. If given in pregnancy in sufficiently large doses, they 
cause abortion. 

V. Other hormones 

a. Oxytocin. This hormone, secreted by the posterior pituitary gland, causes 
the myometrium to contract. It is used either as such, or in the crude prepa- 
ration, pituitrin, to hasten birth or to expel the retained placenta. Estrogens, 
by their action in stimulating the spontaneous activity of the myometrium, have 
much the same effect. 

b. Thyroxin. This hormone, secreted by the thyroid gland, controls the 
basal metabolism and thus is essential for the efficient function of every cell of 
the body. There is evidence from gynecology tliat hypothyroidism often is as- 
sociated with infertility, so this hormone must be considered in any account of 
hormone therapy. A synthetic form, thyroprotein, is available. It has the ad- 
vantage over most hormones that it is not destroyed by the digestive juices, so 
it may be fed to the animal to be treated. 

THERAPEUTIC USE OP HORMONES 

The philosophy of the writer regarding the therapeutic use of hormones in 
the treatment of infertility stems largely from observations in an experiment 
made to test the usefulness of estrogens for this purpose (Asdell ei aL, 7). In 
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this work, cows free from brucellosis, with no obvious signs of disease or abnor- 
mality and with fairly regular heat periods were treated with estrogens. The 
reason for selecting this method of treatment was that, since heat periods were 
fairly regular, the pituitary and ovaries probably were functioning normally but 
that the uterus was at fault. Estrogens were indicated since they increase the blood 
supply to the endometrium, thus giving a chance for better nutrition of that 
organ, and since they also stimulate the myometrium, thus improving the chance 
of normal function if that part of the uterus were at fault. The cows were 
bred naturally whenever they were in heat. Forty-two per cent of the treated 
cows conceived, but a control group had been included in the design of the ex- 
periment, and, of these, 50 per cent conceived in a fairly reasonable time. It 
is obvious that both in field trials and in experimental work this factor of spon- 
taneous recovery must be taken into account. Adequate controlling is essen- 
tial and it very rarely is found. The extent to which spontaneous recovery may 
affect the deductions varies with the criterion of sterility. Diagnosis of sterility 
by one veterinarian was followed by 12.5 per cent of spontaneous recovery ; in 
our experiment, which may be regarded as fairly typical of the usual diagnosis 
in the type of infertility treated, the spontaneous recovery rate was 50 per cent ; 
spontaneous recovery following diagnosis by another veterinarian was 85 per 
cent. This variation emphasizes the need for adequate controls in each trial 
which is made. 

Further reflection pointed to the lack of logic in injecting hormones in em- 
pirical amounts when no information was available concerning the normal re- 
quirements of the cow and little on what various doses do to the cow^s repro- 
ductive tract. Since that time, this situation has been corrected to a certain 
extent and the present knowledge on this subject has been brought together by 
Asdell (6). 

Autopsy of the cows which did not conceive showed that, in most cases, dis- 
ease of an erosive type had been present in the uterus, had damaged the cotyle- 
dons and then had cleared up. This also was borne out by the rather high 
abortion rate in the cows which conceived. Experience in this and in other in- 
stances leads the writer to believe that hormonic dysfunction is usually the re- 
sult of disease factors which have upset the normal balance. In many cases, 
the structural damage which has been done is such that repair cannot be made. 
Primary hormonic inbalance in dairy cattle is by no means common. Func- 
tional sterility usually is the result of disease or of malnutrition. 

In some types of infertility, the number of services needed for conception 
after treatment may be used with caution as a criterion of success, but even 
here a controlled experiment is preferable. 

There has been too much tendency to apply hormones to all types of infer- 
tility on a shotgun basis without attempting to fit the treatment to the symp- 
toms. As a result of this and due to the lack of controls, most of the work that 
has been done, both in the laboratory and in the field, must be taken with con- 
siderable reserve. In the account which follows, an attempt has been made to 
assess the reliability of the information given bearing this in mind. The method 
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of presentation is to consider different types of infertility separately. In prac- 
tice, a combined therapy aimed at elimination of the casual agent and at recti- 
fication of the hormonal inbalance is indicated, but where this method has been 
used, assessment of the value of the hormonal therapy becomes problematical. 

Generally speaking, the earlier literature is far more optimistic than the 
more recent. The earlier workers, particularly those on the European conti- 
nent, often report ‘‘cures,’’ apparently meaning that the symptoms have dis- 
appeared without indicating that the all-important conception has followed. 
Furthermore, in many reports, including recent ones, a few case histories are 
given describing successful treatments but with no reference to unsuccessful 
attempts. 

THE PREEMARTIN 

Attempts by the writer to modify the freemartin by the injection of estrogens 
have failed. In the four eases examined, the Mullerian ducts had lost the power 
of response to estrogens. As the gonad usually is a rudimentary cryptorchid 
testis, treatment with gonadotrophes is not indicated. Small gonads with ova- 
rian stroma, but devoid of germinal epithelium, sometimes are observed but 
probably would not respond to gonadotrophes sufficiently to become functional. 

INFANTILE OVARIES 

Infantile ovaries, with the consequent failure of the accessory organs to de- 
velop, are due to a variety of causes. They may be due to late development, 
genetic in nature, or to failure for other reasons not yet understood, hut usually 
the condition follows malnutrition in early life. The condition seems to be 
more frequent in more northern latitudes and lack of sunlight may be a factor. 
This may not be the primary factor involved, since high latitudes suffer from 
prolonged winters with consequent lack of succulent feed and a prolonged dry 
feeding period. The condition usually is found in heifers towards the end of 
winter, and it often is diagnosed when a number of heifers have been running 
with the bull and a check discloses very few conceptions. This means that 
treatment usually is initiated in early spring, when feed and climatic conditions 
are improving. Successes are credited to the treatment without sufficient basis. 

The logical treatment is to inject a gonadotrophic preparation, preferably 
one with follicle stimulating properties, such as equine gonadotrophin or horse 
pituitary. The reaction of the normal heifer calf before puberty has been in- 
vestigated by Casida et al. (15) who used pituitary extracts, both fractionated 
and unfractionated. They found that a calf whose ovarian follicles had not 
developed antra failed to respond. A similar result has been obtained by Smith 
et al, (50) in the rat. Further investigation may show that this is a serious 
limitation to the activity of gonadotrophes. Casida et al, (15) also found that 
there is a real danger of producing superovulations and that the eggs shed have 
a poor capacity for fertilization. Zawadowsky and Eskin (59) have found that 
conceptions are rare in cows inseminated at the first heat following the injection 
of chorionic gonadotrophin (prolan). However, if the reproductive system 



50 


B. A. ABDiaUL 


can be stimulated sufficiently, spontaneous ovulations subsequent to the induced 
one should be normal. 

Most of the earlier workers used gonadotrophins, but the later ones have been 
relying upon the synthetic estrogen, diethylstilbestrol. The mode of action, if 
any, of this hormone is obscure. Several workers suggest that it acts by jolt- 
ing’’ the anterior pituitary, causing it to initiate a normal rhythm in the re- 
productive tract. Comment on this is reserved until the experimental results 
have been given. 

Pighini (43) treated one heifer by grafting anterior pituitary tissue and in- 
jecting a crude anterior pituitary extract. She conceived. Asdell (5) treated 
2 heifers with a crude anterior pituitary extract from sheep and both conceived, 
but not until they had been on grass for some time. Eisenbach (21) treated 15 
heifers with 125 R.U. of chorionic gonadotrophin and 87 per cent conceived. 
Amilcare (3) treated 1 heifer with 325 R.U. of chorionic gonadotrophin without 
effect. Bottomley et al, (11) treated one heifer with chorionic gonadotrophins 
without result. Teunissen (55) treated 42 heifers with chorionic gonadotrophin; 
26 came in heat and 18 conceived. He also treated 16 witli equine gonadotro- 
phin; 9 came in heat and 5 conceived. This gives 78 heifers treated with 
gonadotrophes with a pregnancy rate of 55 per cent. 

Steinach et al, (53) treated 19 heifers with estradiol benzoate (Progynon 
B), 50,000 M.IT. in one injection. Of these, 95 per cent came in heat within 
2-4 days and 53 per cent conceived. Anderson and Bugg (4) injected 15 mg. 
of diethylstilbestrol diproprionate (the usual form in w'hich this hormone is 
administered) into six heifers with small inactive ovaries. One came in heat, 
but none became pregnant. Allen (21) injected 18 heifers with the same sub- 
stance and seven became pregnant. He notes that if heat was observed after 
the injections the chances of success were good and that the less the bodily de- 
velopment the poorer the outlook. Wright (56) injected 23 heifers with from 
1,500 to 3,000 I.U. of stilbestrol ; 5 came in heat and none conceived. It is not 
clear how long Wright persisted in his attempt to obtain pregnancy. Entirely 
negative results in experiments or trials of this nature are as difficult to explain 
as is 100 per cent success. If his report is omitted, 43 cows have been treated 
with estrogens with 40 per cent success. 

On the basis of published results estrogen treatment of cows with infantile 
ovaries has been less successful than gonadotrophin treatment, Casida et al. 
(15), in their work with normal heifers, found the most successful treatment to 
be an initial injection of a follicle stimulator followed by an injection of lutei- 
nizer. This is a rational treatment, but it has not been followed in the field so 
far as published results show. Indeed, most workers have relied entirely upon 
luteinizer. 

The idea that stilbestrol jolts the anterior pituitary into action is not sup- 
ported by the results of this form of therapy. The effect of this substance upon 
the pituitary of the immature animal has not been worked out. More informa- 
tion is needed along these lines and also more is needed upon the condition of 
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the ovaries of those heifers which show no response, if there be one, to any form 
of therapy. 

HYPOPLASTIC OVARIES IN THE ADULT 

The condition of ovarian hypoplasia in the adult has points of similarity 
to that of infantile ovaries, but the condition found seems to be more variable. 
One cause is malnutrition. The ovaries may vary from a condition in which 
small follicles are present, without heat periods and ovulations, to a complete 
fibrous degeneration. The rational hormonic treatment is to inject a follicle 
stimulator, and, in some cases, this is reinforced by the classical massage treat- 
ment. Reports on treatment arc numerous. Perhaps it might be as well to 
begin their consideration with a report by Clark (16) that of 15 treated by 
massage alone, 14 conceived. 

Spieler (51) treated ten cows with a mixed estrogen and anterior pituitary 
preparation (hormovilan) and nine conceived. Asdell et al. (7) treated three 
cows with a sheep anterior pituitary extract and two conceived. Hupka and 
Majert (27) gave 60 cows one or two injections of 125-200 R.TJ. of prolan 
(chorionic gonadotrophin), a very small dose by more recent standards, and 
62 per cent came in heat, while 47 per cent conceived. They also report the 
injection of 20 cows, with 90 per cent in heat after one to five injections. Bet- 
tini (10) treated nine cows of which eight vrere “ cured. Amilcare (3) treated 
eight cows with 125 R.U. of prolan and all conceived. Bisenbach (21) treated 
six cows similarly and all were “cured.” Menzani (35) treated 25 cows and 96 
per cent came in heat. Pataki (42) treated 19 cows and 84 per cent came in 
heat. Koch (31) treated 34 cows which had auaphrodisia, a sequel to hoof and 
mouth disease. They received 250 R.U. of prolan, and conception at the first 
mating was recorded in 19 of them, Bottomley et al. (11) treated 19 cows and 
6 conceived. Ilaisch (25) treated 12 and 11 conceived. Teunissen (55) treated 
32 cows and 10 conceived. This gives a record of 165 cows treated with 
chorionic gonadotrophin wdth 50 per cent conceptions. 

Kedrov (29) reports heat after treating cows with atrophic ovaries caused 
by underfeeding. His treatment consisted of injecting 1,000 M.U. of equine 
gonadotrophin, and he remarks that few of them conceived. Teunissen (55) 
treated two cows with the same type of preparation and both conceived. 

Treatments with estrogens also have been numerous. Murphey et al. (38) 
treated two cows with an estrogen extract and both conceived. Steinach et al. 
(53) treated 66 cows by injecting 50,000 R.U. of estradiol benzoate (Progynon 
B) and 95 per cent came in heat. Bennewitz (9) gave 18 cows the same treat- 
ment; all came in heat and 54 per cent conceived. Ratti (46) reported heat 
in 44 of 55 cows similarly treated. Kiipper (32) reported 36 treated with 20 
in heat and 14 pregnant with another estrogen (Unden). Allen (2) treated 
four cows and obtained four pregnancies, while Mirskaja and Kedrov (36) 
treated one group of seven cows with 16 to 30 mg. of stilbestrol and reported six 
in heat and one pregnancy. They treated 16 cows which did not come in heat 
after parturition in a similar manner. Pour of these ovulated but only one 
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conceived. Teunissen (55) treated four with another estrogen (Dimenformon) 
without success. Finally, Zollinger (6) treated 36 cows with stilbestrol and 
58.8 per cent conceived. The total number of cows treated with estrogens is 
123 and, of these, 53 per cent conceived. 

Amongst miscellaneous types of hormone treatment of this type of infertility 
may be mentioned a report by Deubler and Barnes (19), who treated 19 cows 
by injecting an extract of one or two ovaries or by feeding extracts of two 
ovaries in a capsule. Eighteen of these cows came in heat, but, as natural estro- 
gens are not absorbed from the gut in small doses, the successes cannot have been 
due to estrogens. Staheli (52) treated 51 cows by transplanting one or two 
ovaries. Of these cows 85 per cent came in heat and 61 per cent conceived. 
Frei and Staheli (23) treated nine cows with * ‘ vethormone * * of which six came 
in heat and five conceived. This substance is a mixture of ovarian, pituitary, 
thyroid and pancreatic hormones. 


SUBESTRUM 

The English workers have described a condition which they term “subcs- 
trum.” Animals which are classified thus do not come in heat, and small fol- 
licles are present in the ovaries but no corpora lutea. It appears to be a mild 
form of ovarian hypoplasia, and the type of treatment suggested should be the 
same as for that disorder. 

Pataki (42) treated nine cows with 62 to 125 R.U. of chorionic gonadotrophin 
and seven conceived. Jensen (28) combined this treatment with uterine 
douches and ovarian massage. Of 47 cases treated, 46 came in heat and 79 per 
cent conceived. Zavadovskii (58) treated 92 cows with equine gonadotrophin. 
Heat was recorded in 56 and pregnancy in 39. Wright (57) treated 18 cows 
with 15 to 25 mg. of stilbestrol. Seven came in heat regularly after the treat- 
ment but none conceived. Durrell (20) treated twelve with semen in the cervix 
and three conceived. A cow treated with equine gonadotrophin conceived, but 
with testosterone propionate only one of six became pregnant. One cow treated 
with progesterone conceived. 

PERSISTENT CORPORA LUTEA 

The usual treatment for persistent corpora lutea is to remove these bodies by 
squeezing them from the ovaries. In some cases, attempts have been made to 
treat with hormones. Spieler (51) used an anterior pituitary extract in 20 
cases with 14 conceptions. Hupka and Majert (27) treated ten with small 
doses of chorionic gonadotrophin and seven came in heat. Menzani (35) used 
the same treatment in 20 cases, and 13 cows came in heat. Eisenbach (21) 
reported all cured with 21 treatments, while Teunissen (55) obtained three 
pregnancies in six treatments with the same substance. Cameron (12) treated 
46 cows with equine gonadotrophin. Twenty-one came in heat, and he obtained 
some pregnancies. 

Estrogens also have been used in this condition. Bennewitz (9) treated 
15 cows with 50,000 R.U. of estradiol benzoate (progynon B) ; 94 per cent came 
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in heat, 75 per cent conceived, and 20 per cent became nymphomaniac. Kiipper 
(32) treated 13 cows with a similar dose (Unden) and obtained seven pregnan> 
cies, mostly after one to two sterile matings. Mirskaya and Kedrov (36) 
treated 13 cows with estrogens but no pregnancies resulted. 

• I 

ABSENCE OF HEAT, CAUSE NOT GIVEN 

These cases of anaphrodisia may be due to ovarian hypoplasia or to per- 
sistent corpora lutea. Hancock (26) treated six cows with chorionic gonado- 
trophin and three conceived. Murray (39) used equine gonadotrophin (1,500 
I.U.) in 19 cases, and 9 of these showed ovarian reaction. He also treated 35 
cows with stilbestrol (20 mg.). Heat followed in a large proportion, but only 
one conceived. Glenney (24) also treated 12 with stilbestrol and two pregnan- 
cies resulted. Lentz (33) treated six with e.strogens (folluctin) and four con- 
ceived. 

NYMPHOMANIA 

Nymphomania usually is treated by removal of the follicular cysts which 
cause the condition. In cases of long standing the cysts frequently have lost 
their lining of granulosa cells, and this presents a problem in hormonic treat- 
ment, since the rational hormonic therapy is to luteinize the follicles, thus 
breaking the deadlock in the cycle. Another complication may be the involve- 
ment of the central nervous system in the syndrome, as nymphomania is said to 
occur occasionally in the absence of large amounts of estrogens (Alba and 
Asdell, 1). An important paper on the condition and its treatment with hor- 
mones is that by Casida et al. (14). They point out that w'hen extracts of sheep 
pituitary are injected the results differ with the site of injection. Subcutaneous 
injections produce follicular growth, while intravenous injections cause luteiniza- 
tion. Thus, the latter method is the one to be recommended in this particular 
form of therapy. 

A wide variety of hormonic treatments have been attempted. Asdell (5) 
injected an extract of sheep pituitaries in four cases and obtained one concep- 
tion. Walsh (56) injected twelve cows and seven conceived, w^hile in two others 
normal cycles were restored. Casida et aL (14) made a very thorough test of 
this method using intravenous injections of sheep pituitary extract. They 
divided their cows into two groups of njunphomaniacs. Group 1 consisted of 
71 cows which were njunphomaniac but without uterine complications. In 55 
of them, corpora lutea formed, 52 showed normal heats and 46 were bred, with 
32 pregnancies. Group 2 consisted of ten cows in ^vhich there were uterine 
complications. In this group, corpora lutea were formed in nine ; normal heats 
followed in seven but none became pregnant. The only criticism which can be 
made is that many of the cows were in the incipient stages of nymphomania and 
the spontaneous recovery rate was not known. These workers also report that 
in 33 of the cows of group 1, cysts were ruptured, but that the degree of recov- 
ery in these cows did not differ from those in which the cysts were not rup- 
tured. The total for this treatment is 97 cows injected, with 41 per cent of 
conceptions. 
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A luteinizing hormone, chorionic gonadotrophin, has been^used by many 
workers. Koch (30) treated 35 cases and reported success in 30, with preg- 
nancies in several. Niklas (41) treated 31 cows with 100 to 400 R.U. and had 
20 cures, 11 of which were only temporary. He also reports treatment of 40, 
with 65 per cent conceptions. Haisch (25) treated nine cows and obtained six 
conceptions; Hancock (26) treated five with three conceptions; Deubler (18) 
had five injected cows and all conceived. Moore (37) treated 18; 12 ceased to 
be nymphomaniac, 10 had corpora lutea and 12 conceived. Teunissen (55) 
treated 12 cows and none conceived, while Durrell (20) records six treated, six 
conceptions. Lentz (33) used Folluetin and reported 16 conceptions in 17 cows 
injected. The total for this form of treatment is 112 cows of which 66 per cent 
conceived. 

Teunissen (55) has used equine gonadotrophin in three eases, but none con- 
ceived. 

Estrogen treatments also have been tried. Murphey et al. (38) treated one 
cow without success. Lentz (33) used stilbestrol in one case without success. 
Dancey (17) used the same substance on four cows; three improved and two 
conceived. 

Progesterone has been used by Carlson (13), who recorded five pregnancies 
in five cases. Smith (49) treated ten cows and all symptoms disappeared. 
Bellomo (8) records the ^‘effective’* treatment of five cases with progesterone. 

Durrell (20) has tried testosterone propionate in two cases without success. 

One gains the impression from some of these reports that other forms of 
treatment than hormonal injections alone have been resorted to and this makes 
several of the most optimistic reports difficult to accept at their face value. 

CYSTIC OVARIES WITHOUT NYMPHOMANIA 

The exact significance of this classification is somewhat obscure. It may in- 
clude cases in which the cysts occur in the corpora lutea or in the ovarian ad- 
nexa (mesovarium, parovarium). Spieler (51) treated 22 cows with an an- 
terior pituitary extract and 77 per cent conceived. Casida et al. (14) used a 
similar treatment intravenously in 13 cases; nine produced corpora lutea, ten 
had normal heats and four conceived. Deubler (18) treated two cows with 
chorionic gonadotrophin and both conceived. 

cows WITH HEAT PERIODS BUT NO CONCEPTION 

The type of cow in which heat periods are regular to irregular presents a 
most important problem, because they give the opportunity for breeding, but 
much time is wasted due to the delays in getting them pregnant. From the 
investigators point of view, they pose difficult problems, since, in the absence 
of obvious lesions, it is difficult to know when to begin treatment as sterile 
cases. Probably many of the cows with irregular heats represent a group of 
early aborters. 

A further difficulty in assessing the results of treatment lies in the fact that 
in these cows their state of relative infertility may represent the degree of fer- 
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tility of the bull to some extent. A relatively infertile bull is not so successful 
with this class of cow as is a very fertile one. A rational hormonic method of 
treatment is not obvious, and many kinds of therapy have been attempted. In 
this class of infertility, controls are more essential, if that is possible, than in 
any other, and they rarely are found. 

Spieler (51) treated 15 cows with an anterior pituitary extract and 93 per 
cent conceived. Asdell et al. (7) treated 11 cows with a sheep pituitary extract 
and four conceived. These cows had failed with previous estrogen treatment. 

Eisenbach (21) used chorionic gonadotrophin in the small dose of 125 R.U. 
He reported that 12 cows were treated and all were cured. Bottomley et al. 
(11) treated 19 cows with 2,500 R.U. and obtained six pregnancies. In a group 
of cows in which difficulty was experienced in obtaining conceptions, the per- 
centage of successful services was compared in treated and untreated cows. 
For the experimental cows services with treatment were 57 per cent effective, for 
untreated services 7 per cent, while for control cows, not deemed in need of 
treatment, services were 58 per cent successful. The authors draw the conclu- 
sion that treatment restored the average fertility to the level of the controls. 
Durrell (20) treated ten cows and four conceived. 

Durrell (20) also has treated 24 cows with equine gonadotrophin, and 11 
conceived to the first heat during or following therapy, a result which he inter- 
prets as showing the beneficial effects of the injections. He also treated three 
cows with equine gonadotrophin and progesterone and obtained one conception. 

The value of estrogens has been studied by several workers. Murphey ct al. 
(38) treated six cow's with estrogens and four conceived. Frank (22) used 
ovarian extract (without corpora lutea) on 35 heifers and 90 per cent con- 
ceived. In 50 cows, about 90 per cent conceived to the first service and 10 per 
cent to the second. Zupj) and Murphey (61) treated two cows without success. 
Spieler (51) used a complex mixture containing estrogens and obtained 93 per 
cent conceptions in 15 cow’s. Risse (47) used the same preparation (hormo- 
vilan) on 85 cows and reported 16 per cent conceptions. Asdell (5) used estra- 
diol benzoate in eight cases and two conceived. Clark (16) treated 41 cows 
which had averaged 4.6 unsuccessful matings w'ith a saline douche, and 38 
conceived after an average of 1.9 further matings. He also used saline douches 
and injected an ovarian extract in 17 cases which had previously been treated 
w'ith saline douches. Ten conceptions resulted in this group. Mirskaya and 
Kedrov (36) treated 11 cows with estrogens and only one pregnancy followed. 
Asdell et al. (7) injected 31 eow^s with estradiol benzoate and ten conceived. 
This is 32 per cent. Of 18 controls, 55 per cent conceived. The first group, as 
it is reported here, contained several cows w'hich had failed to conceive as con- 
trols and which were treated subsequently. The average number of services 
per conception in the treated cows that became pregnant was 3.0, while in the 
control group (without treatment), 1.7 services were required. The evidence 
from this experiment neither supports the view that estrogens improve fertility 
nor that it lowers the number of services required per conception. In one field 
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test in which the cows treated were regarded as poor prospects, two of ten con- 
ceived. In another herd 17 cows were treated, 15 of them conceived but five 
aborted subsequently. Accuracy of diagnosis thus is an important factor in 
assessing results, especially in this type of infertility. 

Durrell (20) treated four cows with progesterone and obtained one concep- 
tion. Buegg (48) fed testes to eight cows, seven became normal and four con- 
ceived. It is improbable that any hprmone was absorbed by these cows. 

At this stage, it hardly seems necessary to comment further upon this group 
of infertile cows. 

OTHER CONDITIONS IN THE COW LEADING TO INFERTILITY 

Metritis is a causal factor, or a contributory one, in many cases of infertil- 
ity. Haisch (25) treated 25 cows with Lugol’s solution together with injections 
of 25 R.U. of chorionic gonadotrophin. He states that 19 were cured. Spieler 
(51) treated seven cows with an anterior pituitary extract and six conceived. 
Anderson and Bugg (4) treated three with stilbestrol. One was improved and 
two not. Glenney (24) reports that stilbestrol has some effect in improving 
cows with pyometra. 

Haisch (25) treated 23 cows suffering from vaginal prolapse with 250-1,000 
R.U. of chorionic gonadotrophin and reports 17 cured and four others improved. 

Stilbestrol has been recommended as an aid to the expulsion of the retained 
mummified fetus. Stuart (54) treated one cow with 25 mg., together with 
posterior pituitary extract. The fetus was expelled. One cow treated with 
stilbestrol alone failed to respond. Anderson and Bugg (4) also failed with 
one cow. Powell (45) tried one cow with chorionic gonadotrophin without ef- 
fect; later she responded to stilbestrol. Murray and Robertson (40) treated 
one cow with stilbestrol without effect- 

SEXUAL INACTIVITY IN BULLS 

A good deal of work has been done on the use of various hormones upon 
sterility and sexual inactivity in bulls, but very little of it has been reported in 
the literature. In general, it may be said that, judging from results obtained 
with other species, when spermatogenesis ceases entirely the prognosis is un- 
favorable. 

Pighini (43) treated eight bulls with anterior pituitary grafts and six be- 
came active again. Bottomley et al (11) treated three bulls which produced 
semen with low sperm motility by injecting chorionic gonadotrophin and all 
.were improved. Durrell (20) treated four bulls with low ability to mount with 
300 mg. of testosterone propionate; all responded favorably, but in one the re- 
sponse was temporary. Reineke (46) treated 14 bulls with thyroprotein. Ten 
were improved in their libido, and conception rate improved in four of them. 

GENERAL REMARKS 

It has been a depressing task to bring the literature on the hormonic treat- 
ment of sterility together. Very little of the work is controlled adequately, and 



HORMONES AND STERILITY 


57 


much of it is anecdotal in character. The complications in work of this nature 
are such that it is difficult to devise critical experiments, but in view of the im- 
portance of sterility much more of this critical type of work should be done. 
Where adequate controls have been set up, hormonic treatment has failed to 
demonstrate efficacy. Another feature is that in any definite type of infertility 
the average percentage of response is about the same whatever the treatment. 
Such uniformity seems to show that the type of treatment with these bound- 
aries means little; other factors leading to a fairly uniform rate of recovery 
are at work. These conclusions do not mean that hormonic treatment neces- 
sarily is worthless. They mean that we know too little about the exact role 
played by the hormones and about the dosages that should be employed. Much 
more groundwork needs to be done and many more critical field trials. Also, in 
field trials, the worker has tended to neglect the recommendations of the physi- 
ologist. He has worked on a shotgun basis without fitting the treatment, in 
most cases, to the type of infertility encountered. 
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NUTRITION AND THE TREATMENT OP STERILITY IN DAIRY 
CATTLE: A REVIEW* 


S. A. ASDELL 

Laboratory of Animal Nutrition, Cornell University, Ithaca, New Yorlc 

The relation between nutrition and infertility in dairy cattle is a difficult one 
to review because it has so many ramificatons. The direct literature is rather 
scanty compared with that upon the same subject in laboratory animals ; much 
may be gathered by inference but little can be substantiated by reference to 
critical work. Malnutrition may affect the reproductive system in a variety of 
ways, directly, and indirectly, and it may take a wide variety of forms. Under 
practical conditions, one rarely finds a clear case of malnutrition due to a de- 
ficiency of one factor in the feed. The usual condition found is that in which a 
multiple deficiency exists. Underfeeding may be accompanied by poor quality 
of the feed; thus, an energy deficiency often is complicated by deficiencies in 
protein, phosphorus and vitamin A. A protein deficiency often is accompanied 
by a phosphorus deficiency, and a vitamin A deficiency by a protein and phos- 
phorus deficiency. When a specific deficiency leading to reproductive disorder 
is found, treatment consists of a review of the feeding picture and the application 
of common sense methods in providing better feed. 

Malnutrition usually results in lowered vitality so that it is reasonable to 
assume that any form of malnutrition lessens the resistance to disease. This 
is one of those general statements that is very difficult to prove on an experi- 
mental basis. Attempts to prove it for the reproductive tract have been very few 
and they have led to negative or inconclusive results. When disease has once 
made inroads in an animal or herd, the problem is no longer the simple one of 
correcting feed conditions; the disease factors must be attacked and eliminated, 
as they are not only troublesome in themselves, but the affected animals are 
reservoirs which threaten the health of the other members of the herd. 

In discussing the problems of reproduction with farmers, the writer always 
has stressed the fact that a healthy herd is more profitable, both in production 
and reproduction, than an unhealthy one, and that it is better to maintain a 
herd in good health by adequate feeding than it is to attempt to restore a herd 
that has been let down by malnutrition. When this stage has been reached, the 
problem is no longer the simple one of providing adequate feed. The fact that 
adequate feed is cheaper than attempts to restore deficiencies by reinforcing an 
inadequate dietary regime with proprietary articles also has been stressed. 

In general, it has been shown for many deficiencies that the young animal is 
more susceptible than is the adult. Early malnutrition prevents the orderly 
growth of the reproductive organs as a physiologically integrated system. When 
this occurs, it is difficult, and sometimes impossible, with our present knowledge, 
to initiate the correct balance for proper development. Once reproduction has 

* Based upon a paper presented in the symposium on Beproductive Problems of Dairy 
Cattle at the 48rd Annual Meeting. 

m 
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begun the problem is easier, as it then is a question of maintaining in smooth 
operation an organization which already has been built up. The mature animal 
is more resistant, also, because it has reserves to draw upon which are not avail- 
able to the growing animal. For these reasons, the writer believes that more 
attention should be paid to the nutrition of the growing animal, both male and 
female. Prevention rather than cure should be the keynote of our advisory and 
research work. 

Specific dietary deficiencies rarely cause spe(*.ific lesions in the reproductive 
tract. They usually produce general effects leading to a variety of types of 
infertility or of disease. Therefore, in this review the approach is to consider 
the food factors individually and to point out the types of failures that have 
been observed, together with the conditions under wdiich deficiencies- may occur. 
It is not feasible to classify by considering the individual functions of the repro- 
ductive organs. No attempt is made to review the relations between deficiency 
diseases and reproduction as a whole. Attention is centered upon the knowledge 
we possess of the subject as it relates to dairy cattle. 

During the ]mst few’ years, many attempts have been made, parti(*ularly in 
the management of bulls used for artificial insemination, to reinforce, in a variety 
of ways, rations usually considered adequate. The.se reports have been, in the 
main, negative, but Smirnov-Ugrjuinov and Laptev (48) found that the addi- 
tion of animal protein improved semen quality. However, Branton ct al. (7) 
failed to find any benefit on semen quality or fertility when they used skim milk 
powder as the principal protein in a 15 per cent supplement. On the other hand, 
they also found that a poor protein, corn gluten feed, W’as w’ithout deleterious 
effect. 

In interpreting results, the time factor is important, especially in bulls. It 
takes about II weeks for complete spermatogenesis and about 3 weeks more for 
transit through the epididymis, while sperm retain their fertilizing power when 
stored in the epididymis for a maximum of about 40 days. In view of these 
facts, it is unlikely that a deficient diet which causes a sudden break in sperma- 
togenesis will have its full effect upon semen ejaculates and on fertility for 
several weeks after the break occurs. Aristotle (2) w’as led to deny that the 
testis had a direct bearing on fertility, because he had noticed that a certain bull 

did not lose his fertility immediately after castration. 

« 

GENERAL INANITION 

It generally is believed that wiien calves are underfed they are late in at- 
taining puberty, but there is little precise data on the subject. In fact, the 
average age of puberty for heifers under normal conditions never has been worked 
out with statistical detail, so that no ‘‘yardstick” exists by which comparisons 
might be made. There is a certain amount of anecdotal lore concerning the 
effects of underfeeding on the age of puberty, but, w^hile most of this has a basis 
in fact, we probably are dealing with deficiencies of a multiple nature rather 
than with a straight energy deficiency. Richter (43) pointed out that heifers 
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were late coining in heat after the underfeeding which occurred during World 
War I, and Moehl (33) has reported in much the same vein. Eckles (12) re- 
cords that heifers fed heavily experienced their first heat earlier than did those 
fed lightly; the difference for Jerseys w^as 65 days, for Ayrshires, 100 days, and 
for Holsteins, 126 days. That underfed heifers are late experiencing their first 
estrus also has been recorded by Allen (1) in England. The condition often 
shows itself towards the end of an unusually severe winter and is corrected when 
the heifers are placed on spring pasture. Quinlan (41) has reported similarly 
from South Africa. In older animals, under-nutrition results in irregular heat 
periods and low fertility (Richter, 43; Bolder, 11). 

In bulls, Jones et ah (24) reported that calves fed after 5 to 7 months of age 
on alfalfa hay and minerals grew at a rate which was 10 to 15 per ('cut below nor- 
mal. They did not produce good semen of normal fertility until they were 2 to 
3.5 years old, while others fed likewise, but with the addition of skim milk pow- 
der, performed efficiently after they -were 1 year old. They ascribed the dif- 
ference in the two groups to a difference in energy intake. 

There appears to be no data from dair^' cattle dealing with specific deficien- 
cies of protein, carbohydrate or fat. 

MINERAL DEFICIEXOIKS 

The usual deficiency met with in the fiehl is a phosphorus deficiency. It 
tends to occur when diets low in protein are fed, under conditions more or less 
resembling those found on the range when the grass is dry or when the soil defi- 
nitely is deficient in phosphorus, and in borderline areas, when the cows are 
lactating but are not fed an adequate protein and mineral supplement, (len- 
erally, reproduction does not appear to suffer until the animal shows clinical 
symptoms of phosphorus deficiency, e.g: unthriftiness, rough coat and depraved 
appetite. Tuff (53) reported reduced fertility in dairy cattle in certain areas 
of Norway in one of the earlier thorough studies devoted to this problem. Eckles 
et ah (13) studied conditions in affected areas in Minnesota. They reported 
that there was considerable breeding trouble ; on many farms not more than one 
calf was obtained every 2 years, but there \vas not more than the usual amount 
of abortion. Heifers sometimes did not come in heat until they were past 2 
years old. The condition was most severe in late winter and early spring, es- 
pecially following a dry summer and fall. One cow whi(«h was killed had sub- 
normal ovaries, and palpation showed this condition to be general. Phosphate 
supplements cured the condition ; cows ovulated and the normal number of con- 
ceptions occurred. Analyses showed that phosphorus was low in the feeds grown 
on affected farms, but the calcium content was normal. In a further study, 
Eckles et ah (14) stated that cows which were affected tended to have one or 
two heat periods after they calved. If they became pregnant at this time, the 
calves were carried to term ; if not, they tended to show anestrum for the rest of 
their lactation; after they were dried off, heat periods returned and they had 
a normal chance of conception. In this connection, Derivaux (10) found that 
neither phosphorus nor calcium deficiencies affected the corpus luteum. Palmer 
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et al, (38), in an experimental study, found <lelayed first heats in heifers. Later, 
ovulations without heats occurred at normal intervals. The life of the corpus 
luteum was normal. Conception occurred with relative ease but parturition 
tended to be difficult and four of the eleven calves were either weak or dead at 
birth. This was an extreme case of phosphorus and protein defi(dency, and the 
cows were about 50 per cent uiiderweii^ht. 

Hidden ei al. (44) also report absence of heats in cows on a phosphorus- 
deficient ration. 

In South Africa, Quinlan ct al. (42) found that the average age at first heat 
in 28 heifers fed dry rations and restricted in exercise was 528 days. When 
cycles were establislied, their length was normal. The deficiency here may be 
due to vitamin A lack and not to phosphorus. Theilcr et al. (50) previously 
had reported a calf <!rop of 51 per cent in phosphorus-deficient herds, and this 
W'as restored to 80 per cent in herds with a phosphate supplement. 

Webster (57) reported that in phosphorus deficient (Waihi disease) areas of 
New Zealand the calf crop was 63.7 per cent in pika herds and 68.2 per cent in 
no pika herds ; this was not a very large difference, but supplements were being 
fed in many of the pika herds. The chief reproductive symptom was absence of 
heat periods, and three cases at autopsy had subnormal ovaries. He found a 
correlation of t 0.45 between the phosphorus content of spring pasture and the 
breeding efficiency index. The correlation between the latter and calcium con- 
tent was -0.35, and for the Ca:P ratio it was ^ 0.51. The correlations with 
autumn pasture were much lower. Phosphorus was not really low on any of 
the farms studied. Farms above the mean in Ca : P ratio had a breeding ef- 
ficiency index of 1.6, while those below the mean had an index of 1.3. 

It appears, therefore, that phosphorus deficiency interferes with ovarian func- 
tion, causing probably a lowered estrogen secretion in the early stages. In more 
severe conditions, follicular development is interfered with. If pregnancy 
occurs, little effect is seen until the end of gestation, when parturition may be 
difficult and the calves may be born weak or dead. The deficiency occurs where 
I)hosphorus in the soil and rations is low, and it may only become apparent in 
borderline cases w'hen the drain of pho.sphorus through lactation is rather heavy. 
AVork is needed on the anterior pituitary to see whether tlie effect is through 
this organ or directly upon the ovary. 

The phosphorus requirement for reproduction is about 10-12 g. per day. 
This is not above the requirement for growth but decidely below the additional 
amount needed if the cow is lactating (Huffman et al., 23). 

In connection vdth the reports that once pregnancy is initiated it is not in- 
terrupted, it is interesting to note that Hart et al. (18) found that contagious 
abortion was no more frequent in a herd receiving poor rations without minerals 
than in one in which the rations w'ere good and were reinforced with mineral 
supplements. 

There is no evidence that a calcium deficiency causes reproductive failure in 
dairy cattle (Palmer ei ah, 37; Huffman, 22). Trace elements also have not 
been incriminated as yet. 
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Iodine deficiency apparently does not impair the reproductive function in 
itself, so far as is known for dairy cattle in practice. It does, however, cause 
the birth of premature, weak or dead calves. According to Kalkus (25), the 
danger is greater in a prolonged winter and if the calves are born in a cold spell. 
Keith (26) has reported in much the same vein. The danger may arise in the 
Sierra region and in that of the Great Lakes. 

VITAMINS 

Vitamin A deficiency has been reported frequently in range cattle when they 
have been on dry feed or dried up range for some time. One such report is 
that of Hart and Guilbert (19). They include among the symptoms the birth 
of dead or weak calves with frequent retention of the placenta. The condition 
somewhat resembles that which is associated with brucellosis. The cows which 
produce these calves usually exhibit typical symptoms of vitamin A deficiency 
to some degree. Such symptoms are night blindness, ophthalmia and diarrhea. 
Lack of condition also is frequently noticed. These workers ascribe similar 
reproductive failures observed by others on diets consisting entirely of certain 
plants, such as wheat, oats or corn, to a lack of this vitamin. They also con- 
sider that similar failures, observed when cottonseed meal is fed, are due to the 
destruction of vitamin A. Meigs and Converse (31) have observed these symp- 
toms in dairy cows fed dry rations. There is no evidence that estrous cycles are 
interfered with in either beef or dairy cattle. Thus, Davis and Madsen (9) 
obtained conceptions in beef cattle receiving less than 60 ^g. of carotene per kg. 
body weight. This amount was insufficient to prevent the development of typi- 
cal lesions. They performed a post-mortem examination on one heifer that had 
aborted at 8 months and found that she had “infantile’' ovaries and a cystic 
pituitary. The condition of the corpuk luteura apparently has not been investi- 
gated. 

Conception may not occur as readily in vitamin A deficient cows, as Axelsson 
(4) reports that cows kept for 3 months before service on a diet containing 27- 
47 mg. of carotene required 2.0 matings per conception; those fed 48-72 mg. 
required 1.4, and those above 72 mg. required 1.2 matings. 

Vitamin A deficiency in bulls has received considerable attention. Sutton 
et aL (49) kept calves on a low vitamin A diet until they were a year old. They 
observed degeneration of germinal epithelium and absence of spermatozoa. The 
alpha cell zone in the anterior pituitary was extended, but, nevertheless, there 
was an increase in gonadotrophic potency of the tissue. Fluid had accumulated 
in the cleft of the pituitary. Hodgson et al (21) kept 12 bulls on a diet which 
provided a low intake of this vitamin. Seven remained fertile though they 
would not mount in many cases. The semen was low in spermatozoan concen- 
tration, the count of abnormal sperms was high, the pH was higher than usual 
and the semen did not store well. They remarked that gross symptoms of de- 
ficiency appeared before reproductive function began to suffer. If the deficiency 
was produced before the onset of puberty, the bulls failed to breed at all. Their 
pituitaries were cystic and the epithelium of the seminiferous tubules was de- 
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jxeiierating. The addition of vitamin A to the diet did little to improve the 
reproductive organs once these lesions had appeared. Brb et al. (15) also found 
that vitamin A deficiency delayed puberty, decreased sex drive and reduced the 
amount of spermatogenesis. The anterior pituitary was edematous, and there 
were histological changes in the adrenal cortex. It was found that the sexual 
disorders continued long after the addition of adeijuate amounts of vitamin A to 
the diet. In both these papers, it was stated that gross symptoms preceded 
involvement of the reproductive organs. A film prepared by Bratton at Cornell 
shovrs that ability to mount cows is lost before semen production and fertility 
suffer to any marked extent. 

Remarkable results have been claimed for the use of vitamin C (ascorbic acid) 
in the treatment of failures in reproduction, but so far the method has not been 
submitted to a critical test. In view of the fact that the greatest degree of suc- 
(*ess has been claimed in cases with regular cycles but without obvious pathology, 
and that it is in this class that spontaneous recoveries are most frequent, the need 
for adequate controls is obvious, but one does not find them. The writer’s ex- 
periences with hormones, both in his own work and through the literature causes 
him to reserve judgment until critical data are available for study. 

Phillips et al. (39) found that normally there is a rise in blood plasma ascor- 
bic acid during mid-to-late heat. Of seven poor breeders, two failed to show this 
rise. Eleven cows wdth regular cycles or wdth a tendency to omit heats were 
injected with this vitamin. Ten of them conceive<l to the first service. In 
three cows which lacked uterine tone and in three with cystic ovaries, the cow^s 
failed to respond to the injections. These workers quote a communication from 
Brown who injected twelve cows and obtained seven or eight conceptions. McIn- 
tosh (30) advises the injection of 1.5 to 2 g. of ascorbic acid per 1000 lb. live 
weight. He cites a communication w^hich he had received in which, of 33 cows 
with regular heats which had been injected, 31 conceived. Of six with irregular 
heats, four conceived, while no resfumse w^as obtained in eight cows with cystic 
ovaries. Barker (5) records the case of one cow which conceived in 2 consecu- 
tive years on the day on which the vitamin was injected and three in which it w’as 
ineffective. It may be mentioned that average diestrous plasma ascorbic acid 
levels in 82 cows have been obtained by Asdell et al. (3). These cow^s required 
from one to six services per conception or failed to conceive after six services. 
No relationship was found betw’e<*n the ascorbic acid level and the ease of con- 
ception. 

Injections of ascorbic acid are said to be equally effective in the treatment of 
infertility of the bull. Phillips et al. (40) treated 29 bulls wdth poor biwding 
records by injecting 1.5 g. of ascorbic acid per 1000 lb. live w’eight each w^eek. 
Four failed to respond, and one of these had atrophic testes. The semen changed 
in consistency from a thin watery fluid to thick and creamy. The spermatozoa 
were increased in their longevity. Six of these bulls had little sox interest in 
eow^s and all were improved after the injections. These workers also found that 
in cases in which the ascorbic acid in the semen w’as below 2 mg. per 100 ml. the 



66 


S. A. ASDELL 


bulls were poor breeders, from 2 to 8 mg. their record was satisfactory, while 
for those in which the level was above 8 mg. the breeding records were erratic. 

One method of increasing the ascorbic acid level in the blood is by feeding 
chloretone. Scheidenhelm et al. (46) have used this method with three bulls 
which had poor records. In each of them the number of services needed to ob- 
tain conceptions was improved very markedly. 

It is possible that vitamin D deficiency is a factor in bovine infertility. Wallis 
(56) reports a decline in general health when this substance is lacking in suf- 
ficient quantity and records that four cows on such a diet did not experience 
heat periods. 

The problem of vitamin E need for adequate reproduction in cattle is a dif- 
ficult one to review because so many extravagerit claims have been made for the 
use of this compound. Usually these reports have dealt with tiie addition of the 
vitamin in the form of wheat germ oil or sprouted oats. 

In 1931 Vogt-Muller and Bay (55) reported that they treated 12 cows, which 
did not conceive readily, by injecting 10 cc. of wheat germ oil intramuscularly. 
All conceived after the treatment. Later, Bay and Vogt-Muller (6) reported th<* 
treatment of 70 cows with 49 conceptions. Risse (45) treated 60 cows but only 

10 conceived in 4 to 6 weeks after treatment. It had no effect at all on young 
and old cows with ovarian atrophy, persistent corpora lutea and follicular cysts. 
Koenen (27) reported some favorable results, but not enough to indicate that 
wheat germ oil is a specific remedy for infertility. Tutt (54) u.sed wheat germ 

011 in 25 cases of infertility due to various conditions and obtained 17 (‘on(*ep- 
tions. However, all these cases were undergoing other treatinents at the time 
of injection, mainly in the form of douches with LugoUs solution. In this con- 
nection, and also in connection with ascorbic acid therapy, one must note that 
Clark (8) treated 41 cows which had averaged 4.6 unsuccessful matings with a 
saline douche, and that 38 of them conceived after an average of 1.9 further 
matings. Schweizer (47) fed vitamin E to 19 (*ows’that failed to conceive for 
no apparent reason and 13 conceived. McIntosh (29) rci)orts that of 57 cows 
treated with wheat germ oil 38 conceived at their first subsequent service. Xo 
details are given. Moussu (35) states that wheat germ oil prevents losses due 
to contagious abortion. It was given in 30-40 cc. doses at conception, at 3 
and 6 months. In a district where 7,000 cows were thus treated, “to-day the 
success is regular and evcrywdiere one sees abortions, non-deliveries and mortality 
of the new-born disappear”. 

On the other side of the picture is the report by (Jullickson et al. (16) that 
nine heifers were raised on vitamin E-free rations and that all calved normally. 

On the use of wheat germ oil for bulls, there are the reports by Timin and 
Pereturina (51, 52) of 5 bulls which were receiving steppe hay and concentrates. 
These rations were reinforced with 500 to 1200 g. of wheat embryos. Sexual 
activity improved, semen volume increased 1 8 per cent, sperm numbers increased 
U per cent and activity increased 14 per cent. Gullickson et al. (16) reported 
that two bulls fed a vitamin E-free ration were fertile. In five others raised on 
similar rations, the sexual development was normal. 
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Harris et al, (17) have used a vitamin E concentrate of mixed tocopherols. 
They report that in one lierd a number of cows which had averaged five services 
per conception in previous years had a service rate of less than three in a year 
during which either the tocopheral supplement, or one containing this supple- 
ment together with vitamin A, was fed. The record for the previous year 
showed three stillbirths, four abortions, and retained plac'cntas requiring the 
services of a veterinarian after the birth of almost every calf. In the year of 
supplementation, no stillbirths, one abortion and one retained placenta were 
recorded. 

Moore (34) used sprouted oats on four heifers that did not conceive readily. 
Two conceived during the experimental feeding period. Miller and 0 raves 
(32) used 115 heifers and cows. Of these, 27 conceived before they were fed 
sprouted oats, 57 conceived during or after the treatment and 31 did not. Henke 
(20), in a thorough experiment with controls, did not find that sprouted oats 
were of benefit. lie had one group of four heifers which had not come in heat 
at all. Two were fed sprouted oats and both conceived, though one did not until 
a year after the feeding had been stopped. Two were not fed sprouted oats 
and one conceived. Another group consisted of 19 cows that were slow in com- 
ing in heat after calving. Of nine fed the oats, all conceived. Of ten not fed in 
this manner, nine conceived. Each group averaged 2.2 services per conception, 
but the fed group averaged 268 days from calving to conception and the control 
group 229 days. Another group consisted of cows bred once without conception. 
Twenty-seven were fed sprouted oats, and 20 (74 per cent) conceived with a 
service rate of 3.4 for those that became pregnant. Of 25 controls, 18 (72 per 
cent) conceived with a service rate of 4.2. 

OVERFEEDING AND FERTILITY 

It generally is believed that overfat cows have more difficulty in conceiving 
than do others. This belief has not been submitted to experimental test, and it 
may be argued that the tendency to fatten readilj' denotes an inherent endocrine 
imbalance which would, in itself, impair fertility. 

There is a certain amount of supporting evidence for the idea that sterility 
may result from over-fatness. Marshall and Peel (28) examined the reproduc- 
tive tracts of seven heifers and cows that were fat and sterile. In all of them, 
there were fatty deposits in the ovaries, few follicles and an unusually large 
amount of orange pigment in the stroma. Quinlan (41) in a series of fat cows, 
found that the ovaries were smaller than usual, but that they were normal ex- 
cept for the absence of large follicles. Newton (36) stated that in quick-fatten- 
ing breeds in Argentina fatness is a frequent cause of sterility. Cims sufl’ering 
from the condition had fatty deposits in the bursa ovarii which prevented its 
close application to the ovary. This could be detected by rectal palpation, and 
the cows in which it was present were not excessively fat to the eye. However, 
it does not follow that fat sterile cows are sterile because they are fat. 

The writer considers that this review demonstrates the need for adequately 
controlled experiments in this field, just as much as they are needed in the 
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hormone and infertility field. Much, too, is to be gained if the biochemist or 
nutritionist works closely with the physiologist. Par too little is known regard- 
ing the manner in w^hitjh feed deficiences affect the complex functions of the 
reproductive organs. 
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THE INHERITANCE OF PUNCTFONAL CAUSES OF REPRODUCTIVE 
INEFFICIENCY: A REVIEW^- ^ 

LESTER O. GILMORE* 

Minnesota Agricultural Erpenment Siatiori, Division of Dairy Hushandry, 

Saint Paul, Minnesota 

That fertility is alfected by the pjenotype of mates is borne out by observation, 
the opinion of popular writers in dairy cattle breeding and by research investi- 
gators. This has led to the need of paying attention to the reproductive effi- 
ciency of the family from which a prospective herd sire comes. 

The great variation in the use of the terms fertility, infertility, sterility, 
reproductive efficiency, and others suggests the need for some delimitation of the 
different terms in the interest of clarity. Spielman and Jones (113) and Creg- 
ory et al. (37) considered the problem from its broad aspects and studied the 
integrated effect of all factors up to and including parturition, i.c. garnet ogen- 
esis, estrous, ovulation, fertilization, implantation, gestation and parturition. 
Other workers, including Gowen (34) and Eekles (24), have used the number 
of services per conception as an indication of fertility. This criterion measures 
fertility at the earliest time possible for cattle. Unfortunately, no method is 
available for use with cattle to differentiate those not coiu'eiving from failure 
of fertilization from those requiring extra services because of an early resorp- 
tion or expulsion. From its strictest physiological sense, however, it would 
seem that fertility had been achieved once fertilization of the ovum by the 
sperm had taken place. Presumably, separate factors are involved in failure of 
fertilization as contrasted to the failure of subsequent processes involved in the 
successful completion of a gestation. 

Evidence of a general nature that implicates genetic factors in fertility has 
been the differences found between breed groups, bull groups and cow families. 
Kab (62) studied the records of 7104 calvings and found that the daughters by 
22 different bulls varied considerably as groups, thus indicating a genetic basis. 
High fertility was present in 35 groups and low fertility in 11 groups. Spiel- 
man and Jones (113) found a range in mean rcprodu(*tive efficiency i)er cent 
in their breed samples of 65.55 ±: 1.88 to 81.27 ±: 1.67. Between cow families, 
the greatest range, ie. 54.46 ± 4.83 to 87.23 ± 1.62 per cent, was found within 
the same breed. A correlation of ! 0.546 ± 0.118 existed between the founda- 
tion cows and the mean of their respective descendants. Out of 20 cow fami- 
lies averaging 1.72 services per conception, Trimberger and Davis (120) re- 
ported one of extremely low fertility (2.92 s/c) and two w4th significantly 
higher fertility (1.00 and 1.22 s/c, respectively). When analyzed by bulls, tlu* 
daughters of one sire required 2.25 s/e, which was significantly higher than the 
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mean. These conservations were borne out by Laperlof (70), Seath and Staples 
(105), and Taussig (118), who found a difference in the average calving inter- 
val between daughters of different bulls. Wagener (123) made similar obser- 
vations in a Brown Swiss herd. Yapp (141) found reduced fertility in certain 
animals of the Illini Nellie family of Brown Swiss, and the classical example of 
the inherited suicidal tendency of the famous Duchess Shorthorn family also 
exemplifies the inherited phase of infertility. 

The nature of the genetic effect upon infertility is not well known. In gen- 
eral, from studies in laboratory and some farm animals, a reduction in fertility 
is thought to accompany the reduction in body size sometimes associated with 
inbreeding. This could be due to the general action of genes for the lack of 
vigor or merely the absence of genes for vigor. This, no doubt, could be a 
factor in cattle. Another way in which the genotype of the animal could be 
important is in the presence of specific genes conditioning various types of in- 
fertility. That this is the case with cattle is supported by the work of Nielsen 
(91), who inbred Red Danish cattle and obtained no decrease in fertility along 
with a reduction of fat yield, size, thrift and conformation. Kobozieff et al. 
(65), in a review of the literature, stated that inheritance may be the cause of 
malformations of the genitalia and of endocrine disfunction, including sterility, 
intersexes and hermaphrodites. The inbreeding results on Holstcin-Friesians 
from the Bureau of Dairy Industry (136) may be interpreted in the pme light. 
One sire, more than all others, had a low conception rate in his daughters, most 
of which were highly inbred. The work of other investigators indicates more 
specifically that at least several types of infertility are conditioned by specific 
gene action. Certain genes adversely affect both cows and bulls. Otliers are 
sex limited in their effect. In females, because of the severity of the abnor- 
malities caused, some are manifested at the time of breeding for the first preg- 
nancy. In other cases where the affliction is less the manifestation may not be 
detected until a later age. 


FEMALE INFERTILITY 

White heifer disease. This type of inherited infertility gets its name from 
the fact that it often is observed in white Shorthorns and perhaps also because 
it presumably was the affliction of the famous “white heifer that travelled.’' 
The name is non-descriptive and, therefore, unfortunate. Spriggs (114) pointed 
out that no single lesion is descriptive, and the commonest characteristics in 
the order of frequency are: (a) closed hymen or hymen persisting in varying 
degrees; (b) distention of one or both uterine horns, the uterine body being 
present in rudimentary form; (c) complete absence of cervix and anterior va- 
gina; (d) prominence of the Wolfian ducts; (e) presence of longitudinal sub- 
mucous channels in the vagina; (f) aplasia of one uterine horn. Boyd (11) 
suggested this form of infertility is a deficiency in the development in which 
the Mullerian ducts are inhibited. The difficulty usually is detected when the 
afflicted heifer fails to conceive. However, Boyd detected one case at 2 months 
of age. 
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The difficulties involved usually are considered adequate to prevent concep- 
tion. However, in England cases of this disease have been reported by Sprigg 
in which conception took place although the resulting parturitions were difficult. 
While the majority of cases have been reported in white Shorthorns, cases have 
been reported in roan Shorthorns by Hart (42) and Tutt (121), red Shorthorns 
and Angus by Hart, Holstein-Friesians by Fincher and Williams (31), and 
Sellers (107), and possibly in the buffalo (93). Since in Shorthorns the num- 
ber of reds and roans greatly outnumber the whites, it has been considered 
significant by Hutt (54) that this disease is associated most frequently with 
white Shorthorns. Hence, it has been concluded that linkage with a low per- 
centage of crossing over occurs between the gene for white (A") and the reces- 
sive gene for this type of infertility. Its infrequent presence in other Short- 
horns and in other breeds is accounted for by crossing over between the two 
genes on one of the autosomes. Becau.se onl}’’ females are involved, this is a 
case of sex-limited inheritance. 

Freemartm. While the cause of this infertility undoubtedly is chemical 
through a humoral agent (85), it should be noted here. The primary cause 
is the occurrence of bisexed twinning which is fraternal or dizygotic and has an 
inherited basis. The weight of evidence indicating an inherited basis for multi- 
ovular births of the order of twins and higher comes from studies of the repeti- 
tion of multiple birth with the same cow by several workers, including Pearl 
(94), Hayden (43), llutt (51) and Palalumbo (92), the difference in their inci- 
dence between herds, sire groups and coiv families by Johansson (58) and be- 
tween breeds by a large number of workers including Jewell (57), White et al. 
(127), Lush (79), Knott (64), Johansson (58), Koch (66), Ward, (124), Bon- 
nier (10), and Pfau et al. (95). The exact nature of the inheritance is un- 
known. llolze (46), however, claimed that twinning is due to the action of a 
sex-linked gene with dominant effect. Freemartins occur in approximately 91 
per cent of all bisexed twins and represent those developed in the same pla- 
cental membranes. The abnormal development consists essentially of an under- 
development of the Mullerian ducts and an over development (for a female) of 
the parts arising from the Wolfian ducts. The degree of maldeveloprnent varies 
tremendously from no observable external freemartin characteristics to cases 
showing the presence of a penis extruding from the position normally occupied 
by the vulva. Undescended testes were palpable above the udder. 

The early identification of freemartins consists of detecting a possibly abnor- 
mally large clitoris (117), underdeveloped mammary gland, a fold of skin ex- 
tending from rear udder attachment to navel, and the use of an ordinary test 
tube to detect the size of the vagina (29). Whereas a normal heifer will offer 
slight resistence to the passage of this tube, in a freemartin the tube can be in- 
serted only 3 to 3.5 inches before contacting the end of the urinogenital sinus. 

Adolescent infertility. Adolescence has been considered by some (4) to be 
that period beginning with the first estrous and extending to the time concep- 
tion is possible. This time of functional infertility has been observed in some 
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Other forms, and if it exists in cattle it explains some of the cases of temporary 
sterility commonly observed. That such cases exist is supported by the observa- 
tions made by Winters et al (134). From matinj^s made with heifers in their 
first or second estrous periods for embryological studies, a relatively large pro- 
portion of apparently abnormal ova were recovered. 

The existence of this form of infertility is suggested also by the classification 
of the three stages of sexual development in cows by Wille (128) as follows: 
(a) Maturation of the hypophysis (3-6 mo.), (b) Maturation of the ovaries 

(6-12 mo.). In north German breeds he found a regular estrous first estab- 
lished between 12-15 mo. (c) Maturation of the uterus. Full maturity is not 
reached until completion of skeletal growth towards the end of the third year. 
Therefore, it was considered that abortion during the first pregnancy may occur 
if the cow is bred too early. . Furthermore, the greater number of services per 
conception for cows bred for their first pregnancy in some breeds (87, 45) but 
not in others (6, 20) might be taken to indicate the operation of inherited factors 
causing adolescent infertility. No mode of inheritance is known. 

Ovarian hypoplasia {vnderdevelopmeni) . Gonadal hypoplasia may occur in 
both sexes and was found by Lagerlof (71) and Eriksson (28) in clinical ex- 
aminations of 178 herds of Swedish Mountain cattle containing approximately 
6000 cattle. The proportion of left sided, right sided and double sided hypo- 
plasia in females was 82.3, 3.3 and 14.4 per cent, respectively. In bilateral 
hypoplasia in the female, the whole tract is underdeveloped and the animal does 
not come into heat, thereby being completely infertile. The follicles were more 
or less underdeveloped. 

Most animals of the breed trace back to two bulls, according to Eriksson, one 
of which is thought to have carried the gene for hypoplasia. Owing to the wide 
use of hypoplastic bulls, the frequency of the gene for this affliction rose to 25.6 
per cent in 1935. An official slaughter program, started in 1937, reduced the 
frequency to 7.9 per cent in 1942. The incidence of the gene during the same 
period was reduced from about 0.72 to 0.40 per cent. The gene involved is be- 
lieved to be an autosomal recessive with a penetrance of 0.5654 in females. 

Oonadless, Some heifers are found with a virtual absence of ovaries. The 
ovarian tissue that was present (19-25 mo. age), possibly on only one side, re- 
sembled the ovary of a bitch. Other characteristics are the small uterus, cervix 
and vagina of an infantile genital tract but slightly larger than it was at birth. 
To all external appearances, the heifers observed were normal until breeding 
age was reached, at which time no heat periods were evident. Normal udder de- 
velopment was lacking because of the absence of the follicular and corpus luteuni 
hormones needed for its growth. This condition was observed in New York by 
Fincher (29) in three daughters of one cow, each daughter being sired by a dif- 
ferent bull. The cow had two normal daughters. One was a twin and one a 
full sister of two of the gonadless daughters. The cow, herself, was a double 
granddaughter of a famous brood cow. In the absence of additional cases, this 
condition appears to be inherited as an autosomal dominant. 
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Incompletely developed uterine horna. The typical effect in this abnormality, 
according to Fincher and Williams (31), is the failure of the Mullerian ducts 
to develop into uterine horns. The common results, therefore, were uterus uni- 
cornis, atresia of one or both horns at the base, uterus dideli)his (double uterus 
resulting from the arrested fusion of Miillerian bodies in caudal segments re- 
sulting in two distinct uteri), a persistence of the medial walls of the Miillerian 
ducts at the os uteri externum (two cervices), and a fibrous band over the cervix. 
Fincher and Williams (31) reported complete infertility in 56.5 per cent and 
virtual infertility in an additional 13 per cent of the inbred daughters of a 
Holstein-Friesian bull produced from his own daughters. Seven inbred sons 
were sold as breeders with one being returned as a non-breeder. It is assumed 
that the male infertility was due to a different cause and ascribable to mal- 
formed Mullerian elements which are rudimentary in the bull. Therefore, it is 
thought, that sex limited inheritance is involved. This appears to be a case of a 
single recessive autosomal gene of a sex limited nature. 

Female infertility, (a. Jersey and h. Holstein). Regarding as fertile any 
cow that gave birth to a calf following a normal gestation, the workers at the 
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California station (37, 80) studied the incidence of infertility from a qualita- 
tive standpoint. Any female, free from infectious diseases was considered in- 
fertile if she failed to produce a calf after repeated services to one or more fer- 
tile bulls. No trichomoniasis existed in the herd. The infertile females were 
examined by a veterinarian who classified the reproductive organs as normal or 
abnormal. The infertility found in Jerseys was found in females that mani- 
fested normal heat, indicating normal ovarian development as in the above cases 
described by Fincher and Williams (31) in Holstein-Friesians. The cases of in- 
fertility found in the California Holstein-PViesians show abnormal estrous cycles 
and usually complete absence of heat. Thus, the latter type is differentiated 
from the infertility found in the Jerseys of California and the incompletely de- 
veloped uterus. Two hundred sixty-six Jersey females by 16 different bulls 
were classified as to fertility. Those that were inbred had an incidence of in- 
fertility twice as great as those that were non-inbred (table 1). The 94 Hol- 
stein females by two different bulls classified showed an incidence of 5.63 per 
cent infertility among the inbred groups as compared to 4.54 per cent among 
the outcrossed group. 
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It is concluded that each of these types of infertility is due to a separate 
autosomal recessive {?ene and that the manifestation of the character is limited 
to the female sex. 

Tubular genHo^Ha, In a study on reproductive efficiency at the Kentucky 
Agricultural Experiment Station herd, Hull et al. (4!)) found a condition of 
tubular genitalia to prevail in the inbred daughters of one Jersey bull. • The 
vulva and cervix were especially constricted, resulting in difficult parturition 
following the first pregnancy. Surgery was resorted to in seven of the nineteen 
daughters calving. While this appears to be a character conditioned by in- 
heritance that affects fertility when considered in its broadest sense, the mode of 
inheritance is not known. 

Adiposity surrounding genitals. Newton (89) has reported that fat in the 
cows of quick fattening breeds such as Shorthorn, Hereford and Angus may 
cause infertility if it extends to the genital organs. Fatty deposits in the bursa 
prevent the ovary and fallopian tubes from maintaining close apposition, thus 
preventing ova from entering the fallopian tube. The condition can be deter- 
mined by rectal palpation. Its importance impinges on dairy cows, because it 
sometimes is present in cows which show no outward signs of excessive fat. 

MALE INFERTILITY 

Various types of inherited infertility in the male have been reported. They 
include hypoplasia of the testis, impotentia eoeundi, umbilical hernia, intersex 
and three different types of abnormal spermatogenesis. 

Testicular hypoplasia. Normal spermatogenesis does not occ'ur because of 
the underdeveloped epithelium in the seminal ducts. In cases of bilateral hypo- 
plasia, sperm formation is absent, but the, sexual desire is normal or above aver- 
age. A laboratory examination of Swedish Mountain bulls by Lagerlof (71) 
showed varying degrees of retardation. The clinical examinations made showed 
the proportion of left, right and double sided involvements to be 81.9, 3.6 and 
14.6 per cent, respectively. The difference found between males and females 
was not significant. The evidence for this affliction being inherited was estab- 
lished by Eriksson (28). Impotent bulls sired a larger percentage of impotent 
offspring than did normal bulls. By eliminating hypoplastic bulls, slaughtering 
some hypoplastic cows and selecting as herd bulls those not showing hypoplasia 
the disturbance was reduced from 16 per cent in 1937 to 7.9 per cent in 1942. 
Teunissen (119) found watery semen with an abnormal sperm count. This 
condition is caused by the same autosomal recessive gene that causes ovarian 
hypoplasia, the possible difference being of a sex limiting nature. In males, the 
penetrance is 0,43 as compared to 0.57 in females. The presence of hypoplasia 
also has been reported in cattle in the U. S. by Fincher et al. (30). 

Impotentia Coeundi. The inability to copulate in the male was found by 
de Qroot and Numans (19) to be caused by the failure of the sigmoid curve of 
the penis to straighten during erection. This S-shaped curve is located behind 
the scrotum (110). Its formation folds back about a foot of the penis in the 
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retracted state. The retractor penis muscles are continuations of the suspensory 
ligament of the anus. They come close together and pass on either side of the 
penis at the ventral curve of the flexure and end 5 to 6 inches posterior to the 
glans. 

This anomaly has been treated surgically in Holland where seven cases had 
been observed by 1937. Although the cure is complete, it results in disseminat- 
ing the causative genes. The number of cases increased to 24 by 1941, and it 
was found that 22 cases with complete pfjdigrees included one or both of two 
bulls with all but one case having a normal sire. The condition is thought 
by de Groot and Numans (19) to be caused by an autosomal recessive gene. 

Umbilical hernia. In the male an umbilical hernia may become a physical 
interference with the act of service, according to Williams (131), who indicated 
that this character definitely is associated with breeding elficiency. That um- 
bilical hernia is inherited was suggested by Murray (88) and is indicated by 
the data of Warren and Atkeson (125) who observed 21 cases in males with a 
common ancestor in three Idaho herds of Holstein-Friesian cattle. The case of 
one herniated female was thought to arise from non-hereditary causes. The 
mo«le of inheritance, while not definite, appeared to be that of a sex-limited 
dominent gene. In the Holstein-Friesian herd at the Minnesota Agricultural 
Experiment Station, five cases of umbilical hernia were observed by Gilmore 
(32) involving two males and three females, one of which was a freemartin. 
The condition appeared during the first month and persisted up to slaughter 
(at 8 months in one male) and was present in the females at 18 months. The 
five cases were sired by two unrelated bulls, but close relationship existed among 
the dams and grandams. If a dominant gene was responsible, the penetrance 
was low. 

Intersex. Six Brown Swiss bulls with normally developed secondary sexual 
characteristics were found by Yapp (140, 141) to be infertile. A histological 
examination of one showed the absence of functional tcsticle.s (one present in 
rudimentary form) and accompanying ducts. A normal female reproductive 
system, except for a portion of the vagina and vulva, was found. Three of the 
cases were by one bull, two of the three cases being full brothers. 

Keturned tails. This terminology was used hy Blake (8) to describe sperm 
that are abnormal with respect to their tails being turned back past the head. 
A marked degree of closeness was found between the observed sperm morphol- 
ogy and that predicted from pedigrees showing inbreeding to a bull, Z. Bulls 
having Z close up in their pedigrees on both sides were eight times as likely, to 
have returned tails as bulls not connected with Z for several generations back. 
That morphological characteri.stics of the sperm are affected by the bulls geno- 
type is evidenced further by the New Zealand work in which it was found pos- 
sible to distinguish smears made with semen from Jersey bulls as compared to 
Friesian or Shorthorn bulls. The criterion w^as the wider sperm head of the 
Friesian and Shorthorns as contrasted to the Jerseys. 

Semen qvaJliiy. Deakin (17) encountered a few bulls with apparently nor- 
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mal semen that had poor keeping qualities. Because ejaculates with high sperm 
counts tend to store better, it was suggested that there is a variation in the de- 
gree of toxicity of accessory gland secretions between bulls, and that selection 
of bulls for artificial insemination from strains producing semen high in sperm 
and “ neutral^ ’ accessory gland secretions might be helpful. 

Failure of spcmvai agenesis. That the scrotum functions as a thermo-regu- 
lator has been known for some time. The temperature within the testicles as 
measured .by Riemerschmid and Quinlan (101) remained within the narrow 
range of 34.7 to 37.8® C. In certain intcrsubgeneric crosses, the failure of 
males to undergo spermatogenesis has been considered to be due to excessive 
temperature within the seminiferous tubules. The inheritance seems to be that 
for the large testicle of the European (Taurus typicus) and the small scrotal 
sac from the other parent. Crosses in which this type of infertility has ap- 
peared are bison x domestic cattle (18), yak x domestic cattle (%) and yak \ 
zebu (142). 

LBTHALS 

In addition to the above described inherited effects on fertility itself, i e. 
conception, genes affecting the viability of the fetus prior to birth or of the 
organism after birth are important in the over-all reproductive efficiency The 
characters reviewed here are those that are associated with premature death 
under conditions of ordinary environment. No attempt has been made to sepa- 
rate sub-lethal and semi-lethal characters. 

Evidence for the existence of 26 gene-causing lethals is reviewed. The tis- 
sues primarily affected are cartilage and bone, muscle, epithelium and nerve. 
Fifteen come under the first class in which an attempt has been made* to ar- 
range them according to the similarities of 'the malformation. This is done to 
encourage workers to report other pertinent eases that will lead to a sharper 
line of delineation or to an elimination of some duplicating terms, as the case 
may be. An attempt is made to arrange them according to the tissue primarily 
affected. 

Several excellent reviews and check lists are available. In the order of their 
publication they are those by Hutt (52), Schiiper (104), Eaton (23), Lerner 
(74) and Shrode and Lush (109), 

Achondroplasia. The bull-dog calves of the Dexter breed m Ireland and 
England were described by Seligman in 1904 (106), who credited (Jerinan in- 
vestigators with having described similar calves as early as 1860. Not then 
known to be hereditary, the condition was observed to be extremely marked and 
constant. Affected calves were described as having short vertebral columns, 
inguinal hernia, thick and loose skin, head with extreme brachycephaly, rounded 
forehead bulging over a greatly depressed nose with projected mandible, long 
swollen tongues, cleft palate and legs about half normal in length. An abnormal 
thyroid, with increased vascularity and colloid commonly absent, also was de- 
scribed. This thyroid upset first led to the diagnosis of this disease as a cretin. 
The 21 cases out of 82 births (25.6 per cent) in two herds usually were aborted 



REPRODUCTIVE INEFFICIENCY ' 


79 


after death in the sixth to eighth month of pregnancy following a pronounced 
accumulation of fluid in the dam by the fourth or fifth month. Wilson (132) 
described the fate of the Dexter breed after establishment of separate herd 
books for both Dexter and Kerry cattle in 1890. He reported that 25 to 50 per 
cent of the offspring of Dexter parents were malformed. 

A black and white calf with similar symptoms was diagnosed in Minnesota 
by Nickerson in 1917 (90). Attention was directed to the similarity of con- 
genital achondroplasia in humans, and the condition in cattle accordingly was 
so classed. • Crew (15, 16) found a definitely smaller hypophysis in the com- 
pressed surroundings and concluded that the condition was due to malfunction 
of the hypophysis between the second and third month of pregnancy. He, ac- 
cordingly, ascribed the abnormal thyroid condition to hypofunction of the an- 
terior pituitary. It was further concluded by him that the associated anasarca, 
hydrocephalus and hydramnios could be caused by a posterior lobe deficiency 
which he found. In discussing this work, Pugh pointed out that the bull-dog 
calf is a non-viable form of achondroplasia, while the pug-dog and Dachshund 
were viable forms in which the head and limbs, respectively, were singly achon- 
droplastic without malformation of other parts. Crew used the term, achon- 
droplasia, as a group name to include such anomalies as micromelia, chondritis 
fetalis, osteogenesis imperfecta, pseudo-chondritis, cretinoid dysplasia, micro- 
melia chondromalacia, osteoporosis, periosteal aplasia and chondrodystrophia 
fetalis. Crew cited the suggested term of Kaufmann (1893), chondrodystrophy 
fetalis, as being more descriptive than achondroplasia, of the Dexter bull-dog 
condition of arrested bone formation in existing cartilage. Morch (86) pointed 
out that achondroplasia (chondrodystrophia fetalis) in humans always is inher- 
ited, always dominant and is produced rather frequently by mutation. A simi- 
lar condition occurs in the creeper fowl (Landauer and Dunn, 73), where the 
lethal period has been shown to begin with the fourth day of incubation. 

Against the above historical background, four types of achondroplasia will 
be reviewed. 

Achondroplasia 1 (chondrodystrophia fetalis). That Dexter cattle (brachy- 
dephalic and micromelic) are heterozygous for the incompletely dominant gene 
causing this condition and, therefore, segregate in a 1 : 2 : 1 ratio was suggested 
by Ilutt (52). The homozygous dominant one-fourth of the population are 
bull-dog, one-half are heterozygous and therefore Dexters, while the recessive 
one-fourth are normal-legged Kerry cattle. The causative gene in cattle, as in 
humans, appears to mutate frequently from the normal. The same abnormality 
has been described in Zux-Tillertal of Austria by Adametz (1), in a white-faced 
calf with solid body in Michigan by Downs (22) and in Jerseys in California 
(81). Four cases in British Priesians, reported by Berger and Tunes (7), were 
concluded to be of this form. 

Achondroplasia 2. Wriedt (137) described a condition in the Telemark 
cattle of Norway similar to the bulldog calf. However, it was more compatible 
with life, as affected calves usually are born alive after a gestation of normal 
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length. With the exception of one that lived 3 months, they die within a few 
days because of a respiratory obstruction causing asphyxiation. The recessive 
gene responsible was found also in grade Jerseys by Brandt (12) and Surrarrer 
(116) and in Guerneys by Brandt and by Winters (133) and in Ayrshires by 
Brandt. Weinkoplf (126) described a case in German Friesians. The 12 
cases described by Carmichael (13) probably should be classed here rather than 
as the dominant type (achondroplasia 1) on the strength of the statements 
that the Nganda cattle breed t^ue (therefore, not heterozygous), and that one 
affected calf lived a few hours. Apparently, it was carried full term. 

In one of the few cases in cattle where phenotypically similar characters are 
involved, critical matings were made by T. II. Riches and reported by Punnet 
(97), to find out if these two types of achondroplasia are caused by the same 
or different genes. A heterozygous Telemark bull was mated to eight Dexter 
cows with a resulting 24 normal calves and one mummy being produced. The 
normal calves were about equally divided between those with normal legs and 
those with Dexter-type legs. The conclusion that the characters in the two 
breeds were caused by two separate single autosomal genes was confirmed by 
segregation in the Fj progeny which included one Telemark and three Dexter 
monsters. 

Achondroplasia 3. This form of achondroplasia was described in California 
Jerseys by Gregory et al. (35). It is recessive but more variable in its expres- 
sion than the Telemark type and the gene involved has little, if any, effect on 
leg length. A lower grade achondroplasia than types 1 and 2 seems to be in- 
volved. Although they may die shortly after birth, one animal lived to be 
slaughtered at 14 months. In common with other types of achondroplasia, the 
affected calves can be distinguished at birth. The head is short with a wide 
cranial vault. The maxilla sometimes is shortened and the palate commonly is 
cleft. 

Achondroplasia i {Micromelia), This appears to be a lower type (higher 
viability) than that found by the California workers, with short legs and short- 
ened mandible the distinguishing characteristics. The existence of this particu- 
lar dwarfness is based on the appearance of three affected calves in the Jaroslav 
breed in Russia described by Ljutikov (78). They all descended from a high 
producing cow found in a peasant's herd. No physical defects were noted in 
any of her offspring, and because of her high production a program of inbreed- 
ing to her was developed. The three cases noted resulted from different de- 
scendants of this brood cow being mated, respectively, to a son, a grandson and 
a half-brother of this cow presumably, Zolataja (76). All cases had short legs. 
The lower jaws were shortened to different degrees. In the case of a twin, bull 
calf, the disproportion of jaw length was so great that, although it could drink, 
the calf could not eat grass and hay. Accordingly, death followed from a sec- 
ondary cause of failure to get along in the normal environment of cattle. In 
the other two cases, the shortening of the lower jaws was not enough to prevent 
them from eating any feed eaten by normal cattle. 
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When compared to his normal twin-brother, the most severely afflicted calf 


body lengrth 


that was 1.4 


(Zolatajax grandson) had a ratio, ^ , 

distance from knee to ground 

times the normal ratio. A plan to breed the sire of the twin bulls back to his 
daughters did not materialize. One breeding bull, Golden May, heterozygous 
for micromelia, sired 14 sons that were valuable for their production inheritance 
and, thus, could be the source of widespread dissemination of this gene. This 
is another case where the presence of a lethal gene along with genes for high 
production can mean its widespread dissemination, sometimes before it is de- 
tected. Micromelia has been described in chickens by Asmundson (5). 

Amputated (acroieriasis congenita). The rear legs may be absent from hock 
or may be normal. The pelvis is normal. The forelirnbs end with the arm or 
humerus. The elbow and fore arm are absent. The humerus and scapula 
(shoulder blade) are ossified to form a right angle. The upper jaw is under- 
developed and the lower jaw is almost completely absent giving a ‘‘parrot bill’’ 
appearance. Affected calves show hydrocephalus. The palate is cleft. The 
ears are short and unsj'inmctrical. The affected calves are usually dead at 
birth or they die shortly after birth. This condition is due to a recessive gene 
and has been found in Swedish Friesians by Wriedt and Mohr (139). Out of 
115 offspring sired by heterozygous bulls and out of daughters by heterozygous 
bulls, 102 were normal and 13 w'ere affected. This ratio is in close agreement 
to the expected 7 : 1 ratio of a character affected by a single recessive gene. A 
similar lethal has been reported in swine (61) and a less severe one in sheep (74). 

General ankylosis. The malformation of true or bony ankylosis is the ab- 
normal union of the bones of a joint (21). The fore legs mainly are affected. 
These conditions have been described for Friesians in Kussia by Ruzhevsky 
(103), in Germany by Stang (115) and in Jerseys in the United States by 
Spielman et al. (112), The descriptions of “flexed limbs” in Gir and Indo- 
Brazilian zebu cattle by Veiga (122) and of “curvature of the fore limbs” by 
Remmers (100) are of similar or identical character. If the same gene were in- 
volved in all cases, the expression is variable and may include muscular con- 
tracture, cleft palate, flexed spine, wry neck and internal abnormalities. Af- 
fected animals are dead at birth. The large number of cases described have 
resulted from inbreeding programs and, therefore, the appearance of a recessive 
gene involvement is given. 

Because of the observations both of Williams (129, 130) and Spielman et al. 
(112) that symptoms of “muscular” contracture were found in cases of ankylo- 
sis, the question is raised here as to whether or not these two characteristics are 
different manifestations of the same genes. 

Ankylosis of lower jaw. The lower jaw is ossified at its joint (region of the 
condyle and coronoid process of the mandible and the zygomatic process of the 
temporal bone). A shortening of the jaw also is found. This is caused by a 
recessive gene found in the Lyngdal breed of Norway by Mohr (82). 

Agnathia. This imperfect development or absence of the lower jaw was 
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found in one Aberdeen Angus calf, and in four Jersey males by Ely et al. (27). 
The mandible of one case carried full term consisted of osseous, soft and tooth- 
forming tissue so reduced in amount as to give the appearance of a jawless calf. 
The temporomandibular joints were ossified completely. A slight hydrocephalus 
was found. Wattle-like appendages 0.5x0.25 cm. were found located on the 
side of the head. Abortion may occur as early as 75 days. A recessive gene 
coming from two related herd sires is indicated. A somewhat different ease 
without wattles was described by Lalonde (72) in Quebec cattle, but nothing 
was reported on its inheritance. 

Impacted molars. This defect also has been called “parrot beak” by Snyder 
(111) because of the undershot or shortened lower jaw that results in a mouth 
with a flattened appearance. However, a similar term, “parrot bill” was used 
to describe an amputated calf and the term “parrot jaw” is listed as a defect 
with “slight to serious discrimination” on the score card of The Purebred Dairy 
Cattle Association (1943) as approved by the American Dairy Science Associa- 
tion. Accordingly, in judging dairy cattle, the term refers to an undershot 
lower jaw which is not lethal. 

Impacted molars, as first described by Heizer and Hervey (44) and later by 
Annett (3), consists of an impaction of the premolar teeth in the mandible. 
The interalveolar spaces are greater than normal. Both sides are affected simi- 
larly. The normal incisor teeth are normal. The jaws are normal except for a 
fracture on the left side apparently caused by the force of the impaction, a 
feature which apparently is characteristic. Affected calves are born alive but 
die during the first week. 

Both males and females are affected. The appearance of this character has 
been observed in over 100 Milking Shorthorns in Ohio and New Zealand. It 
has been concluded by Eanstead (98) that all affected animals trace bac^k to 
the same carrier. The condition of impacted molars is caused by a single reces- 
sive gene located on an autosome, with complete dominance of its allele 

Hydrocephalus. The condition described in cattle by Cole and Moore (14) 
is internal hydrocephalus in which the fluid is found in the cerebral ventricles 
upon autopsy. Contrasted to this type is external hydrocephalus, as found in 
swine (9), rats (47) and mice (38), in which the excess fluid is found outside 
the brain tissue. Internal hydrocephalus in cattle is accompanied by marked 
swelling and great enlargement of the ventricles of the cerebrum. The pressure 
developed was great enough to cause an enlargement of the cranial vault two to 
three times the normal size. Other abnormalities found in these calves were 
shortened humerus and femur bones and joints giving the appearance that pres- 
sure had been applied from the ends. The twisted femurs caused a wide pelvis 
that made parturition difficult. The abnormal humerus gave a twisted appear 
ance to the fore legs. Associated with this lethal were conditions for “asym- 
metry” (wry face) and “jumpy” (muscular incoordination). The limited data 
indicated that the three characters had independent inheritance, unlikely as is 
the chance for the presence of these three genes in one animal. The lethal, hydro- 
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cephalus, appears to be inherited as a single recessive and was found in a herd of 
Holstein-Friesians in Michigan where a bull was bred back to 15 daughters. A 
case of non-lethal hydrocephalus in the United States sired by a “ Durham bull 
out of a Jersey xHerford cow was reported by Ilouck (47). 

Cerebral hernia. Two affected Holstein-Fries^an calves were found by Sluiw 
(108) to have an opening in the skull involving a failure of complete ossifica- 
tion of the frontal bones with a possible involvement of the parietal bone. The 
opening thus resulting, with the absence of the meninges, permits the brain to 
protrude, causing a hernia. Such calves may be stillborn or die shortly after 
birth. A similar condition has been reported in humans (Catlin Mark) (33), 
swine (48) and mice (63), where it is inherited a recessive. 

Short spine. The vertebral column is shortened to about half the normal 
number of 13 ribs and corresponding thoracic vertebrae. The remaining ver- 
tebrae and ribs are fused. Calves are either stillborn or die shortly after birth 
due to suffocation during difficult birth with breach presentation. One case lived 
4 days. The gene responsible is inherited as a recessive and was found in the 
Oplandske breed of Norwegian mountain cattle by Mohr and Wriedt (84). 

Missing phalanges. The missing bones in this condition, described by Jo- 
hansson (59, 60) in Swedish cattle, were the first and second phalanges (pastern 
and coronary region, respectively). As a result, the hoof connects to metacarpal 
and metatarsal bones only by tendons and skin. The metacarpal and metatarsal 
bones were shortened considerably. Accordingly, the calf cannot stand but 
crawls on carpal joints and the hocks. Calves are born full-term and are other- 
wise normal. A recessive gene is thought to be responsible. 

Mummification. This causes a shortened neek, stiffened legs and prominent 
joints. It is thought to be associated with muscle contracture and fetal resorp- 
tion. The latter may be due to a separate gene. The majority of the mummi- 
fied fetuses are aborted during the eighth month of gestation. Some that ap- 
parently died during the eighth month were carried full term. This recessive 
lethal was found in Danish Red cattle by Loje (cited by Lerner 74). 

Lameness. The affected Danish Red calves found by Nielsen (91) were 
lame in the rear legs and could not stand, probably because of an affliction of 
the tendon and ligaments. All cases show the same symptoms. The affliction 
permits the calves to be born alive, but they only live 2-3 weeks under normal 
environment. The segregation of 294 affected calves by 39 bulls, from 213 
cows, including 36 cows with two lame calves each, did not agree with single 
factor inheritance, although all cases were traced to a single ancestor through 
both sire and dam. The maldevelopment was concluded to be caused by two 
complimentary genes. 

Muscle contracture. There is extreme rigidity of the neck and all limbs. 
The head is bent back. The fore and rear legs are drawn together toward the 
body. Parturition, accordingly, is difficult and in some instances assistance is 
rendered by dismembering the fetus. Calves are carried full term and die 
during birth or shortly afterward. The dams also may be permanently injured 
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or rendered sterile. This lethal is caused by a recessive gene. It has been 
found in Norwegian and Danish Red cattle by Mohr (82) . In the United States, 
five cases have been described in Holstein-Friesian herds of Northern Minnesota 
by Hutt (53). Muscle contracture also has been reported in sheep (102) and 
in swine (41). The suggested relationship between this character and ankylosis 
is given under the description of the latter character. 

Epitheliogenesis imperfecta neonatorum bovi$. This lethal reported by Had- 
ley (39) and Hadley and Cole (40) is a case of imperfect development of skin 
with death the primary result of septicemia which results from infecting bac- 
teria gaining entrance through the raw surfaces of the lesions. Characteristics 
of the abnormality are defective formation of skin below the knees and hocks, 
underdeveloped claws, ears deformed by rolling of the margins and growing to- 
gether and denuded muzzle and mucous membrane of the nostrils, tongue, hard 
palate and cheeks. Affected calves are carried to full term and are normal in 
size. The nature of the ear defect indicated the lesions antedated birth by sev- 
eral weeks. Fifty-five defective calves found in 18 herds all traced back to com- 
mon Holstein-Friesian stock and experimental matings indicated its inheritance 
to be a single recessive. The same condition has been found by Kroon and Van 
Der Plank (68) in Holland Friesians herds that had contained the ancestors of 
the Wisconsin defectives. It was reported in Montana Brown Swiss and pos- 
sibly Wisconsin Shorthorns (39), and in Jerseys by Regan et al, (99) and Wip- 
precht et aL (135), both of whom described the condition independently from 
cattle of common descent (26). Hutt and Frost (55) also have found a condi- 
tion in Ayrshires resembling that of the Friesians more closely than the Jersey. 
These authors suggested that the breed difference found by comparing the 
characteristics of the abnormality in Friesians and Jerseys with Ayrshires (and 
the Shorthorns) may be due to different genes or to an effect on the mutant 
gene by the genotype in which it operates. 

Fused nostrils (Abnormal skull). This lethal, causing the nasal passages to 
be fused, was found in the mountain breed of Croatia by llancic (56). The 
calves die at birth or shortly afterward because of respiratory difficulty. The 
skull was depressed abnormally between the eyes. This condition was thought 
by Krallinger (67) to be caused by a dominant lethal gene that is inhibited by 
a homozygous recessive gene. Thus, a biill heterozygous for the lethal and re- 
cessive for the inhibitor mated to cows recessive for the lethal and homozygous 
dominant for the inhibitor would produce approximately half abnormal calves. 
This conclusion of Krallinger is based on the results of llancic in which a bull 
sired 37 abnormal and 33 normal calves which is almost a 1 : 1 ratio. 

Atresi ani Calves with an imperforate anus are bom alive and may live 
for several days. They do not survive surgery. Both affected males and fe- 
males have been found in cattle of the Ganjam district in India by Kuppu- 
swami (69). One hundred and five cases have been reported. A case has been 
observed in Minnesota Holstein-Friesians by the reviewer, but in this instance 
it was not established as being inherited. Similar lethals are found in swine 
(74). ^ 
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Hypotrichosis congenita {hairless). Such calves have no hair on the body 
except on the muzzle, eyelids, ears, pasterns, switish, umbilicus and external 
genitalia. Fuzz instead of normal hair is present on the rest of the body. 
The hair follicles, normal in number, are under-developed and, accordingly, 
at birth the calf has an apy)earance similar to that of early embryonic de- 
velopment. The sweat glands, however, are over-developed in affected areas. 
Calves are born alive but usually die a few minutes after birth. In two reports 
calves lived for several months. It is caused by a recessive gene. It was 
found in Svredish Friesians by Mohr and Wriedt (83) and Johansson (59) and 
in German Friesians by Eisele (25). In the United States it was found in 
“Durhams^* by Surrarrer (116). 

Congenital spasms. Affected calves are born alive and live for a few weeks. 
They have intermittent spasmodic movements of head and neck, usually in a 
vertical plane. When forced to stand they exhibit spasms in both fore and rear 
legs which hampers either standing or walking. Spa.sms are neither initiated 
nor intensified by noise or shock. While they live, they appear vigorous and 
have good appetites. It is inherited as a recessive and was traced through 10 
generations of grade Jerseys by Gregory et al, (36). 

Congenital dropsy. This abnormality was found in Swedish Lowland cattle 
by Johansson (59) wbo quotes the earlier work of Larsson. The wide range in 
variation of characteristics includes the accumulation of water in the subcutane- 
ous tissues and in the thorax and abdomen. There also is much fluid in the 
head and neck. Affected calves are carried from 5 months to full term with a 
pronounced dystocia when the gestation exceeds 200 days. When carried full 
term thej' are born alive. An affected fetus may weigh two and one half times 
the normal. A recessive gene is involved. 

Ljutikow*s lethal. This lethal was named after its discoverer (75), and re- 
sults either in abortion, stillbirth or in death shortly after birth. No specific 
cause of death was ascribed, and no gross abnormalities were noted. It was 
found in 14 per cent (200) of the 1423 calves studied in the Swiss, Friesian, 
Allgauer and Shorthorn herds located at the Alma- Alta, Kinel, Pogrom and 
Timiriazeo Station of the U.S.S.R. This corresponds to a 7 ;] ratio expected of 
a recessive gene segregation where the mating of heterozygous sires to their 
daughters was practiced. 

From the same group of herds, a total of six monsters appeared. Contrary to 
some reviews, no evidence for an inherited cause was established. At least three 
of the monsters were characterized by having short legs Avith underdeveloped 
hoofs. The affected hoofs were from a front and a diagonal rear leg. The hoof 
either was not cloven or only mildly so. 

Sex-linked lethal 1, Andreesen (2) rests his ease in Angeln cattle on a low 
sex ratio. The progeny of 77 female lives gave 5302 males and 6594 females. 
This ratio of 44.57 per cent was considered a significant deviation from the ex- 
pected to establish a lethal condition occuring in the male fetus. The calving 
interval also was longer for females assumed to carry the gene. 
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Sex-linked lethal 2. Evidence for the existence of a lethal causing a statisti- 
cally significant greater loss in males than females was found in the Minnesota 
Agricultural Experiment Station Holstein-Friesian herd by Hunsaker and Gil- 
more (50). Three times as many males as females were dead at birth or died 
within a few days after birth. The differential loss was associated with cow 
families and with sire lines. The validity of the comparison was enhanced by 
comparing offspring of a three-generation sire line thought not to carry the re- 
sponsible gene, with offspring of members of two other sire lines assumed to 
carry the gene for the lethal character. The sires in the first line were used 
more or less alternately with bulls of the other two lines. The mode of sex 
linked or sex limited inheritance is not yet clear. A recessive gene is suspected 
because of the inbreeding practised. This lethal is assumed to be different from 
the one reported by Andreesen (2). 

Sex-linked lethal 3, In a Bussian Swiss herd, Ljutikow (77) found a pre- 
ponderance of males in some sire lines. With a total sex>ratio of 53.7 per cent 
males, the offspring of six bulls (including a sire, two sons and a grandson) gave 
a ratio of 61.5 per cent as compared to 50.4 per cent for the get by eight other 
herd bulls. This preponderance of males is explained by the presence of an 
autosomal gene lethal in heterozygous form in female and non lethal in the male 
(a dominant inhibitor on the Y-chromosome). It was postulated further that 
YA sperm are less viable than XA sperm. 

The most generally recognized long-time effective treatment is the elimination 
from breeding stock of the genes responsible for undesirable characters. The 
general distribution of undesirable genes by otherwise great sires is well illus- 
trated by Wriedt (138), who pointed out the economic disadvantage of using 
bulls carrying lethal-producing genes. The importance of testing bulls suspected 
of carrying undesirable genes is indicated. 
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METHODS OF APPROACHING THE PROBLEM OF INFERTILITY^ 

J. F. SYKES 
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In the preceding? discussions of infertility, the reader must have been impressed 
by the absence of concrete information which would enable dairymen to prevent 
or correct reproductive disturbances in cattle. While there is considerable in- 
formation on the effect of genetic, pathological, nutritional and physiological 
factors on reproductive processes, the applicability of this information to the 
problem of infertility, as it is seen under farm conditions, has not been deter- 
mined with any degree of certainty. 

It has been shown, for instance, that several nutritional deficiencies interfere 
with reproduction under experimental conditons. These marked deficiencies 
do not occur frequently under practical conditions, however, and usually the 
condition of the animal indicates that its general nutrition was at fault before 
disturbances in reproduction are evident. How important then are the so-called 
marginal nutrient deficiencies as factors in infertility ? This lias not been deter- 
mined. In the pathological field, for example, vaginitis is a condition that occurs 
very frequently in cattle, yet the causative organism is unknown. Moreover, 
neither the factors which predispose to the occurrence of vaginitis nor its actual 
importance as a cause of infertility have been determined. Many similar ex- 
amples could be cited. 

In the first place, therefore, the whole problem of infertility seems to snff(‘r 
from a lack of a critical experimental approach in many instances, and a great 
deal of detailed experimental work will Be necessary in the various fields of study 
before much progress will be made. The need for adequate controls already 
has been mentioned in the discussion by Asdell (1). Every control that can be 
devised should receive adequate consideration because of the multiplicity of the 
factors that appear to affect reproduction. It would seem particularly important 
to have disease-free units, in which groups of cattle are maintained free from 
contact with other cattle. In so far as possible, groups should be studied under 
comparable conditions of season, environment and management. 

Another important phase in the study of infertility is the need for more 
specific definitions and also for more numerous and detailed criteria for evalu- 
ating the effects of experimental procedures. 

Some agreement on what constitutes infertility should be reached. Many 
criteria, including viability of the calf after birth, parturition difficulties, and 
others, have been used in the past as measures of fertility. In most instances, 
it would seem that the essential reproductive processes are reasonably normal if 
a living offspring is born. The actual fecundity, i.e. the ability to produce viable 
ova and sperm, would seem to be an even more adequate measure of actual 
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Cattle at the 43rd Annual Meeting. ^ 


92 



PBOBIiBM OP INFERTILITY 


93 


fertility. While it may be necessary to be somewhat arbitrary, some general 
agreement on a definition of infertility should be reached. 

In this connection, the development and general acceptance of some index of 
fertility should be attempted. At present reliance is placed largely on services 
per conception or percentage of pregnancies for evaluating fertility. This is not 
always satisfactory. With this criterion, it is difficult to assess the contribution 
of a completely infertile animal to the population being studied, and it fails to 
take into account those animals in which conception actually occurs but in which 
development of the fertilized eggs does not proceed to the point where pregnancy 
can be detected. An index similar to that proposed by Williams (3) and more 
recently used by Spielman and Jones (2) should be suitable for this purpose. 
With an index of this sort and by using dam and daughter comparisons or other 
criteria, a better measure of the ability of sires or cows to transmit good repro- 
ductive performance might be obtained. The inclusion of these data along with 
production data on pedigrees might be quite useful. 

Lack of adequate criteria by which the effects of experimental techniques 
can be judged more accurately and in more detail is largely a result of insufficient 
basic physiological data. We have no adequate information on hormone levels 
in the blood of cattle nor on the effects of the various hormones on ovulation, 
spermatogenesis and activity and function of the various parts of the reproduc- 
tive tract. Similarly, we have only scattered information on the histological 
and histocheraical reactions of the various parts of the reproductive tract under 
various conditions and on the effects of these on sperm transport, fertilization, 
implantation and subsequent nourishment of the fetus. This state of affairs has 
arisen partly because of lack of suitable methods with which to attack the prob- 
lem, Methods for quantitative analysis of hormones, an accurate method for 
the detection of ovulation, and means of following changes in the various parts 
of the reprodiictive tract are among the methods which must be developed if this 
basic information is to be obtained. 

The specific problems on which work must be done in the various fields are 
very numerous. While it appears that basic physiological data are of prime im- 
portance in that progress in other fields will be restricted until means for making 
a detailed analysis of the responses of the reproductive organs is available, no one 
field of study need have absolute priority. Many of these studies could be car- 
ried concurrently. As a beginning at least, the following types of problems in 
the various fields of work are suggested as being among those which would give 
a fundamental understanding of the factors affecting reproduction. 

Physiological studies 

1. Development of chemical or biological methods for the quantitative esti- 
mation of hormones in the blood of (*attle and of methods for determining 
secretion rates. 

2. Detailed histological and histochemical studies on the various parts of 
the reproductive tract at all stages of development and under a variety of physio- 
logical conditions. 
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3. Studies on the factors affecting hormone levels and secretion rates, and 
variations in the different parts of the reproductive tract. 

4. Studies on the underlying principles affecting ovulation and sperma- 
togenesis by correlating hormone levels or other factors with these functions or 
by studying the responses to administered hormones. 

5. The effects of changes in the reproductive tract on fertilization, implan- 
tation and subsequent nourishment of the embryo, livability and transport of 
sperm. 

6. Studies of effect of season and environment on reproductive organs and 
on above reactions. 

Pathological studies 

Attention should i)robably de directed now to what are called the ^‘non- 
specific’* organisms and abnormalities, particularly vaginitis. 

1. Surveys to determine incidence and relation to infertility. 

2. Study of causative organism of vaginitis. 

3. Inoculation experiments with organisms from infertile cows. 

4. Studies to determine conditions which predispose to the in%asion and 
pathogenicity of organisms. 

5. Studies on the relation of heredity, nutrition, management and environ- 
ment on resistance to disease. 

Genetic studies 

1. If it is not agreed that inheritance is an important factor in sterility, 
a further survey of available literature and a thorough study of existing records 
would help to settle this point. 

2. Establish herds of liigh and low^ fertility by inbreeding or other means. 

3. Studies on the above herds concerning hormone levels, disease resistance, 
nutritive requirements and other factors as they are related to infertility. 

4. Surveys and investigations to determine whether high production is com- 
patible with fertility and to determine the conditions whieli contribute to this 
discrepancy, if it exists. 

Nutritional studies 

1. Controlled studies on the effects of marginal deficiencies of specific nu- 
trients on infertility. 

2. Studies on effect of energy intake uncomplicated by specific deficiencies 
on reproduction. 

3. Surveys of existing data and experiments to determine the effects of 
varying rates of growth. 

4. The relation of the above factors on resistance to disease, hormone levels 
and other possible variables. 

This work must be done largely with cattle. While experiments with labora- 
tory animals can give important leads and, when done in conjunction with 
similar work with cattle, may reduce the numbers of cattle necessary for con- 
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elusive results, adequate experimentation with cattle must be done. Therefore, 
progress will be time-consuming and costly. 

Organization of the work on a co-operative basis, therefore, would seem very 
desirable. The rearing of animals under experimental conditions and their 
, subsequent placement on selected farms where their lifetime performance could 
be studied would multiply greatly the number of animals which could be studied 
and generally increase the number of factors which could be investigated during 
a given time inteiwal. The establishment of a large central laboratory adequately 
staffed and financed by Federal and State funds and by the breed organizations 
should be considered, and inter-institution co-operation should be undertaken 
at every opportunity. Artificial-insemination units can play a large part in this 
program. These groups provide the only adequate set-up for studying the effects 
of various factors on reproduction in the bull. Work on this phase of the 
problem should be restricted largely to these groups, and every encouragement 
should be given to them to include a broader experimental approach in their work. 

Where co-operative work is undertaken the interested parties should agree 
as to the priority of problems, the experimental design and the technics to be 
used for evaluation. Indeed, agreement on these latter items on an even wider 
basis and the establishment of technical guidance committees would be a highly 
advantageous step in the proper direction. It is only by an intensive, highly 
co-ordinated program that reasonably rapid progress will be made in solving the 
problem of infertility. 


REFEKKNCES 

(3) Asdell, S. a. Hormones and the Treatment of Sterility in Dairy Cattle: A Review. J. 
Dairy Sfd., 32: 45-59. 1949, 

(2) Spielman, Arless, and Jones, I. B. The Ecproductive Efficiency of Dairy Cattle. J. 

Dairy Sci., 22; 329-334. 1939. 

(3) Williams, W. L. A Standard for Measuring the Bejjroductive and Dairying Efficiency 

of Dairy Cattle. Cornell Vet., 9; 204-233. 1919. 



ASSOCIATION ANNOUNCEMENT 


PAPERS FOB THE 1949 ANNUAL MEETING OP THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

The annual meeting of the American Dairy Science Association will be held • 
June 21 to 23, 1949, at the University of Minnesota, University Farm, St. Paul. 
All members who are planning to present papers should submit the title of 
their paper accompanied by an abstract of not more than 200 words not 
later than March 15 to the chairman of the program committee of their re* 
spective section. The committee chairmen are as follows: 

Extension Section: 

G. Heebine 

West Virginia University 
Morgantown, West Virginia 
Manufacturing Section*. 

E. M. Barker 
Rochester Dairy 
Rochester, Minnesota 
Production Section: 

L. A. Moore 

Bureau of Dairy Industry 
Agricultural Research Administration 
Washington, D. C. 

The general program committee feels that in order to make it possible for 
more members to participate in the program no member should present more 
than two papers. No title will be considered that is not accompanied by a suit- 
able abstract. It also is hoped that more contributions will be received from 
senior staff members and from the laboratories of industry. 

Because of the difficulties encountered in showing slides, it is recommended 
that each speaker distribute mimeographed copies of his data, together with a 
brief summary of his paper. 

OFFICERS AND COMMITTEES OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

ASSOCIATION OFFICERS 

W. E. Peteesen, Minnesota, President 

G. M. Teout, Michigan, F. E. Nelson, Iowa, 

Vice President Journal Editor 

P. R. Ellsworth, Ohio, 

Acting Seoretary-Treasurer 

ASSOCIATION DIRECTORS 

C. Y. Cannon, Iowa p. h. Tracy, IllinoiB 

H. B. Hbndbbbon, Georgia p. B. Elukeb, Oregon 

S. J. Brownell, New York j. H. Hilton, North Carolina 

P. F. Sharp, California 


96 



OFFICERS AND COMMITTEES 


97 


ASSOCIATION COMMITTEES 

BOBDEK AWABD COMMITTEES 

Man^tfacUmrig 

B. E. Gk)ODALE, South Carolina, Chairman 
1. A. Gould, Maryland n. H. Sommeb, Wisconsin 

Production 

G. M. Cairns, Maryland, Chairman 

Glen Salisbury, Illinois Lane Moore, Beltsville, Maryland 


RESOLUTIONS COMMITTEE 
A. A. Spi ELMAN, Connecticut, Chairman 
H. B. Henderson, Georgia C. P. Fountains, Kansas 

A. J. Morris, Utah Floyd Arnold, Iowa 


nominating committee 
Warren Gifford, Arkansas, Chairman 
P, H. Tracy, Illinois Otto Hill, Washington 

E. G- Hood, Ottawa C. G. Bradt, Cornell 

program COMMmPEE 
P. H. Tracy, Illinois, Chairman 

J. B. Fitch, Minnesota L. A. Moore, Beltsville, Maryland 

Gerald IIeebink, West Virginia E. M. Barker, Minnesota 


P. R. Elliker, Oregon 
G. II. Wise, loua 


journal management committee 
T. K. St TTON, Ohio, Chairman 

F. E. Nelson, ix-ofjicloy Iowa 
P. R. Ellsworth, ex - officio ^ Ohio 


II. S. Willard, Wyoming 


auditing COMMITOKE 
W. J. Brakel, Ohio, Chairman 

R. N. Kennedy, Ohio 


necrology committee 
1>. M. Skath, Kentucky, Chairman 

Don dosEPiisoN, Pemisylvania J. P. Lamastek, South Carolina 


honors COMMIITEE 
J. A. Nelson, Montana, Chairman 
Fordyce Ely, Ohio P. H. Tracy, Illinois 


AMERICAN FEED MANUFACTURERS AWARD COMMITTEE 

J, G. Archibald, Massachusetts, Chairman 
R. B. Becker, Florida K, R. Morrow, New Hampshire 


OFFICERS AND COMMITTEES OF THE EXTENSION SECTION 


C. W. Beeves, Florida 
Vice-Chairman 


section officers 

G. Heeiunk, West Virginia, Chairman 

Ray Albrkctsen, Ncav York 
Seen tar If 


SECTION COMMITTEFS 

Program Committee 
G. Hekbikk, West Virginia, Chairman 
Ray Albrkotsen, New York C. W. Reaves, Florida 

H. R. Searles, Minnesota 

Dairy Pecorde Committee 
J. D. Burke, Now York, Chairman 

E. J, Stallard, Wisconsin Bruce Hamilton, Georgia 

C. R. Gearhart, Pennsylvania 



98 


JOURNAL OP DAIRY SCIENCE 


J.JJ Club Committee 
H. A. WiLLMAN, New Yerk, Chairman 
H. G. Began, Missouri Ralph Porterfield, Marylaad 

L. A. HiooiNS, Mississippi II. B. Searles, Minnesota 

Teaching Methods Committee 
Hilton Boynton, Now Hampshire, Chairman 
L. H. Rich, Utah L. O. Colebank, Tennessee 

Ralph Wayne, Minnesota 

JOINT COMMITTEES OF THE PRODUCTION AND EXTENSION SKCTIONP 
Breeds Belations Committee 
Chairman from Production Section 

Floyd Arnold, Iowa Lynn Copeland, Tennessee 

E. C. Schkidenhelm, New Jersey 


Cattle Health Committee 
Chairman from Production Section 

C. J. Bradt, New York William Walker, Connecticut 

Joe Nageottb, Pennsylvania 


Dairy Breeding Committee 
E. J. Perry, New Jersey, Chairman 

George Parsons, Michigan Joe Taylor, Pennsylvania 

Type Classification 
J. W, Ltnn, Kansas, Chairman 

G. G. Gibson, Texas N. B. Nichols, Washington 

OFFICERS AND COMMITTEES OF THE MANUFA(TrRINO SECTION 

SECTION OFFICERS 

E. M. Barker, Minnesota, Chairman 
D. V. JosEPHSON, Pennsylvania J. IT. Hetrick, Illinois 

Vice-chairman Secretary 


SECTION committees 
standing Committee on Milk and Cream 
D. V. JosEPHSON, Pennsylvania, Chairman 
Burdett Heineman, Missouri D, J. Hankinson, Massachusetts 

Standing Committee on Butter 
G. H. Wilster, Oregon, Chairman 

D. K. Howe, Nebraska C. Jensen, North Dakota 

Standing Committee on Dairy By products 
H. C. Teblogan, Washington, D. C., Chairman 

E. C, Elting, Washington, D. C. B. H. Webb, Washington, I). C. 

Standing Committee on Standardization of the Tests of Dairy 
Alkalies and Methods of Beporting Besults 

C. W. England, Maryland, Chairman 

D. H. Jacobsen, Chicago, Illinois C. M. Moore, Ohio 

Standing Committee on Products Judging 
G. M. Trout, Michigan, Chairman 

P. A. Downs, Nebraska H. G. Herzer, Mississippi 

E. O. Anderson, Connecticut C. J. Babcock, Washington, D. C. 

Standing Committee on Standardizing Methods for ConduoHng 
all Phases of Babcock Testing 
G. H. Wilster, Oregon, Chairman 

L. M. Lampebt, California D. R. Robichaux, Chicago, Illinois 



OFFICERS AND COMMITTEES 


99 


OFFICERS AND COMMITTEES OF THE PRODUCTION SECTION 


SECTION OFFIGBRS 


L. 

G. M. Cairns, Mar^’land 
Vice-Chairman 


A. Moore, BuliHville, Maryland, Chairman 
L. O (iiLUOKE, Ohio 
Secretary 


G. H. Wise, Iowa 


D. L. Foust, Idaho 


SECTION COMMITTEES 
Program Committee 

L. A. Moore, Belisville, Maryland, Chairman 
G. M. Cairns, Maryland 


Breeds Belations Committee 
Tl, A. Herman, Miasouri, Chairman 

W. W. Yapp, lUinois 


1>. M. Seath, Koiitucky 


Dairy Cattle Breeding Committee 
J. Ti. Ta^sh, Iowa, Chairman 

G. R. Barett, Wisconsin 


W. D. PotiNDKN, Ohio 


[a. O. Gtumorb, Ohio 


Dairy Cattte Ilealih Committee 
W. hi. IM'tfksen. Miiim^sotu, Chairman 

R. E. IIORWOOD, Michigan 

Type Classification Committee 
W. J. Tyler, West Virginia, Chairman 

A. A. Spielman, Connecticut. 


Pasture Investigation Technique Committee 
R. H. Lush, Tennessee, Chairman 

J. B. Shepherd, Beltsville, Maryland W. B. Nevknb, Illinois 


Dairy Cattle Judging Committee 
S. M. Halisbi^ry, Ohio, Chairman 
R. E. Johnson, Connecticut D. L. Fourt, Idaho 




Journal of Dairy Science 


Volume XXXII February, 1949 Number 2 


THE GAS REQUIREMENTS OF MOLDS. V. THE MINIMUM OXYGEN 
REQIREMENTS FOR NORMAL GROWTH AND FOR GERMI- 
NATION OF SIX MOLD CULTURES^* ^ 

D. D. MILLERS and N. 8. GOLDING 

Division of Dairy ffvshandry, AgricuUvre JSxperiment Station, 

State College of Washington, rnllman 

Most people assume that molds require abundant oxyjren for growth, because 
molds usually are seen growing on the moist surfaces of substances. This, in a 
very general way, is correct but establishes no idea of the amount of oxygen 
required for normal growth or the amount required for germination of the many 
species of molds. The effect of the temperature and solubility of oxygen is even 
less understood. 

The purpo.se of this study was to determine the minimum oxygen required 
for normal growth and the minimum oxygen required to permit germination of 
six pure cultures of mold in the jirescnce of nitrogen and the almost complete 
absence of carbon dioxide. Since both temperature and gas pressure change the 
solubility of oxygen in the medium, several variations in both of these factors 
were included. 

LITERATURE 

The literature pertaining to much of the work on the gas requirements of 
molds has been reviewed by Golding (7, 8). The available literature on the 
oxygen requirements of molds is limited, with many research workers assuming 
that abundant oxygen is required for normal growth (5, 6, 11, 12). However, 
there is available work which shows that various species of molds can grow in 
very limited supplies of oxygen (1, 3, 16, 17, 18, 19). In several cases molds 
have given good growth in oxygen concentrations of less than 1 per cent (2, 
4, 13, 15). 

In a previous paper, Golding (9) has shown that the effect of carbon dioxide 
on the growth of various molds must be based on the solubility of carbon dioxide 
in the medium or mycelium. He also has shown that possibly a similar inter- 
pretation may have to be given to the effect of oxygen concentrations on molds. 

Received for publication July 23, 1948. 

1 Published as Scientific Paper no. 784, College of Agriculture and Experiment Stations, 
Institute of Agricultural Sciences, State College of Washington, Pullman. 

*3 American Dairy Association Research Grant and in cooperation with the Washington 
State Dairy Products Commission. 

3 The experimental data in this paper are taken from a thesis submitted by the senior 
author in partial fulfillment for the degree of Master of Science in Agriculture, 1948. 
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MATERIALS AND METHODS 

Cultures. The following cultures from previous studies (8, 9) were used: 
Aspergillus flaviis d, Aspergillus nigvr 14, Penicillium expansum 69, Oospora 
lactis in, and Pcniclliutn roqucforti 311. Penicillium notatum NRRL^ 832 also 
was used. This latter mold was purified by the usual pour plate technique (8), 



Fia. 1. The iritemul apparatus in each incubator. 


usinpf Dif(fO malt acar as the medinm. These species were chosen because of their 
wide difference in physical characteristics and temperature requirements, and 
because of their economic importance iu food spoilage and in various manufac- 
turing processes. 

The same batch of Difeo malt aj.'ar was used throughout for all plates and 
* Northern Bcgional Bcfscarch Laboratory. 


OXYGEN REQUIREMENTS OP MOLDS 


103 


slants used in all experiments. The cultures of mold for inoculation of the 
plates were grown on malt agar slants at approximately 75® F. for 10 days. 
The preparation and inoculation of the plates were identical with the previous 
studies (7, 8, 9). After inoculation, which required approximately 1 hour, the 
plates were inverted, placed in their respective incubation chambers and incu- 
bated for a 7 day period. 

Incubation. The same battery of incubators was used as in the previous 
studies (7, 8, 9). Figure 1 shows the internal apparatus in each incaibator. 
The temperature of each incubator was controlled by a thermostat C. To allow 
either a vacuum or a pressure under which to grow the molds in the incubation 
chamber, 8-quart (All-American Queen) pressure cookers D 'were used, each 
being fitted with an inlet E and an outlet F which allowed pressure rubber 



Fig. 2. A cross-section drawing of each cooker. 


tubing connection. A pressure-vacuum gauge G was fitted to the outlet con- 
nection F. Figure 2 shows a cross-section drawing of each cooker 1). In the 
bottom of each cooker /), a pyrex bowd H was placed containing saturated am- 
monium sulfate solution which controlled the humidity inside the cooker Z> at 
approximately 80 per cent. A similar method of humidifying has been used 
in previous studies (8). A perforated glass tubing 1 was so constructed as to 
be attached to the inlet E by rubber tubing, and thereby allowed the gas to 
bubble through the saturated ammonium sulfate solution before being a part of 
the gas supply of the cooker D. 

Preceding the inlet E, a series of bubbling bottles J were placed and the 
gas used was bubbled continuously through 5 per cent sodium hydroxide solu- 
tion to remove the carbon dioxide. Thus, the gas used contained a mixture of 
oxygen and nitrogen at a constant composition during the 7-day incubation 
period. Gas analysis established this composition. 
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Two tested thermometers K were placed one on either side of the cooker D 
and read and recorded each morning and evening. The average reading of 
these thermometers was considered as the temperature of incubation for the 
period. Each cooker was surrounded by a wooden box L to shield the cooker 
from the heating source. The slight variations in temperature from day to 
day seldom exceeded 2° F. 

Control of gas supply. Figures 3 and 4 show the arrangement which al- 
lowed a continuous circulating system of gas supply by the use of a gas reser- 
voir M and a Kelvinator refrigerator pump N. The gas reservoir was a 24 
cubic foot cylindrical tank in which the desired oxygen concentration was ob- 



Fig. 3. Gas storage and circulation equipment. 


tained by the use of air and dry nitrogen. A pressure of at least one atmosphere 
above the desired pressure in the cookers was maintained in this reservoir. By 
the use of a reducing valve 0, the desired pressure in the cookers was regu- 
lated. Seamless copper tubing P carried the gas from the reservoir to the 
cookers and back through the refrigerator pump into the reservoir. An oil 
trap Q preceded the reservoir. This system gave a continuous flow of a de- 
sired concentration of gas over the inoculated petri dishes. To maintain the 
same gas concentration inside the petri dishes as was in the remainder of the 
cooker, it was found necessary to vary the pressure inside the cookers. This 
was accomplished by placing a roller R on a cam and gearing down so that the 
cam rotated once each 40 seconds. The roller cut off the gas supply by pres- 
sure on the rubber tubing which connected the reducing valve to the seamless 
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copper tubing. The method caused a fluctuation ranging from 10 to 20 mm. 
pressure above the plates each 40 seconds. Preliminary tests proved that such a 
condition gave more uniform growth between the same culture in different petri 
dishes under like conditions. 

Gas analysis. The gas flowing through the system was analyzed every 
other day during the growth period. A Burrell-Haldane cabinet model gas 
analysis apparatus was used. The average of all analyses during the growth 
period was taken as the concentration of gases for that experiment. 

Measurement of colony. The measurement of colony was identical with a 
previous study (8). 



Fig. 4. Gas pressure control apparatus. 


Expression of growth. Graphs were obtained by plotting the millimeters of 
growth as the ordinate and the volume of oxygen at normal temi)erature and 
pressure soluble in 1000 volumes of water as the abscissa (fig. 5). The milli- 
meters of growth were obtained by interpolation from growth curves (14) simi- 
lar to those used in previous studies (8, 9). It was assumed that the volume of 
oxygen soluble in the culture medium was the same as its solubility in water. 

The volumes of oxygen at normal temperature and pressure soluble in 1000 
volumes of w^ater were obtained by the following formula ; 

mm. pressure partial oxygen volumes oxygen 

less vapor pressure absorption at N.T.P. soluble 

pressure of oxygen coefficient .. mnn in 1000 volumes 
760 100 (10) of water 
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Example: Oospora lactis grown at 75° P. and 0.312 per cent oxygen showed by 
interpolation from growth curves a diameter of 48 mm. The average pressure 
during growth was 694.2 mm. mercury. 

Thus . r X X 0.02886 x 1000 = 0.080 volumes oxygen at 
760 100 N.T.P. soluble in 

1000 volumes of water 


EXPERIMENTAL 

Figure 5 shows the effect of dissolved oxygen in water on the growth of six 
species of molds at various pressures. The figure shows that there is no sig- 
nificant difference in rate of growth between approximately 0.5, 1 and 2 at- 
mospheres pressure, and that the effect of inhibition of growth is dependent 
upon the volume of oxygen dissolved in water. In air the volume at normal 
temperature and pressure of oxygen soluble in 1000 volumes of water ranged 
from 22.1 at 0.5 atmosphere and 85° F. to 132.9 at 2 atmospheres and 55° P. 
All six molds reached their normal growth in air at all temperatures before the 
volume of oxygen at normal temperature and pressure reached one part soluble 
in 1000 volumes of water. Therefore, for simplicity the curves are not ex- 
tended beyond that concentration in this paper, but are completed in the 
thesis (14). 

The optimum growth of the six cultures of mold were as follows: 0. lactis, 
85° F. ; P. roqueforti, 77° P.; A, flavus, 90° P. ; A. niger, 93° P.; P. expansvm, 
76° P. ; P. notatum, 75° P. Since each culture had approximately the same 
break in the curve at all growing temperatures at a given oxygem solubility 
(a function of temperature and pressure), only the 75° P. growth curve for 
each is given. 

0, lactis was not inhibited significantly until the oxygen supply w’as below 
0.3 volumes soluble in 1000 volumes of water. This culture still showed growth 
in 7 days when the volume of oxygen soluble in 1000 volumes of water was too 
small to measure by analysis. 

1\ roqueforti was inhibited significantly when the dissolved oxygen reached 
approximately 0.78 volumes of oxygen soluble in 1000 volumes of water. No 
germination in 7 days was recorded at approximately 0.08 volumes of oxygen 
soluble in 1000 volumes of water. 

A, flavus was inhibited significantly at approximately 0.38 volumes of oxy- 
gen soluble in 1000 volumes of water. No germination in 7 days was obtained 
when 0 volumes of oxygen soluble in 1000 volumes of water were used. 

A. niger was inhibited significantly at approximately 0.56 volumes of oxygen 
soluble in 1000 volumes of water. No germination in 7 days was obtained at 
0.01 volumes of oxygen soluble in 1000 volumes of water, 

2\ expansum was inhibited significantly at approximately 0.56 volumes of 
oxygen soluble in 1000 volumes of water. No germination in 7 days was ob- 
tained at approximately 0.04 volumes of oxygen soluble in 1000 volumes of 
water. 
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Oxygen Volume (N.T.P) Soluble in 1000 Volumes of Woter ' 

Fio. 5. The effect of dicaolyed oxygen on the growth of molds at 75* F. 
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P. notatum was inhibited significantly at approximately 0.8 volumes of oxy- 
gen soluble in 1000 volumes of water. No germination in 7 days was obtained 
at approximately 0.06 volumes of oxygen soluble in 1000 volumes of water. 

The various curves show that the amount of dissolved oxygen required for 
inhibition of growth varies from 0. lactis as the lowest to P. roqueforti as the 
highest. The sequence of the six cultures was 0. lactis, A. flavus, A. niger, P. 
expansum, P. notatum and P. roqueforti. 

DISCUSSION 

From the data presented, it is shown that when the growth of molds is not 
restricted due to lack of oxygen, pressures of 0.5, 1 and 2 atmospheres do not 
significantly influence growth. It is seen that the oxygen supply must be quite 
low before any restriction of growth of the molds takes place. When this re- 
duction occurs, the oxygen requirement of molds is dependent upon the dis- 
solved gas in the medium or mycelium and not directly with the composition 
of oxygen in the gas above the medium. Where restriction of growth occurs 
due to low oxygen, the supply of this gas to the mold is influenced by the ab- 
sorption coefficient and Henryks law. These data verify the previous study (9), 

Workers who study the effect of oxygen and possibly other gases on mold 
growth at various temperatures and pressures must convert their data to terms 
of dissolved gases rather than using the data on the gas composition above the 
medium. Otherwise, the resulte obtained will be useful only where exactly the 
same temperature and atmospheric conditions exist. 

The amount of dissolved oxygen used in this experiment ranged from 132.9 
to 0 volumes of oxygen at normal temperature and pressure soluble in 1000 
volumes of water. No appreciable effect was noted on any of the six cultures 
used until the volume of oxygen was below 0.8 volumes of oxygen soluble in 
1000 volumes of water. Therefore, the amount of dissolved oxygen required 
for normal growth of various species of molds is exceedingly low. 

There is a noticeable difference in the oxygen requirements of different spe- 
cies of molds. Of the six cultures used in this experiment, P. roqueforti showed 
the greatest amount of inhibition of growth at low volumes of dissolved oxygen. 
Inhibition of growth began at 0.8 volumes of oxygen soluble in 1000 volumes of 
water. 0. lactis, on the other hand, did not show appreciable inhibition of 
growth until 0.3 volumes of oxygen soluble in 1000 volumes of water was reached. 
The other four cultures ranged between these extremes. 

The amount of dissolved oxygen required for germination at temperatures 
which give growth in a 7 day period was extremely low for the cultures studied. 

O. lactis showed appreciable growth when the dissolved oxygen content was too 
low to measure by the Burrell-Haldane gas analysis apparatus. All cultures 
germinated at a dissolved oxygen content above 0.08 volumes of oxygen soluble 
in 1000 volumes of water. 

CONCLUSIONS 

1. The oxygen requirements of 0. lactis, P. roqueforti, A. flavus, A niger, 

P. expansum and P. notatum were studied at various percentages of oxygen 
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above the inedium at various temperatures aud pressures. It was found that 
the inhibiting effect of reduced oxygen is in prox)ortion to its solubility and 
not directly in proportion to the composition of the gas above the medium or 
mycelium. Pressures between 0.5 and 2 atmospheres in air do not affect the 
oxygen requirements of the cultures studied. 

2. No inhibitory effect on any culture was noted until the dissolved oxygen 
was below 0.8 volumes of oxygen at normal temperature and pressure soluble 
in 1000 volumes of water. 

3. Complete stoppage of germination of any culture for 7 days was not ob- 
tained until the dissolved oxygen content w^as below 0.08 volumes of oxygen at 
nofmal temperature and pressure soluble in 1000 volumes of water. 0. lad is 
showed appreciable growth when no measurable oxygen was present. 

4. There is a significant difference in the oxygen requirements of different 
species of molds. Of the six cultures studied, 0. lad is required the least oxygen 
and P. roqueforti the most. 
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DETERMINATION OF NITROGEN IN MILK BY DIRECT 
NESBLERIZATION OF THE DIGESTED SAMPLE 

J. H. ITETRICK AND 11. M. WHTTNKYi 
Dtan Mtllc Company, Kockford, lUinoia 

Interest in the changes in the protein fractions present in milk due to both 
season and treatment made it necessary to develop a rapid method for the deter- 
mination of nitrogen. The macro and even the semi-micro methods presented 
in the literature were not sufficiently rapid to allow for a large* enough number 
of determinations to yield the information desired. 

HISTORICAL 

Since the inception of the Kjeldahl (7) method for the determination of 
organic nitrogen, a large amount of research has been done, broadening its ap- 
plication and improving its technique. It has been applied on a macro, semi- 
micro and micro scale in innumerable iiLstances. An excellent review and 
bibli(»graphy of the work has been supplied by Bradstreet (8). This method 
long has been used in the determination of nitrogen in dairy products and is 
cmj)loyed as the official method of the Association of Official Agricultural Chem- 
ists (2) As outlined in the macro scale, it is time-consuming, especially when 
fractionation of the organic nitrogen components of milk is desired. Rowland 
(10) and Menefee and Clverman (9), in recognizing this, have developed semi- 
mi(To methods which have r(»duced considerably the time re(|uired for a deter- 
mination. However, even these methods require fairly long digestion time and 
additional time for distillation and titration of the ammonia formed. When 
small amounts of ammonia are present in the sample or when micro samples are 
used, advantage has been taken of the Nessler reaction in place of titration. In 
the majority of cases (5), the Nessler reagent was added to the distillate or to 
a solution of ammonia obtained by aspirating air through the digested solution 
and into distilled water, in order to eliminate interferences present in the sample. 
However, in the cases of blood and urine (8), direct nesslerization of the digested 
mixture has been employed. Kieferle and Gloetzl (6) applied direct nessleriza- 
tion to the serums obtained in the study of the action of a large number of pre- 
cipitants upon the milk proteins. The work presented in this pajier consists of a 
further investigation and modifi<*ation of their technique and its application to 
the study of the organic nitrogen constituents of milk, 

METHOD 

Reagents: 

(a) NHs-free water : Prepare by redistilling distilled water in a 2-1. all-Pyrex 
glass still in the presence of 10 ml. of concentrated H2BO4. The distillate 
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should be tested according to the following procedure and discarded if 
it contains any NH3, as indicated by the test. 

K2SO4, low nitrogen content. 

H2SO4, C. P., low nitrogen content. 

H2O2, 30 per cent. 

Gum acacia solution 2 per cent w/v : Dissolve 2 g. of good-quality pow- 
dered gum acacia in NHa-free water in a 100 ml. volumetric flask and 
make up to volume. Add 1 ml. of CCI4 as a preservative. This solu- 
tion should be clear and should be discarded when turbidity develops. 
Nessler’s Reagent: Dissolve 50 g. of KI, C.P., in 35 ml. of cold NHa-free 
water and add a saturated solution of HgCU, C.P., until the orange pre- 
cipitate formed persists. Add 400 ml. of an approximately 9 N NaOH 
solution (360 g, of NaOH, C.P., in 1 1. of NHa-free water) and dilute the 
resultant solution to 1 1. with NHa-free water. This solution should be 
allowed to stand for several days before use, in order for equilibrium to 
be established. 

Standard NH4CI stock solution (1 ml. o 1 mg. N) : Dissolve 1.9090 g. 
of NH4CI, C.P., in NHa-free water and dilute to volume in a 500 ml. 
volumetric flask. Before using, dilute this solution further with NHa- 
free water so that 1 ml. c= O.Oj mg. N. 

(h) KaCrjOr solution 1 per cent w/v: Dissolve 1 g. of KaCraOr, C.P., in dis- 
tilled water and make up to 100 ml. 

Apparatus: 

(a) Weight pipettes with weighing cross, if liquids are used. 

(b) Analytical balance and weights. 

(c) Micro-Kjeldahl digestion rack. 

(d) Micro-Kjeldahl flasks, calibrated to contain 50 ml., if it is desired. 

(e) Glass beads, washed with concentrated H2SO4 and thoroughly rinsed with 
NHa-free water. 

(f) Small measuring spoon, to contain approximately 0.4 g. of K2SO4. 

(g) Spectrophotometer with accessories (Coleman-Model 11). 

(h) Standard calibrated glassware. 

Permanent color blank. Transfer a measuring spoonful of K2SO4, 0.5 ml. of 
concentrated H2SO4, one glass bead and 12.5 ml. of NHa-free water to each of 
five micro-Kjeldahl flasks and digest on the rack for exactly 3 minutes after the 
appearance of SO3 fumes. Cool and add three drops of 30 per cent H2O2, being 
sure that it falls directly into the liquid in each flask. Digest for exactly 3 
minutes more, cool to room temperature, dilute with NHa-free water, add 1 ml. 
of 2 per cent gum acacia solution and make up to 50 ml. with NHa-free water. 
Transfer 10 ml. aliquots to test tubes and place the tubes in a thermostat at a 
convenient temperature ±: 1.0® C. (in this study the temperature selected was 
23® C.). Add exactly 2 ml. of Nessler’s reagent to each tube and measure the 
percentage transmission on the spectrophotometer at 420 mfi 10 minutes after 
the addition of the reagent, using distilled water as a blank. These values should 
not deviate from each other by more than the instrumental error* 


(b) 

(c) 

(d) 

(e) 


(f) 


(g) 
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To a series of test tubes containing 10 ml. of distilled water, add 0.1, 0.2, 0.3 
and 0.5 ml. of 1 per cent K2Cr207 solution and measure the percentage trans- 
mission at 420 nifi on the spectrophotometer, using distilled water as a blank. Plot 
the percentage transmission against the concentration of KaCr^O? on semi-log 
graph paper, and from the curve obtained, determine the concentration of K2Cr2()7 
necessary to yield the same percentage transmission as the average of the 
reagent blanks. * Figure 1 illustrates this process. Make up a K2Cr207 solution 
of this concentration to use as a permanent color blank. The required strength 
of this solution will vary with the nitrogen content of the reagents used. For 



Fiq. 1. Belationship between percentage trausinisHiou at 420 xn^ and coiftentratioii of 
KsCr^Ot solution. 


comparison purposes, the solution used in this study consisted of 6.0 ml. of 1 per 
cent K2Cr207 diluted to 600 ml. 

Standard curve of percentage transmission vs. niirogen concentration. 
Transfer a measuring spoonful (^0.4 g.) of K2SO4, 0.5 ml. of concentrated 
H2SO4 and one glass bead to each of a series of ten micro-Kjeldahl ilasks con- 
taining 2, 6, 8, 10, 11, 12, 13, 14, 15 and 16 ml. of the standard NH4CI solution 
(1 ml. o 0.01 mg. N), and proceed as in the determination of the reagent blank 
with the exception that the percentage transmission is measured at 420 mfi with 
the E2Cr207 permanent color blank as a reference in place of distilled water. 
Plot the percentage transmission values obtained against the number of milli- 
grams of nitrpgen per 50 ml. of digested solution as indicated in figure 2 
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Analytical procedure. Transfer approximately 1 g. of milk, weighed ac- 
curately in a weight pipette on an analytical balance, to a 500 ml. volumetric 
flask and dilute to the mark with NHa-free water. A 12.5 ml. aliquot of this 
solution then is transferred to a micro-Kjeldahl flask. The procedure used in 
establishing the standard curve is followed except that the solution should fade 
from a dark-brown to a straw-yellow before the timing of the 3 minutes of addi- 
tional digestion is begun. From the value obtained for the percentage trans- 
mission at 420 m/i on the spectrophotometer, the amount of nitrogen present in 



the aliquot used can be determined from the standard curve. This value in turn 
can be used to calculate the percentage nitrogen in the sample. 

RESULTS 

The Relationship Retween the Wave Length and the Percentage Transmission 
of Light by Solutions of the Nessler Reagent-Ammonia Complex. The percent- 
age transmission vs. the wave length curves obtained vary considerably, depend- 
ing upon the particular Nessler reagent used, the amounts of various reagents 
present, the concentration of ammonia present, the temperature of color develop- 
ment and the manner of addition of the reagents. This is believed to be due to 
the colloidal nature of the colored complex formed. These various factors would 
influence the size and composition of the particles formed. No attempt was made 
to study these phenomena in detail, but sufficient preliminary work was done to 
e^tabliiA the dependence of the color obtained upon the above factors. For the 
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Fiq. 3. Pem'ntaRo transmission vh. wave length curves for the Xessler reagent ammonia 
complex at various eoneentrations. 



%To 

Fig. 4. vs. wave length curves for the Nesslcr reagent-anirnonia complex at various 

concentrations. 
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particular method in this paper, the percentage transmission vs. wave length 
curves obtained with distilled water as a blank are given in figure 3 for several 
concentrations of ammonia. A decided shift in the minimum transmission to- 
ward longer wave lengths with increasing concentrations of ammonia can be 
noted. When this data is plotted as the logarithm of the quotient obtained by 
dividing the percentage transmission for the solution containing no added am- 
monia by the percentage transmission of the solution containing added ammonia, 
vs. the wave length, the curves in figure 4 are obtained. These curves all show a 
maximum at 420 m/i which indicates the point of maximum absorption for the 
Nessler reagent-ammonia complex. It also may be noted that the colored com- 
plex does not follow the Bouguer-Beer-Lambert Law, since the absorption is not 
a linear function of the concentration. The wave length of this maximum will 
be a function of the Nessler reagent used and therefore, for the most accurate 
work, should be determined by each investigator for the Nessler reagent that 
he uses. 

Effect of concentration of Since Self (11) observed that ammonia 

TABLE 1 

Efect of conccntralion of KsSO^ vpon the nitrogen mhies obtained by direct Neeslerisation 

(0^S44 g. sample of milk) 


Sample no. 

Wt. K,.S04 

TransmisHion 
(420 mu) 

Concentration 

Nitrogen 


(ff-) 

(%) 

(mg. K/JiO ml.) 

(%) 

1 

0.0000 

32.9 

0.1070 

0.463 

2 

0.1989 

32.9 

0.1070 

0.463 

3 

0.4024 

31.6 

0.1115 

0.482 

4 

0.6024 

31.8 

o.ino 

0.480 

5 

1.0000 

40.0 

0.0870 

0.376 


was lost during digestion when the ratio of K2SO4 to H2SO4 used was favorable 
for the formation of the acid sulphate, it was thought wise to check the effect of 
variations in the concentration of K2SO4 used upon the amount of nitrogen ob- 
tained by this method. Therefore, five separate analyses were made on the same 
sample of milk with varying amounts of K2SO4. The results are given in table 1. 

Sample 1, to which no K2SO4 was added, did not become straw-yellow until 
after the addition of 30 per cent H2O2. Sample 5 solidified in a hard cake and 
sputtered badly upon addition of 30 per cent H2O2. These results indicate that, 
as long as the amount of K2SO4 added is not less than approximately 0.4 g. nor 
more than approximately 0.6 g., satisfactory results can be obtained. Therefore, 
the use of a measuring spoon is sufficiently accurate for the addition of K2SO4. 
Smaller amounts should be avoided because of the difficulty in obtaining complete 
digestion. Larger amounts may cause loss of ammonia due to acid-sulphate form- 
ation. 

Effect of concentration of H 28 O 4 . In order to determine the accuracy with 
which the concentrated H2S04 must be measured so that it does not influence the 
results of the test, four complete analyses were made of the same sample of milk 
to which varying amounts of concentrated H2SO4 had been added. The results 
are given in table 2. 
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TABLE 2 

Effect of concentration of upon the nitrogen values obtained by direct Nesslcrisation 

(fiM44 g. sample of milk) 


Sample no. 

Vol. H2SO4 
(cone.) 

Transmission 
(420 my,) 

Concentration 

Nitrogen 


(ml) 

(%) 

(mg. N/50 ml.) 

(%) 

1 

0.1 

89.0 

0.0112 

0.048 

2 

0.3 

32.1 

0.1095 

0.474 

3 

0.5 

31.8 

o.ino 

0.480 

4 

0.7 

31.9 

0.1105 

0.478 


From these figures, it can be seen that from 0.3 to 0.7 ml. of concentrated 
H 2 SO .1 is sufficient for complete digestion of the sample. Sami)le 1 behaved 
similarly to sample 5 in the above series. 

Effect of quantity of 30 per cent HtOg. To determine the limits within which 
the amount of H 2 O 2 added must be controlled, four complete analyses were made 
of the same sample of milk to which varying amounts of 30 per cent H 2 O 2 had 
been added. Table 3 shows the results of this study. 

TABLE 3 

Effect of quantity of 50% HgOa used upon the nitrogen values obtained by direct N esslerizaiion 

(0.9344 g. sample of milk) 


Sample no. 

30% HA 

Transmission 
(420 mg) 

Concentration 

Nitrogen 


(No. drops) 

(%) 

(mg. N/50 ml.) 

(%) 

1 

0 

32.0 

0.1090 

0.472 

2 

1 

32.4 

0.1085 

0.470 

3 

3 

32.0 

0.1090 

0.472 

4 

5 

32.0 

0.1090 

0.472 


Apparently the amount of 30 per cent H 2 O 2 is not an important factor in the 
determination. However, since in all Kjeldahl digestion procedures encountered 
in the literature additional catalysts or oxidizing agents are used, it was thought 
desirable to retain the use of HoOg as an additional precaution against incomplete 
digestion, even though in this sample it was not necessary. 

Effect of concentration of gum acacia. When no protective colloid, such as 
gum acacia, is used, the ionic strength of the solution to which the Nessler re- 
agent is added is so high that turbidity develops in the sample. In order to 

TABLE 4 

Effect of concentration of gum acacia upon the nitrogen values obtained by direct Nesslerisation 

(0.9844 g. sample of milk) 


Sample no. 

Vol. 2% 
gum acacia 

Transmission 
(420 mg) 

Concentration 

Nitrogen 


(ml.) 

(%) 

(mg. N/50 ml.) 

(%) 

1 

0.0 

31.0 (turbid) 

0.1120 

0.485 

2 

0.5 

32.3 

0.1085 

0.470 

3 

1.0 

32.0 

0.1090 

0.472 

4 

1.5 

31.4 

0.1110 

0.480 
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check the effect of the concentration of gum acacia upon the nitrogen values ob- 
tained by the direct nesslerization method, four analyses of a sample of milk 
were made with additions of varying amounts of 2 per cent gum acacia solution. 
The results are shown in table 4. 

Prom these values, it can be seen that 0.5 ml. or more of 2 per cent gum 
acacia solution is necessary in order to prevent turbidity. There is some in- 
dication, although it is within the limits of experimental error, that the gum 
acacia contains some free ammonia. However, slight errors in measurement 
of the volume of 2 per cent gum acacia will not affect the results seriously. 

Effect of Nessler reagent. Several different formulae for the preparation of 
Nessler reagent appear in the literature (8, 6). However, only two were tested 
in this work. The procedure described by Kieferle and Gloetzl (6) was used 
first, but, after preliminary investigation, the reagent described in “The Stand- 
ard Methods for Examination of Water and Sewage'^ (1) was selected due to 
its ease of preparation and sensitivity. This selection is not to be interpreted 
to mean that the reagent described by Kieferle and Gloetzl is not satisfactory, 
but merely indicates the authors’ preference. The preliminary work also in- 
dicated that wide variations in the character of the color developed could be 
expected with variations in the concentration of Nessler reagent relative to that 
of the other ingredients. 

Effect of temperature on color development. In preliminary work, difficulty 
was encountered in reproducing precentage transmission vs. concentration curves 
on successive days, especially when the room temperature had changed notice- 
ably. Therefore, the effect of temperature upon the color developed was in- 
vestigated with solutions of four different concentrations of NH4CI at three 
different temperatures each. Figure 5 shows the results obtained. The values 
for the 0.00 mg. N sample were determined with distilled water as a blank, while, 
for the other concentrations, the KgCrgO; permanent color blank was used. 
.Since the accuracy of temperature control was only dt C., no conclusions 
should be drawn concerning the form of the function expressing the relation- 
ship between the intensity of the color and the temperature of color development. 
Straight lines have been drawn connecting the values obtained as a first approxi- 
mation in order to estimate the tolerance permissible in temperature control. 
Since the accuracy of reading the percentage transmission is ± 0.5 per cent, the 
temperature should be controlled to at least zt 1® C. 

Effect of time of color development. Preliminary work indicated that the 
intensity of the color increases with the time of color development. In order to 
determine the most desirable time and the accuracy to which it should be con- 
trolled, several solutions of different concentrations of NH4CI were made up in 
the manner employed in the establishment of the standard curve and the per- 
centage transmission measured at time intervals. Figure 6 gives the results 
of this study. The color appeared to increase in intensity throughout the 24- 
minute period during which it was followed. Therefore, 10 minutes was selected 
as a convenient time interval for color development. From the curves, it can 
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be seen that it is necessary to control this time to ±: 3 minutes for the lowest con- 
centration and to ± 6 minutes for the highest. 

BeproducibiUty of Results and a Comparison with Values Obtained by a 
Modified Kjeldahl-Gunning-Arnold Method. Several analyses of two different 
milk anmplM by the method outlined in this paper and by a macro Kjeldahl 
method were made. The macro method used was the Kjeldahl-Gunning-Arnold 



TEMPERATURE 

PiO. 5. Effect of temperature of color development on percentage transnuBsion at 420 mu 
of the Nessler reagent-ammonia complex at various concentrations. 

method outlined in the Official and Tentative Methods of Analysis of the Associa- 
tion of Official Agricultural Chemists (2) with the following modifications. Sel- 
enized granules were added as an additional catalyst in the digestion procedure, 
and a boric acid solution containing the mixed indicator, methyl-red and methyl- 
ene blue, as described by Menefee and Overman (9), was used as a receiver for 
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the ammonia in place of standard 0.1 N HCl. The ammonia collected then was 
titrated with 0.1 N HCl to the original gray color of the indicator. These results 
with their standard deviations are found in table 5. 



Fig. 6. Effect of time elapsing after Nosslcnzation on percentage transmission at 420 iiiji 
of the Nessler reagent-ammonia complex at various concentrations. 

The percentage deviation for each test from the mean of its series was cal- 
culated for the values obtained by direct nesslerization. The optimum standard 

deviation for these percentage deviations, defined as o « was calculated 

to be 1.52 per cent of the mean nitrogen value. By applying the table for the x* 
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function (13) and the formula, x® * ^ it was found that, with 90 per 

cent certainty, the true standard deviation, cr® would not be greater than dz 1.98 
per cent of the mean nitrogen value. Prom this figure for the true standard de- 
viation and probability tables, it is possible to predict, with 90 percent certainty, 
that nine times out of ten the results of a single analysis will fall within the limits 
of dz 3.25 per cent of the true nitrogen value of the sample. Therefore, the 
test may be considered sufficiently reproducible for all but the most exacting work. 
When compared to the results secured by the modified Kjeldahl-Gunning- 


TABLE 5 

Comparison of direct N esslerization method with modified KjeldahhGunning- Arnold 
method for the deierminaiion of nitrogen in the same milk sample 


Sample no. 

' no. 

Direct NessleriKation 

Macro Ejeldahl 

Nitrogen 

Deviation 

Nitrogen 

Deviation 


(%) 


(%) 


1 

0.491 

-0.007 

0.512 

+0.0005 

2 

0.490 

-0.008 

0.511 

-0.0005 

3 

0.508 

•tO.OlO 



4 

0.510 

f0.012 



5 

,0.495 

-0 003 



1 () 

0.508 

+0 010 



7 

0.495 

-0.003 



8 

0.505 

+0.007 



9 

0.495 

-0.003 



10 

0.480 

-0.018 



Mean 

0.498 

±0.008 

0.512 

±0.0005 

Standard 





deviation 

±0.009 




1 

0.482 

-t 0.007 

0.491 

+0.005 

o 

0.480 

i 0.005 

0.481 

-0.004 

3 

0.472 

-0.003 

0.486 

-0.000 

4 

0.472 

-0.003 



2 5 

0.475 

0.000 



G 

0.471 

-0.004 



7 

0.475 

0.000 



8 

0.475 

0.000 



Mean 

0.475 

±0.003 

0.486 

±0.003 


Standard 

deviation +0,004 


Arnold method, direct nesslerization yields results which are approximately 2.5 
per cent low', on the average. By employing the Student’s *‘t” fumdion, 




*!■ n2S®2 


and consulting appropriate tables (12), this observed 

Ui + n2 


difference is found to be significant. However, this deviation is within the ex- 
perimental error of a single determination and, therefore, would not constitute 
a serious objection to the method. No explanation for this deviation has been 
established as yet, but Erdmann (4) has observed that some of the nitrogen 
present in certain organic materials is converted to the amines instead of to 
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ammonia. These amines would be titrated as ammonia in the Kjeldahl-Gunning- 
Arnold method, but would not develop the same color with the Nessler reagent. 
This may account for the discrepancy between the results of the two methods. 

SUMMARY 

A rapid method for the determination of nitrogen in milk by direct nessleriza- 
tion of digested sample has been described. 

The effect of the variables involved in the test has been investigated and their 
tolerance established. 

When compared with a modified Kjeldahl-Gunning-Arnold method for the 
macro determination of nitrogen, the method yields results which are approxi- 
mately 2.5 per cent low on the average, but are within the experimental error. 

The method yields reproducible results which are sufficiently accurate for 
all but the most exacting work, with a considerable saving in time and reagents 
when compared with other methods currently in use. 

ACKNOWLEDGEMENTS 

The authors wish to acknowledge the aid of Mr. Jo.spph Tobias, Department 
of Food Technology of the University of Illinois, in confirming some of the data 
presented. 

REFEBENCES 

1. American Public Health Association and American Water Works Association. 

Standard Methods for the Examination of Water and Sewage, 9th Ed. New York, 
N. y. P. 65. 1946. 

2. Association or Official Agricultural Chemists. Official and Tentative Methods of 

Analysis. 6th Ed. Washington, D. C. Pp.,26-28. 1945. 

3. Bradstreet, B. B. a Review of the Kjcldahl Determination of Organic Nitrogen. Chem. 

Rev., 27; 331-350. 1940. 

4. Erdmann, 0. C. On Alkylamines as Products of the Kjeldahl Digestion. J. Biol. Chem., 

8: 41-55. 1910. 

5. Folin, O., and Farmer, C. J. A New Method for the Determination of Total Nitrogen 

in Urine. J. Biol. Chem., 11; 493-501. 1912. 

6. Eieferlr, F., and Gloetzl, J. Beitrage zur Kenntnis des Rcststickstoffs dcr KuhmUeh. 

Milchw. Forsch., 11: 62-118. 1930. 

7. Kjeldahl, J. En ny Methode til Kvaelstofbestemmelre i organiske Stotfer. Medd. Carls* 

bergLab., 2; 1-27. 1883. 

8. Koch, F. C., and McMeekin, T. L. A New Direct Nesslerization Micro-Kjcldahl Method 

and a Modification of the Nessler^Folin Reagent for Ammonia. J. Am. Chem. Soc., 46: 
2066-2069. 1924. 

9. Menefee, S. G., and Overman, O. R. A Semi-micro-Kjeldahl Method for the Determina- 

tion of Total Nitrogen in Milk. J. Dairy Sci., 23; 1177-1185. 1940. 

10. Rowland, S. J. The Determination of the Nitrogen Distribution in Milk. J. Dairy Re- 

search^ 9; 42-46. 1938. 

11. Self, P. A. W. An Unrecognized Source of Error in the Kjeldahl-Gunning Method for the 

Determination of Nitrogen. Pharm. J., 88 : 384-385. 1912. 

12. Tbbloab, a. E. An Outline of Biometric Analysis. Burgess Publishing Co., Minneapolis 

Minn. Pp. 146-X52. 1936. ’ 

13. WORTHWO, A. Q., AOT) 6Eri>NBB, J. Treatment of Experimental Data, lat Ed. John 

Wiley & Sons, Inc., New York, N. Y. P. 320. 1943. 



SOME PHYSICAL AND CHEMICAL PROPERTIES OF BOVINE SALIVA 
WHICH MAY AFFECT RUMEN DIGESTION AND SYNTHESIS' 


J. T. BEID* AND C. P. HUFFMAN 
ImUtute of tfutrition and Dairy Department, Michigan State College 

The early studies of Pavlov (25) placed grreat si{?nificance on the role of 
saliva mainly as that of a watery secretion. Although it generally is accepted 
that the high water content of saliva is a digestive aid as a lubricant, solvent 
and medium, other constituents and properties of saliva appear to be of equal 
importance in rumen digestion. Doubtless some of these substances and prop- 
erties exert an influence on the activity of rumen flora and fauna. 

Scheunert and Trautmann (30) found that the water content of parotid and 
mandibular saliva of sheep ranged from 98.75 to 98.90 per cent and 99.0 to 99.6 
per cent, respectively. The submaxillary saliva of the cow (19) and the parotid 
saliva of the buffalo (33) were found to contain 99.11 and 99.15 per cent water, 
respectively. 

The following figures were reported for the pll of saliva of several ruminant 
species: buffalo, 8.8 (33) ; sheep, 8.12 to 8.32 (28) ; goats, 8.2 to 8.8 (2) ; calves, 
8.1 (32, 38) and 8.23 (31) ; and cattle, 8.55 to 8.90 with an average of 8.8 (10). 
Chrzaszcz and Schechtlowna (10) observed a decrease in the pTI of saliva to 7.9 
during rumination. 

Some reducing properties and several associated constituents of saliva have 
been investigated by several workers. Suzuki (36) reported that human saliva 
generally contains less than 0.18 mg. per cent ascorbic acid, and that age and 
sex are without effect upon the concentration of this sub.stance. This investiga- 
tor was not able to detect ascorbic acid in oxidized form in human .saliva or in 
the salivary glands of rabbits. The ascorbic acid content of the salivary glands 
was found to be progressively lower in the species of the following orders: 
rodentia, carnivora and ungulata (36). Suzuki (36) demonstrated an increase 
in the ascorbic acid content of the parotid glands of the rabbit by injecting 2 
mg. of ascorbic acid per kg, of body weight or by administering pilocarpine 
hydrochloride; the latter substance, however, did not alter the concentration 
in the submaxillary glands. The investigations of Zimmet and Dubois-Ferriere 
(40) revealed that the concentration of ascorbic acid in children’s saliva in- 
creased progressively with age. Levels of 0.04 mg. per cent for 4-year-old chil- 
dren, 0.11 mg. per cent for 16-year-olds, and a marked lowering of the saliva 
ascorbic acid level in children under febrile conditions were reported (40). 
These results, relative to the age effects, are contrary to those of Suzuki (36). 
Held et al. (14) believed 0.12 to 0,16 mg. per cent to be the normal ascorbic acid 

Beeeived for publication August 23, 1948. 

^ Published with the approval of the Director of the Michigan Agricultural Experiment 
Station as Journal article no. 951 (n.s.). 

2 Present address: Department of Animal Husbandry, Cornell University, Ithaca, New 
York. 
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content of human saliva. Concentrations of 0.04 to 0.08 mg. per cent were 
found in the saliva of patients suffering from paradentoses (14). A higher 
normal level (0.25 mg. per cent) was reported by Stuteville (35). Suzuki (37) 
showed that the glutathione content of the parotid and subma^cillary glands of 
scorbutic guinea pigs was 12.2 to 26.2 per cent and 16.5 to 17.4 per cent lower, 
respectively, than those of normal guinea pigs. Pilocarpine decreased the gluta- 
thione content of these glands in rabbits, whereas atropine was without effect. 
Injections of iodoacetic acid or sodium iodoacetate resulted in the complete dis- 
appearance of reduced glutathione from these glands. Pincus (26, 27) demon- 
strated the deduction of several dyes by saliva. 

Very little attention has been given to the physical or physico-chemical prop- 
erties of saliva. However, in his study of surface energy of some physiological 
fluids, Wwedensky (39) found that the lowering of surface tension by saliva 
was considerable and classifled it with bile and milk, as a surface active fluid. 
In a later study of surface activity of human saliva, Borissovsky and Wweden- 
sky (6) found that the secretion stimulated by acids manifested a surface ten- 
sion-temperature curve characteristic of surface inactive fluids, whereas a curve 
characteristic of surface active substan(*es was demonstrable for saliva stimu- 
lated by food material. These studies suggest that saliva evoked by acid solu- 
tions is a protective reaction, while that produced as a result of food excitation 
is a normal secretion. Simultaneous studies conducted on the relative adsorp- 
tion by the salivas produced by these two methods of stimulation showed typical 
adsorption by the food-stimulated saliva, whereas adsorption curves characteristic 
of surface inactive substances were obtained for the acid-stimulated secretion. 

Fomin (13) reported that the saliva of calves varies considerably in viscos- 
ity and that the phenomenon appears attributable to the consumption of dif- 
ferent types of feed. Hoepfner (15) demonstrated a pronounced structure- 
viscosity in human saliva which persisted for 24 hours despite definite chenneal 
changes. Curves which are characteristic of structure-viscous liquids were ob- 
tained in this investigation by plotting the differential flow-velocity against 
time. Fresh saliva was converted completely into foam and had a foaming 
capacity equivalent to that of a 0.02 per cent saponin solution. 

Recognition of literature has been limited here to reports dealing primarily 
with the saliva of ruminant animals and to studies of saliva in other animals and 
human beings which are pertinent to certain phases of the study summarized in 
this report. 

The object of this investigation was to probe some of the chemical and 
physico-chemical properties of bovine saliva which may influence rumen diges- 
tion and synthesis. 


EXPERIMENTAL PROCEDURE 

During the course of this investigation, study was made of 77 samples of 
saliva collected from the unstimulated secretion (except for tactile, visual and 
auditory stimulation) of 42 Guersey, Jersey, Holstein and Brown Swiss cattle 
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of varying ages. Fifty-four samples were collected under neutral paraffin oil to 
prevent carbon dioxide loss, while 23 samples were taken without oil protection. 
Blood samples were drawn at the time of saliva collection for ascorbic acid 
analysis. 

The pH of 77 saliva specimens was determined using a Beckman pH meter 
equipped with a glass electrode. Ascorbic acid was measured in 75 samples ac- 
cording to the method outlined by Mindlin and Butler (24) with modifications 
(29). The water content of 36 specimens w^as determined by drying to constant 
weight. Ascorbic acid analyses were made on corresponding blood plasma sam- 
ples. The surface tension of 55 samples of saliva was measured by a torsion-bal- 



TIME ^MINUTES) 

Fig, 1. Adsorption of benzene vapor on the saliva of 2 different cows. 


- mg. benzene vapor adsorbed per g. saliva. 
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ance method in which a Du Nouy tensiometer was employed. The deodorizing 
capacity of saliva was tested by comparing the odor evolved from various quanti- 
ties of finely powdered garlic suspended in saliva to that evolved by garlic in 
distilled water. The possibility of saliva possessing an adsorptive property was 
investigated by passing benzene at constant temperature (27® C) and pressure 
(3 bubbles per second) through a U-type adsorption tube containing knowm quan- 
tities of cow’s saliva. The amount of benzene taken up by the saliva after ex- 

posure for different time intervals was determined by weight. The ^ values 

(amount of benzene taken up per unit weight of saliva) were plotted against the 
time exposed (fig. 1). 
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Similar experiments were conducted in which dry, powdered saliva taken 
from 26 cows (fig. 2) was employed in place of fresh natural saliva, and in which 
distilled water was substituted for saliva. 


_X 

M 


10 20 30 40 

TIME (minutes) 

Fig. 2. Absorption of benzene by dried saliva of cows. 

X 

- mg. benzene vapor absorbed per g. dried suUvn. 
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RESULTS 

The average pH of 23 saliva samples not collected under oil was 8.71, whereas 
that for 54 samples protected by oil from carbon dioxide loss was 8.53. Home 
representative values for each are shown in tab)(*s 1 and 2. These data suggest 
that it is imperative to record the conditions und(T which saliva is eolleeted from 
animals, i.e. whether or not the specimens are protected from carbon dioxide loss. 
No great variation was observed in the pH of saliva collected over a 24-hour 
period, and the time of collection relative to the feeding time had no noticeable 
effect on the reaction of the saliva. 

An analysis of 75 saliva samples revealed an average concentration of 0.15 mg. 
per cent ascorbic acid, while plasma samples from the corresponding animals at 
the time of saliva collection had an average ascorbic acid content of 0.47 mg. per 
cent. Table 2 shows that the ascorbic acid content of saliva collected at intervals 
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of 6 hours over a 24-hour period was variable and bore no appreciable relationship 
to the plasma ascorbic acid level. The correlation coeflBcient between the ascorbic 
acid level of the plasma and saliva was -i 0.015. 

The average surface tension of 55 saliva samples was 47.1 dynes per cm. at 
29° C. Data obtained from the benzene uptake by fresh saliva which had been 
exposed for varying time periods derived typical adsorption curves (fig. 1), 
which indicate that saliva contains adsorptive substances. However, when a sim- 
ilar experiment was conducted on dry, powdered saliva taken from 26 cows, a 
curve was obtained from the benzene up take which is suggestive of absorption 
(fig. 2). It seemed, therefore, that the adsorptive property of natural saliva is 
destroyed by drying. 

When water was substituted for saliva in a similar trial, weight losses were 
noted which were attributed to evaporation. 


TABLE 1 


Beprt siniative data on some chemical and physical properties of cow*s saliva and the plasma 

ascorbic acid level 

Animal 

no. 

Plasma 


Saliva 


Ascorbic acid 

Ascorbic acid 

Water 

Surface tension 

pH 


(my. %) 

^ ( tny. % ) 

(%) 

(dynes/ cm,) 


A 5 

0.55 

0.19 

99.10 

48.07 

8.55 

A18 

0.42 

0.13 

98.83 

46.05 

8.50a 

A:ii 

0.7*2 

0.07 

99.23 

47.97 

8.80 

A46 

0.49 

O.OG 

99.60 

45.54 

8.62a 

AJ9 

0.62 

0.16 

98.93 

46.96 

8.56a 

B58 

0.59 

0.13 

98.70 

47.46 

8.63a 

C553 

0.20 

0.02 


49.20 

8.76 

1*27 

0.37 

0.21 

99.01 

45.64 

8.93 


A Samples colleeted under neutral paraffin oil. 

It was found that 60 mg. of powdered garlic suspended in 100 ml. of distilled 
water evolved the pungent garlic odor, whereas no characteristic garlic odor was 
detected by 20 innocent persons from the same amount of the substance suspended 
in 100 ml. of cow saliva. The elimination of odors by saliva was considered to be 
an adsorption phenomenon in view of the great surface activity of bovine saliva. 

DISCUSSION 

The early studies of the role of saliva in digestion concerned the importance 
of this secretion as a mechanical digestive aid by virtue of its ability to moisten, 
dissolve and lubricate the dry feeds which constitute the cow’s ration. Recent 
interest in the chemistry and physiology of rumen fermentation and synthesis 
gave impetus to a study of the constituents and properties of saliva which may 
influence numbers and kinds of microorganisms. 

Greater importance now is being attached to the buffering ability of ruminant 
saliva than formerly. The large quantity of saliva secreted, its reaction and its 
activity as a buffer on the alkaline side of a pH of 4 are believed to be largely re- 
sponsible for the maintenance of a medium which appears to be optimal for micro- 
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bial activity and for the chemical changes occurring in the rumen. The saliva se- 
creted by a mature animal during 24 hours contains approximately 300 to 350 g. 
of sodium carbonate according to Colin (11), which is theoretically capable of 
neutralizing 56.6 to 65.0 liters of 0.1 N hydrochloric acid solution. 

The alkalinity of dairy cattle saliva offers the possibility that it might absorb 
some of the carbon dioxide produced in the rumen (22). The increased amount 
of saliva secreted at the time of eating, regurgitation and rumination may be na- 
ture’s compensation for the great amount of fermentation during and imme- 
diately following eating. 

A cow secreting 56 liters of saliva daily excretes approximately 86 mg. of as- 
corbic acid by this route. Although no explanation has been proposed for the sig- 
nificance of this saliva constituent, the possible use of the substance in saliva 
could be theorized purely on the basis of its action in other biological systems : 
(a) the control of hydrolytic enzyme systems, (b) the regulation of oxidation- 
re<lucti()n systems, since it is known to function in H transfers, (c) the detoxi- 
fi(^ation of chemicals such as lead and arsenic by combining with these substances, 
(d) the initiation of the synthesis of some proteins, since it is known that certain 
amino acids such as leucine are dehydrated to form ammonia and keto-acids. (e) 
the inhibition of some organisms which may otherwise be pathogenic to the mouth, 
esophagus and lower digestive tract, and (f’) the encouragement or stimulation of 
fermentation by certain organisms, since it is known that some of the microorgan- 
i,sms inhabiting the rumen use* vitamin C iji their metabolism. 

To the saliva of the cow has been credited the deodorizing of undesirable barn 
odors, and hence the elimination of some of the off-flavors of milk without a 
known explanation for tin* deodorizing process. A comparison of the odor of 
garlic su.spended in water and saliva demonstrated that no characteristic odor 
was evolved from the saliva while a pungent odor was readily detected from gar- 
lic in water. Since the deodorizing phenomenon generally is regarded as one of 
adsorption, as shown in water-odor purification studies by Baylis (4, 5) and 
Spalding (34), a phase of this investigation was given to the study of the surface 
activity of saliva. Natural saliva demonstrated typical adsorption tendencies, 
whereas dried saliva gave results characteristic of absorption. It is known that 
a considerable portion of the soli<i matter in saliva is protein; Bramkamp (IB) 
found 250 mg. per cent protein, and Inouye et al. (16) reported that saliva con- 
tains 260 mg. per cent mucinate. Zolnikova (41) reported that 86 to 89 per cent 
of the total nitrogen of saliva is mucin nitrogen. According to Bucher (9), the 
mucoid proteins of gastric mucus are extremely small* particles which are not vis- 
ible using the ultramicroscope, but are amorphous-like in nature and possess col- 
loidal properties. Since Levene (20) has shown that the protein complex from 
one mucin to another differs chiefly in the nature of their amino-hexoses, it ap- 
pears that the mucoid proteins of saliva also are of small molecular size which 
would facilitate adsorption by virtue of their great surface area. Mahlo (21) 
stated that the hydrochloric acid of gastric juice is adsorbed partly by mucin. 
Investigations by Bradley (7) and Babkin (3) demonstrated the capability of 
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mucin as an adsorbent. From an analysis of the foregoing studies it seemed 
logical to attribute the adsorption properties of cow’s saliva to mucoid proteins. 

Although the uptake of benzene by saliva was in small quantities, the same 
test applied to water showed a loss of weight even when exposed only one minute 
and progressive decreases thereafter which seemed to be attributable to evapora- 
tion. The amount of benzene taken up by the saliva could not be accounted for 
by solubility, because the quantity of benzene which can be dissolved in the 
amount of water contained in the saliva (0.70 mg. of benzene per g. of saliva at 
22° C.) is a very small portion of the amount actually adsorbed during any time 
interval. 

The low surface tension (47.10 dynes per cm.) of dairy cattle saliva is an 
amazing fact when one perpends its high water content (99.12 per cent) or com- 
pares it to a well known surface tension depressant such as a 0.1 per cent sodium 
oleate solution which lias a surface tension of 42.2 dynes per cm. and to pure w^ater 
with a surface tension of 71.35 dynes per cm. at 30° C. This property, indicating 
wetting ability, offers a plausible account for the efficiency of saliva in moistening 
feed materials. 

McCulloch (23) stated that the surface tension of bacterial cultural media 
usually is 50 to 60 dynes. Larson et aL (17, 18) showed that the amount of 
growth of certain bacteria depends to a great extent upon the surface tension of 
the media. Albus and Holm (1) reported that Lactobacillus acidophilus grew 
well at a surface tension of 36 dynes, whereas Lactobacillus biilgaricus could not 
initiate growth in a medium whose surface tension was reduced to 40 dynes per 
cm. These workers (1) believed that a low surface tension is responsible for tlie 
failure to obtain a permanent implantation of L. bulgaricus in the normal human 
intestinal tract, whereas L, acidophilus implantations were successful. Probably 
the low surface tension of saliva is optimal for the bacteria types indigenous to 
the rumen and may be selective to the extent of limiting the kind of organism 
present. 

In view of the surface energy exerted by the large quantity of saliva secreted 
by the cow, the efficiency of chemical reactions and bacterial functions occurring 
in the rumen by virtue of wetting, solution and mixing, in addition to maintain- 
ing the proper rumen reaction, seem responsible to saliva activity. 

SUMMARY 

An investigation was conducted on 77 samples of saliva from dairy cattle to 
ascertain some of this secretion’s chemical and physico-chemical properties. The 
average water content of 36 specimens was 99.12 per cent. 

The Average pH of 54 samples protected by neutral paraffin oil from carbon 
dioxide loss was 8.53, whereas the average pH for the unprotected samples was 
8.71. No appreciable variation was noted in the pH of saliva collected at 6-hour 
intervals over a 24-hour period, and the time of collection relative to the feeding 
time had no apparent effect on the reaction of the saliva. 

An analysis of 75 saliva samples showed an average ascorbic acid concentra- 
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tion of 0,15 mg. per cent, while the average plasma ascorbic acid level of the same 
animals was 0.47 mg. per cent. 

The deodorizing and surface active properties of cow’s saliva were demon- 
strated. The surface tension of 55 samples was 47.10 dynes per cm. at 29° C., 
while typical adsorption curves were derived from the uptake of benzene by 
saliva. Since dried cow’s saliva took up benzene in a manner characteristic of 
adsorption, it was believed that the adsorbent materials of saliva were altered in 
some way by drying, resulting in the loss of the adsorbing property. 
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THE INFLUENCE OF TOCOIMIEKOLS AND (X)D-LIVER OIL ON 
MILK AND FAT rRODUCTION 


FKANK WHITING, J. K. LOORLI, VLADIMIK N. KHVKOVSKY, and K. L. TURK 

Depart vu nis of Ammal Jlushandry and Dairy Tndii.striff 
Cornell Fnnersiiu, Ithaca, V. Y. 

Numerous studies have sh(»\vn that fc‘ediu<r eod-lher oil to dairy cows and 
proats markedly reduees the fat p(*reeiitaj?e of the milk (1, 8, 21, 24;. Little is 
known about the specifie eause of this depression of tlie fat test, hut it has been 
shown that hydrogenated eod-li\er oil is no longer aetive (8, 22). Moore d al. 
(211) observed that pivinpr eod-liver oil to cows in 12 feedinprs eaeh day caused 
no .such marked depression of test in a (i-day feeding })eriod as when the oil was 
fed in a siiijzle daily dose, (^niain other fats and oils have been shown to cause 
an increase, at least teiuporary, in the fat content of the milk of ('ow^s and 
floats (16). 

Recently, Harris </ al. (10) have n‘]>orted that the percentapre of fat in the 
milk of dairy cows was iner(‘ased appro\iniately 27 per cent by feedinjr 1 pr. of 
mixed natural tocopherols% daily over a 20-month period. 

The forejToiiijjr repends and the established antafionistic* action between ('od- 
liver oil and alpha-t<»eopherol in nutritional muscle dystrophy (10) led the 
authors t(» wonder if a similar interrelationship mi^ht exist in the secretion of 
milk fat by cows, Aecordin^^ly, an experiment with cows w^as desiprned to study 
further the effect of tocopherols upon milk ])roduction and particularly to deter- 
mine whether to(‘opherols would inhibit the depressing influence of cod-liver oil 
on the fat percentage 


r.XPKUlM K\ TAL PROCLUURE 

Sixteen cow's of the Holstein, Urow’ii Swiss and Guernsey breeds were used 
in this study during the winter of 1047-48. The cows wTre divided into four 
equal groups according to age and breed. The first group consisted of mature 
Brown Swiss oow^s; the second groiip, 2-year old Brown Swiss cows; the third 
group, 2-year old Holstein cow\s and the fourth group, mature Guernsey cows. 
Four replicates of 4 ^ 4 Latin squares were used. Control ration A consisted of 
medium quality mixed grass and legume hay, corn silage and a commercial 16 
per cent protein dairy concentrate mixture. Ration B was the control ration 
plus 1 g. of mixed natural tocopherol.^ Ration C was ration A plus 5 oz. veteri- 
nary grade cod-liver oil.'-* Ration D consisted of ration A plus 5 oz. veterinary 
grade cod-liver oil and 1 g. of mixed tocopherols. 

Received for publication August 26, 1948. 

1 A stabilized tocopherol concentrate * * My vadry ’ ’ purchased from Distillation Products, 
Inc., Rochester, N. Y, 

^ Contained 2000 units of vitamin A and 100 units of vitamin D per g. Purchased from 
Marine Products Co., Boston, Mass. 
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- One lb. of grain was fed for each 3 lb. of 4 per cent fat-corrected milk pro- 
duced during the preliminary period. During the experiment, the grain allow- 
ance was reduced in accordance with the average decline in production of all 
cows as recommended by Lucas (17). A constant amount of silage, approxi- 
mately 25 lb. daily per cow, was fed throughout the experiment. Hay was fed 
ad libitum. 

The tocopherol supplement was placed on top of each cow’s morning feeding 
of concentrate. Cod-liver oil was mixed with a small amount of molasses and 
poured on the silage at the evening feeding. The cod-liver oil and tocopherols 
were fed at separate feedings, because Mackenzie et al. (19) had shown that the 
muscular-dystrophic preventative action of tocopherol was rendered ineffective 
when it was administered with cod-liver oil. 

Each cow was started on experiment approximately 60 days after parturi- 
tion, following a preliminary period of 3 weeks, thus all cows were in the same 
stage of lactation. Each period was of 4 weeks duration and was followed by 
1 week on the control ration before starting the next period. 

Milk was weighed and sampled at each milking. These aliquots were com- 
posited for seven milkings, and butterfat determinations by the Babcock test 
were made on the composited alic^uots twice weekly. At the end of each 4-week 
period, samples of blood were obtained for tocopherol, vitamin A and carotenoid 
analyses. A 2 quart sample of milk was taken from the morning milking at the 
end of each 4-week period for studies on tocopherol, vitamin A and carotene 
content and keeping qualities. 

The method of Koehn (14) was used to measure the vitamin A and carotenoid 
content of milk fat, while that of Kimble (13) was used to determine the vita- 
min A and carotenoid content of blood plasma. The procedure of Quaife (25) 
was used to determine the tocopherol content of milk fat and that of Quaife and 
Harris (27), with the microhydrogenation apparatus of Quaife and Biehler (26), 
to determine the tocopherol content of the blood plasma. 

In an additional study, six Holstein cows were used in a single-reversal ex- 
periment during the summer of 1947 to study the influence on milk and fat pro- 
duction of feeding 1 g. daily of mixed natural tocopherols to cows on pasture. 
In this experiment, the cows were divided into two groups of three cows each ; 
the two groups were equalized in daily milk production, state of lactation and 
fat test. The supplemental periods were of 5 weeks duration. The cows were on 
good pasture and received a concentrate allowance in accordance with milk pro- 
duction (1 lb. of concentrate per 4 lb. of milk produced). The method of feed- 
ing the supplement and of handling the milk was essentially the same as de- 
scribed above. 

RESULTS 

The average daily pounds of milk produced, butterfat tests, pounds of fat 
produced and the pounds of 4 per cent fat-corrected milk (6) are presented in 
table 1. Only the milk and fat yields obtained during the last 2 weeks of each 
period were used in calculating these averages, since the maximum fat depress- 
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ing effect of cod-liver oil was not evident until the second week; also Harris 
et al. (10) reported that the stimulating effect of tocopherol on fat percentage 
was not evident until approximately 10 days after starting to feed the supple- 
ment. In the experiment with the cows on pasture, milk and butterfat yields 
during the last 3 weeks were used to calculate averages, since the periods in this 
experiment were of 5 weeks duration. 

Feeding 1 g. of mixed tocopherols daily over a 4-week feeding period slightly 
increased the fat test, the average daily lb. of milk and fat produced, and the 
average daily pounds of 4 per cent fat-corrected milk (table 1). However, 
none of these increases was statistically significant. These results do not con- 
firm the findings of Harris et al. (10), but it should be emphasized that the 
length of the feeding period in this experiment was only 4 weeks (5 weeks on 
pasture), whereas Harris et al. used a 20-month experimental period. 


tablp: i 

The influence of tocophfroh and coddiver oil vpon the average hvltcrfat percfniage, total 
milk' yield and 4% fat corrected mdl‘ 


Supplfnient 

r.otterfat 


Average daily production 

Milk 

Fat 

4% F.C.M. 

\ 

(%) 

ilb.) 

(lb.) 

{lb.) 


Winter, 

1947-48 



None 

4.24 

30.3 

1.28 

31.4 

TOi OplltTOls 

4.30 

30.7 

1.32 

32.1 

Cod liver oil 

3.63 

32.8 

1.19 

31.0 

Tocopherols nnd rod -liver oil 

3.63 

32.0 

1.16 

30.3 


Rummer, 194 

7« (pasture) 



None 

3.55 

35.7 

1.27 

33.3 

Tocopherols 

3.58 

35.2 

1.26 

33.0 


• Holstein cows only. 


Our results are in agreement with those of Gullickson et al. (fl), wlio ob- 
served no increase in the fat yield or fat percentage from feeding tocopherols. 

Feeding 5 oz. of cod-liver oil alone or with tocopherol caused a 14 per cent 
decrease in the average fat test, a slight decrease in average daily pounds of 
4 per cent fat-corrected milk, but a 6 per cent increase in average daily pounds 
of milk produced. The decrease in fat test and the increase in milk yield were 
both highly significant (1 per cent level of probability), using the method of 
Cochran et al. (3) to analyze the data. The fat depressing effect of cod-liver 
oil observed in this experiment agrees with the findings of others, but no one 
has reported an increase in milk yield due to feeding cod-liver oil. Petersen 
(24) and McCay and Maynard (21) reported that milk production was not 
affected by cod-liver oil feeding. It has been shown previously that feeding 
extra vitamin A does not increase milk production (12, 18). No explanation 
jis offered for the increase in milk production found in these investigations from 
feeding cod-liver oil. 
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Feeding tocopherols did not prevent the drop in fat test due to feeding cod- 
liver oil. Apparently the supplemental tocopherol was not destroyed by the 
cod-liver oil, since the tocopherol content of the butterfat and the blood of the 
cows when receiving tocopherol and cod-liver oil were essentially the same as 
when they received tocopherol alone (table 2). Feeding cod-liver oil alone, 
however, did lower the tocopherol content of the butterfat and milk, indicating 
that cod-liver oil destroys tocopherols in the dairy cow in a manner similar to 
that observed in other animals. 

Cod-liver oil depressed the carotene content of the blood and milk fat and 
increased the vitamin A content. A similar phenomenon has been observed by 
other investigators when high levels of vitamin A have been fed (2, 5, 10, 29). 
However, when both tocopherols and cod-liver oil were fed, the carotene-de- 
pressing effect of the cod-liver oil was not so pronounced. Harris et al. (10) 


TABLE 2 

The tocopherol, vitamin A and carotenoid content of milk fat and blood plasma as affected 
by tocopherol and cod-hvcr oil supplements 


Supploment 

Content in milk fat of: 

Content in blood plasma of: 

Toco- 

phorols 

Vitamin 

A 

Caroten- 

oids 

Toco 

pheroJs 

Vitamin 

A 

(’a rot 011 - 
oids 



(y/100 0.) 



(y/JOO mL) 


None 

2990 

559 

440 

582 

27.8 

528 

Tocopherols 

3569 

544 

390 

735 

28.8 

463 

Cod-liver oil 

2529 

1301 

326 

427 

31.5 

368 

Tocopherols and 







eod-livor oil 

3590 

1329 

349 

696 

34.3 

438 

None* 

3190 



685 

22.2 

10.54 

Tocopherols* 

3640 



771 

23.9 

1106 


* Holstein cows only. 


noted that feeding tocopherols with a vitamin A concentrate largely prevented 
the carotene depressing effect of the vitamin A supplement. 

Of special interest is the fact that tocopherol feeding improved the ability 
of milk to resist the development of off-flavors as described in detail by Kru- 
kovsky ei al. (15). 

SUMMABr 

Feeding 1 g. of natural mixed tocopherols daily to dairy cows during both 
winter and pasture feeding for periods of 4 to 5 weeks had no significant in- 
fluence on milk or fat production. However, feeding 5 oz. of cod-liver oil daily 
to cows during winter feeding decreased the butterfat percentage approximately 
14 per cent, but increased the total milk production 6 per cent. Tocopherol 
supplementation did not counteract the butterfat depressing effect of cod- 
liver oil. 

The tocopherol content of the milk fat and blood plasma was increased by 
feeding tocopherols, but was decreased by feeding cod-liver oil. Cod-liver oil 
had a depressing effect on the carotene content of the milk fat and blood plasma,* 
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but this was counteracted somewhat by feeding tocopherols with the cod-liver 
oil. The vitamin A content of the milk fat and blood plasma was increased by 
feeding cod-liver oil. 
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Sisson (88) observed that from 10 to 15 per cent of lactose added to a cow s- 
milk diet produced diarrhea in some puppies but not in others. Younger puppies 
developed diarrhea sooner than did older ones. The diarrheal condition w^as 
alleviated quickly by omitting the lactose from the milk mixture. Gross (36) 
was not able to feed diets containing more than 15 per cent of lactose without 
diarrhea appearing, and even the 15 per cent level produced diarrhea in about 
half of the dogs used. Dragstedt and Peacock (23) observed that the feces of 
2 to 3-months-old puppies became liquid in from 4 to 6 days, when a diet of white 
bread and whole milk was fed with 60 g. of lactose per day. Adult dogs fed a 
diet of 500 g. of rice, 100 g. of beef heart and 50 g. of lactose did not have liquid 
feces, but when fed white bread and skim milk ad libitum, plus 50 to 125 g. of 
lactose, most of the adult dogs developed liquid feces after 1 week. Tliis differ- 
ence in the fluidity of the feces, depending upon the constitution of the diet to 
which the lactose was added, perhaps may be due to the other constituents of the 
diet either having some direct effect on fecal consistency or influencing the lactose 
effect. Diarrhea was noted by French and Cowgill (32) when diets containing 
20 per cent of lactose were fed to dogs. 

That the rat apparently is better able to utilize lactose than the dog was the 
conclusion reached by Koehler and Allen (49). They did not observe diarrhea 
when 35 per cent of lactose was fed to young, full-growm rats. But others have 
observed diarrhea in adult rats fed diets containing 67 per cent of la(*tosc (85) 
and 87.5 per cent of lactose (35). 

Outhouse et al, (67) did not observe diarrhea in their young rats which were 
fed 25 iier cent of lactose in the ration. Whittier et al. (101 ) observed diarrhea 
in rats at 45 and 63.5 per cent levels of lactose feeding. Mitchell and Dodge 
(62) reported that diarrhea was exhibited by y^mng rats placed on a 70 per cent 
lactose ration. Mitchell (60) confirmed this observation for all rat strains used 
by her, and noted that 35 per cent of galactose in the ration did vol produce the 
diarrheal effect. Mitchell et al. (56) also showed that rations containing 60 to 
70 per cent lactose produced diarrhea and slow growth. 

Mitchell ei al. (61) observed diarrhea in young rats placed on a 50 per cent 
lactose diet. This diarrhea varied in severity with the individual rat. Coryell 
and Christman (17) stated that, due to the laxative action, lactose doses for rats 
cannot be increased much beyond 2 g. per kg. of body weight. This figure repre- 
sents a considerably lower level of lactose intake for producing laxation than 
has been reported by any other investigator, but it should be noted that Coryell 
and Christman worked with rats fasted for 24 hours. Diarrhea was observed by 
Boutwell et al. (10) for the first 6 to 12 days of feeding a ration containing 48 
per cent lactose and 28 per cent com oil to weanling rats. 

Diarrhea followed by death of rats fed large amounts of lactose in the ration 
was reported by Evans and Burr (28). Others who have reported a similar oc- 
currence are Fisher (30), Morgan et al. (63), and Skeggs and Wright (89), 
when they fed rations containing 77, 65, and 61.8 per cent of lactose, respectively. 
Ershoff and Deuel (26) reported that weanling rats fed a ration containing 73*2 
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per cent lactose or )S-lactose developed a severe diarrheal condition and died. 
The length of time these rats survived depended upon the severity of the diar- 
rhea. The ^-lactose rats died sooner than did the lactose rats, having suffered 
more severe diarrhea in general than had the lactose rats. Attempts to control 
the diarrhea by iindudiiig 5 or 10 per cent of citrus pectin or 5 per cent of apple 
powder in the diet were not successful. 

Scott and Verney (86) noted severe diarrhea in rats fed a 62 per cent lactose 
diet. They found that when rats were allow’ed to choose dietary eoniponeiits, 
lactose was avoided, while otluT carbohydrates were accepted to various degrees. 
Richter (78) found that rats offered lactose as the sole food ate very small quan- 
tities. The rats survived only 7 days on the average, as compared with 4 days 
for a comparable group given only water. Another group fed only galactose 
lived only 7 days. When Ershoff (25) fed lactose to rats as the sole food, all 
the rats had diarrhea, and they died after the same length of time (5 to 7 days) 
as if they had been fasted. Other rats fed dextrose, sucrose or butter fat as the 
sole food lived 34 days on the average. That the diarrhea and early deaths were 
not due to galactose was shown by feeding a ration composed of 50 per cent 
dextrose and 50 per cent galactose, in which case no diarrhea was observed and 
the rats lived about as long as the rats fed dextrose, sucrose or butter fat alone. 
But feed intake was increased so that the rats obtained their necessary calories 
from the dextrose. 

The most complete determination of the lowest level of lactose which will 
produce diarrhea in weanling rats (Sprague-Dawley strain) was made by Riggs 
and Beaty (79). They did not observe diarrhea at lactose feeding levels of 5, 
10 or 15 per cent, but they did observe diarrhea beginning at the 20 per cent 
level and increasing in severity and persistence as the level was raised to 30, 40 
and 50 per cent. These investigators also showed that the diarrhea was due to 
the lactose linkage by feeding equivalent levels of the hydrolysis products, glu- 
cose and galactose, without producing any diarrhea. 

Few reports are available on the amounts of lactose w^hich wdll produce diar- 
rhea in man, although considerable use was made of the sugar for complementing 
the action of Lactobacillus acidophilus milk in treating constipation. Since it is 
difficult to tell how much of the action might be due to the lactose and how much 
to the effects of the bacteria, these reports wdll be discussed together in a future 
section, rather than receive consideration under the present heading. In one of 
the instances in which lactose was fed alone, (that is, without L. acidophilus 
milk) diarrhea was observed by Robinson (80) wdien 200 to 250 g. of lactose were 
ingested by human subjects. Koehler et ah (50) observed flatuency and diarrhea 
in only one case, when from 80 to 120 g. of lactose were ingested. Rettger and 
Gheplin (76, p. 110) found that 300 g. of lactose per day tended to produce diar- 
rhea in man. Kopeloff and Cohen (53) observed that in 6 of 15 subjects the 
first ingestion of a 100-g. dose of lactose caused diarrhea. Barker (4) recom- 
mended adding from 50 g. to 1 lb. of lactose to the diet of typhoid fever patients, 
as long as there was no diarrhea. He stated that one should remember that 
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patients driven the high-calorie diet he recommended usually have from 2 to 4 
stools a day. Traube (96) reported that a light laxative action was produced 
by only 9 to 15 g. of lactose taken in the morning on an empty stomach. Albertoni 
(1) stated that 20 g. of lactose were required for action in most cases. 

Rojas cf al. (83) have reported the occurrence of diarrhea in two dairy calves 
fed separated milk with extra lactose added. The amount of lactose added 
brought the total lactose content to twice that of separated milk ; that is, lactose 
intake was about 640 g. per day for the Holstein calf and about 500 g. per day 
for the Jersey calf. The scouring began within a few hours after beginning the 
feeding of the lactose-enriched separated milk, and decreased when the extra 
lactose was omitted. 

Species differences in susceptibility to lactose diarrhea arc indicated in the 
above accounts of amounts of lactose which produce diarrhea. However, due to 
the lack of information on actual amounts of the sugar ingested per unit weight, 
direct comparisons are almost impossible. But in general, it seems that rats are 
less susceptible to lactose diarrhea than are dogs, while the position of the human 
in this respect remains obscure. 

Age differences also are indicated. Young animals probably arc more suscep- 
tible to the diarrhea, as shown by Sisson (88) and Ershoff and Deuel (26). 
Strains of rats also differ in susceptibility, according to Mitchell (60) and Ershoff 
and Deuel (26). Individual differences have been reported by Gross (36), 
Sisson (88), and Riggs and Beaty (79). 

THE EFFECTS OF LACTOSE ON INTESTINAL MOTILITY IN INFANTS 

The importance of lactose in the diet of the human infant is well-known. 
Hurst (44, pp. 422-424) mentioned that fat and lactose were the two substances 
in breast milk which stimulated intestinal movements in infants. He called at- 
tention to the fact that since undiluted cow's milk has approximately the same 
per cent of fat, two-thirds as much lactose and more than twice as much protein 
as human milk, cow's milk usually is diluted for human infants. This dilution 
makes the protein percentage more nearly comparable to that of breast milk, but 
at the same time it reduces the percentage of stimulating lactose further below 
the normal breast milk level. Hurst further commented that the cure of consti- 
pation in the non-breast-fed infant often is accomplished immediately by adding 
1 teaspoon of lactose to each 3-4 oz. of undiluted cow's milk. For constipation 
of the breast-fed baby, he recommended 0.5 to 1 teaspoonful of lactose in a 
little warm water before each nursing. 

Talbot and Hill (94) noted that more than 9 to 14 per cent of lactose in the 
formula resulted in diarrhea in a 5-months-old infant. More than this amount 
decreased the absorption and perhaps the retention of nitrogen. Porter and 
Dunn (74) observed that the largest amount of lactose which could be taken by 
infants without intolerance (meaning without diarrhea, gas and vomiting) varied 
from 9 to 40 g. per kg. per day, from 2 to 4.75 g. per kg. at a feeding or from 5 
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to 15.5 per cent of the diet. Paffrath and Siering-Kaulla (69) observed diarrhea 
and impaired digestion in all trials when 15 per cent lactose solutions were given 
to children. 

Gerstley et al. (34) observed that up to 17 per cent lactose added to breast 
milk produced little change in the fresh weight of infant stools ; however, up to 
12 per cent added to cow’s milk increased the fresh weight and frequency of the 
stools, but without producing any diarrhea. In a later paper, Gerstley (33) 
mentioned that a temporary upset in digestion was accompanied by diarrhea for 
1 day when an infant was changed to a formula of cow’s milk plus 12 per cent 
lactose. Gerstley ’s work was begun with the idea that acids produced in the 
intestine by fermentation of lactose caused the diarrhea observed in some infants. 
The theory was that lactose fermented more readily when given in cow’s milk 
than w^hen given in breast milk. However, actual results showed that up to 12 
per cent of lactose added to cow’s milk actually improved the well-being of the 
infant and did not cause any diarrhea. 

Barenbcrg and Abramsrm (3) observed somewhat heavier feces (on the fresh 
weight basis, presumably, although not stated) but no diarrhea, when 12-15 
per cent of lactose (15-17 g. per kg. of body weight) was fed to babies 3 to 15 
months old. 

Skole (91) mentioned lhat constipation was notably absent in 108 babies 
(average age 14 weeks at the start) fed evaporated milk and 0.1 oz. of /^-lactose 
per lb. of body weight. * Diarrhea sometimes was precipitated when an infant 
first was started on the diet, but this was controlled readily by reducing the 
amount of la(*tose or by omitting it altogether for 2-3 days and then gradually 
adding it back. 

Dennett and Craig (20) observed more diarrhea among breast-fed infants 
than among infants fed modified fresh cow's milk, evaporated or powdered milk, 
and more diarrhea on fresh cow’s milk than on evaporated or pow’dered milk. 
It w’as not stated whether the powdered milk w^as dry w^hole milk or nonfat dry 
milk solids. The babies w^ere about 2 months old at the start of the experiment. 

Jeans and Marriot (46, p. 63) have called attention to the fact that giving 
lactose solutions ot a 10 per cent or greater concentration may result in an in- 
crease in the number of stools. Also (46, p. 70) lactose or sucrose solutions of 
8 per cent or greater concentration, or dextrose solutions of 6 per cent or greater 
concentration, are hypertonic and may act as hydragogue cathartics. 

Skole (90) claimed, on the basis of case studies, that up to 6 teaspoons of 
jS-lactose per day given with evaporated milk and water shortened diarrheal 
spells. lie offered no explanation of his own, but reviewed the literature for and 
against the use of lactose in intestinal disturbances of infants. Kendall (47) 
previously had suggested that adding lactose to cow’s milk might decrease the 
incidence of summer diarrhea of young children. He based this idea on the 
alteration of the mixed type intestinal flora of the artificially-fed infant’s stool 
to the strictly fermentative type predominant in the normal nursling’s stool. 
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SOME EFFECTS OF LACTOSE IN THE DIET OP CHICKENS 

Considerable use is made of milk and milk products in poultry feeding. For 
this reason, the effects of various amounts of milk sugar in the diet of domestic 
fowl has important practical significance. 

Several investigators have fed milk, lactose and milk products to chickens 
and noted the effects. Shaw (87) concluded from his finding that Barfoed’s 
reagent was not reduced by the intestinal contents of lactose-fed chicks, that 
lactose was not hydrolyzed in the digestive tract of the fowl. He also observed 
that chickens fed from hatching on milk alone died after 3 days. Autopsy re- 
vealed intense inflammation of gastro-intestinal mucous membranes. Hamilton 
and Card (38) observed similar irritation of the mucosa w'hen chickens were fed 
lactose mixed with a moist mash. Diarrhea resulted when over 2 g. of lactose 
per day were fed. However, up to 8 g. per hen per day were utilized fairly 
completely, and therefore, the lactose present in the amount of milk, whey or 
butter milk normally eaten (100-200 ml.) by chickens would be well utilized. 
It is interesting to note the observation that 8 g. per hen per day represented the 
approximate upper limit of lactose that the chickens would eat voluntarily under 
the conditions of their experiment. Plimmer and Rosedale (71), feeding rather 
high levels of lactose in ‘^seewa’’ (a dried whey product), did 7iot observe any 
diarrhea. 

Beach (5) observed that the pH of the cecal contents of chickens changed from 
a normal range of pH 6.9 to 7.4 to an acid range of pH 4.4 to 5.6, when he fed 
lactose alone or in milk products or added to L. acidophilus milk. Beach and 
Davis (6) confirmed this observation of the lowering of cecal pH by lactose. 
They noted dampness of the litter resulting from watery droppings in the chick 
pens where lactose or non-fat dry milk solids had been fed. Kline et al. (48) 
also reported both cartharsis and the lowering of the pH of the intestinal con- 
tent when up to 40 per cent of lactose was fed. The inadvisability of adding 40 
per cent of the sugar to rations for day-old chicks was noted. The large amount 
of fluid material found in the intestine and ceca was stated by Kline et al. to be 
‘'due undoubtedly to the greater ^vater consumption.^' Probably this statement 
is partially true, but there may be other factors contributing tf> the distention 
of the ceca and the fluidity of their contents. Ashcraft (2) observed marked 
lowering of cecal pH and some lowering of large intestinal pH by lactose and milk 
products rations. On such rations the cecal horns were dilated to two or three 
times the normal size, and contained a yellow, frothy mass of material, while on 
milk-free rations the cecal content was brown and firm. A ration containing 20 
per cent of lactose produced no diarrhea, but rations of dry butter milk, nonfat 
dry milk solids or dry whey calculated to contain about 20 per cent of lactose 
produced varying degrees of diarrhea. 

THE EFFECTS OF WHET AND SEPARATED MILK ON GASTRO-INTESTINAL 
MOTILITY IN MAMMALS 

The purgative action of whey probably has been known for a long time. 
There are some rather recent references to this laxative property for the human, 
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rat, pig and chicken. Renaud (75) noted slight diarrhea about 2 hours after 
ingestion of 200 ml. of whey by a fasting human subject. Spindler (93) re- 
ported a “copious diarrhea beginning within a few hours after large amounts 
(2-8 gallons) of separated milk were fed as the sole food to swine. Frothy feces 
appeared after about 3 days of diarrhea. In the preceding section, it may be re- 
called that Ashcraft (2) also noted frothiness of cecal contents of lactose-fed 
chickens. He also not<‘d more severe diarrhea in chickens fed a dried whey 
product than in chick^ms fed otlu^r rations containing the same amount of lactose. 
Fisher (30) obtaiu(»d preliminary evidence to indicate that la(‘tose was not the 
sole factor causing diarrhea when wdiey was fed. On the other hand, the salt 
content of whey was not the sole factor responsible. These results, w'hile sugges- 
tive, are not conclusive, since only a small number of experimental animals was 
employed. However, the recent work of Daniel and Harvey (19) also indicated 
that the soluble salts of whey increase the tendency toward diarrhea wdiich exists 
on lactose rations. 

THE MECHANISM OP LACTOSE-INDUCED LAXATION 

The mechanism by which lactose acts to produce diarrhea is not definitely 
known. There are several possible mechanisms: 

(a) One possibility is^that lactose directly irritates the intestinal muscula- 
ture, thereby stimulating the muscles and resulting in stronger or more frequent 
contractions. Results obtained by Feldberg and Solandt (29), wuth isolated in- 
testinal segments from rabbits, indicate that this is not the case. More evidence 
supporting this observation should be obtained. Rettger and Cheplin (76) noted 
that when enough lactose (300 g.) w^as ingested, diarrhea tended to occur and 
much lactose was excreted in the feces. From this observation they concluded 
(76, p. 110) that “the excess of lactose in itself caused some intestinal irritation 
either directly or through the production of more acid than could be neutralized 
or absorbed as quickly as it is formed. “ 

(b) A second possible mode of action of lactose in producing laxation is that 
of a hydragogiie, that is, a substance which produces a watery purgation. Pre- 
sumably, hydragogues are effective because, being only slowdy absorbed from the 
intestine, many of their ions or molecules remain within the lumen of the gut and 
thus raise the osmotic pressure therein above that of the blood. Therefore, water 
diffuses into the intestinal lumen from the blood. This excess water distends 
the intestinal w'alls, thus stimulating muscular contraction and also flashes the 
intestinal tract. Lactose seems to fit this description of a hydragogue for the 
following reasons. First, it produces watery purgation. S(H*ond, it is absorbed® 
at only one-third to one-half the rate.of dextrose, maltose or sucrose (1), because 
it is more slowdy broken down (97, p. 115). Some lactose may escape digestion 
in the small intestine and pass into the large intestine (97, p. 114; 76, p. 60, p. 
107). The presence of lactose molecules in the intestinal lumen thus could exert 

2 The term ^Mactose absorption^* has been used in this review to mean hydrolysis and ab- 
sorption as the monosoccharides, glucose and galactose (unless otherwise stated). Most lactose 
hydrolysis probably occurs during the process of absorption (31). 
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the supposed hydragogue action. In support of the possibility that lactose acts 
in this way is the work of Albertoni (1) in which large dogs, fasted for 48 hours, 
were given from 67 to 167 g. of lactose in solution. The dogs were killed an 
hour later, and it was found that considerable lactose and water remained in the 
intestine, and that the stomach and intestine together contained more liquid than 
had been given. 

In the case of such a hydragogue action, if water passes from the blood into 
the intestinal lumen, then either dehydration of body tissues or decreased urine 
volume might be expected. That the action of lactose in producing diarrhea may 
be due to such a dehydrating action was suggested by Whittier (99). Jarvis 
(45), commenting on his observations of babies and on Killian’s unpublished 
work with rats, thought that lactose diarrhea might be one cause of the lowered 
water content of rat tissues which resulted when lactose was fed. In Killian’s 
work lactose was compared with sucrose. The data reported by Whittier vi aL 
do not entirely support the work of Killian. From table 2 in the paper by 
Whittier et aL (101) it can be calculated that the percentage moisture of th(* 
net body weight was greater in the lactose-fed rat than in the sucrose-fed rat 
of each pair, with ad libitum feeding. However, in two pairs of pair- fed rats 
killed and analyzed at 774 days of age, this difference in tissue moisture was not 
evident, as can be calculated from table 4 of the same paper. Mitchell ct aL 
(56) found more water in the tissues of rats fed lactose, as compared to tissu<*s of 
rats fed glucose. Handler (40), judging from studies of hematocrit values and 
serum protein content of the blood of rats fed 81 per cent lactose rations, found 
no serious dehydration occurring. Urine volume was three times as great a.s 
that of a comparable group of rats fed an 81 per cent sucrose ration. This 
greater urine volume was the result of excretion of galactose in the urim*. The 
data presented by Mitchell and Isbell (57) show that the volume of urine pro- 
duced by rats on a ration containing 75 per cent ground beef and 25 per cent 
lactose is not different from that produced by rats on a 100 per cejit ground beef 
ration. Boecuzzo (82) found that less urine was eliminated by men after taking 
lactose solutions (hypertonic, hypotonic or isotonic solutions) orally than after 
taking an equal volume of water. Holt and Kajdi (41) found that feeding rats 
lactose as the sole article of diet resulted in a greater urine volume, diarrhea 
and a greater water intake. On the other hand, Ershoff (25) did not report a 
greater water intake by rats fed lactose as the only food. However, greater 
w’ater intakes have been reported by others when 87.5 per cent lactose rations 
were fed to rats (35), and when 40 per cent lactose rations were fed to day-old 
chicks (48). 

Two groups of investigators, Schorer and Laffoon (84) and Epstein and 
Thompson (24), presented evidence that lactose-sodium citrate solutions were 
effective in diminishing the so-called “dehydration” weight loss of newborn in- 
fants. The sodium citrate was supplied as a hydrating agent, the lactose as a 
food. The ^-lactose-sodium citrate solution was more effective than the a-lactose- 
sodium citrate solution in this respect. Also, the ^-lactose solution alone was 
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more effective than the a-lactose solution, but iieitiicr su}j:ar alone was as effective 
as either of the lactose-sodium citrate combinations. This evidence seems to 
indicate that the sodium citrate was the main hydratinj^ agent involved, while 
the lactose effect on birth weight decline may be due to its value as a hydrating 
agent, or as an energy source. The hydrating or dehydrating action of lactose 
therefore is not yet definitely established. 

Hurst (44 p. 331) was of the opinion that sweet milk liad practically no effects 
on bowel movements, although many persons considered milk to be constipating. 
Much more recently, llosoi ct al. (42) have stated that milk should not be given 
if it is desired to prevent bowel movements, because mill, leaves a large residue 
in the terminal ileum. Their ex])eriments, which were i>erformed Avith dogs, 
indicate that when a small residue is desired, any common food sugar except 
la(ftose may be included in the low residue diet. Milk and lactose were predom- 
inant among the foods which left both a large moist residue and a large dry 
residue. This copious dry r(*sidue suggested to these investigators also that 
lactose, due to poor absorption by the mucosa, might act by increasing the fluid 
content of the int(*stine and thus produce laxation in the same manner as does 
magnesium sulfate. A solution having a lactose concentration equal to that of 
milk passed very rapidly through the small intestine. Hut, in general, when lac- 
tose Avas fed with other foods, the rate of passage* of the residues through the 
small intestine Avas not increased, while the total residue excreted Avas increased. 
Childrey et aL (15) later reported that lactose giATn 1 day interfered Avitli the 
digestion of foods eaten both on the same day and on the following day. j\litchell 
et al. (56) have also noted the impaired digestion of organic nutrients resulting 
from lactose feeding. Outhouse ct al. (68) showed that the fecal pellets of 
lactose-fed rats had a significantly greater dry Aveight than the fecal pellets of 
litter mates fed different rations. Mitchell and Isbell (57) also found that 
heavier feces (on the wet basis) were obtained from lactose-fed rats. Other 
references to the effects of lactose on the digestibility of organic nutrients and 
on the amount of feces excreted IniA'e been discussed in the section on intestinal 
motility in infants. The reported evidence thus seems to shoAV rather conclusively 
that lactose docs increase the amount of food residue excreted from the intestine. 

Koehler ct al. (50) have suggested that if the failure of lactose (1.5 g. per 
kg.) to raise the blood sugar level of normal young adults is due to delayed ab- 
sorption resulting from slow hydrolysis of the lactose, then the rate of hydrolysis 
of lactose must be very much slower than that of starch. They have suggested 
further that rapid passage of lactose residues through the intestine may interfere 
with hydrolysis, even when appreciable amounts of the lactose-splitting enzyme 
are present, but no experiments w^ere performed to test this possibility. The 
question of whether the fast rate of passage of lactose is the cause or the effect 
of the slight hydrolysis of this sugar thus remains to be settled. 

Further evidence that the amounts of lactose hydrolyzed are small is furnished 
by many observations of "‘pot-bellies’’ in lactose-fed animals. Mitchell (60) 
described this pot-bellied appearance in rats of all strains used by her, when 70 
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per cent lactose rations were fed. Autopsies revealed that the cecum usually 
was greatly distended and filled with fluid or a semi-solid mass of material. 
Mitchell noted that the Wistar strain suffered greater cecal distention than the 
other strains, due mostly to more gas. She reasoned that rats of this strain prob- 
ably did not absorb as much of the lactose as rats of the other strains. The 
bloated condition also has been observed by Mitchell et aL (56). Other investi- 
gators (54, 63, 95) have observed that the ceca of lactose-fed rats were distended 
and contained a watery, whitish material, which they presumed to be mainly 
unabsorbed lactose. Ershoff and Deuel (26) reported that rats fed 73.2 per 
cent lactose diets sometimes had ceca enlarged in size to almost 20 times those of 
similar rats fed non-lactose rations. Ershoff (25) found that all of his rats fed 
only lactose had pot-bellies when alive and showed distention of the cecum at 
autopsy. Riggs and Beaty (79) observed abdominal distention of increasing 
persistence and severity as the percentage of lactose in the ration was raised from 
20 to 25, 30, 40 and 50 per cent. Ashcraft (2) noted that the coca of lactose-fed 
chickens were distended two to three times the normal size. It can be seen in 
table I of the paper by Mitchell and Isbell (57) that the actual w'et weight of 
the cecal content was more than doubled by incorporating 25 per cent of lactose 
into an all-meat ration. Similarly, table 2 in the paper by Whittier et al. (101 ) 
shows a heavier intestinal content as a result of lactose feeding. 

(c) Possibly lactose acts to produce diarrhea indirectly through the altera- 
tion of the intestinal flora to an aciduric type. This aciduric flora might then 
produce diarrhea in any one or more of several possible ways. That the flora 
alteration is not the primary cause of the diarrhea is indicated by the rapid onset 
of the diarrhea after lactose feeding (26), whife the complete flora transforma- 
tion requires from 3 to 6 days (76, p. 17; p. 76). 

(d) Another way that lactose may act is by changing the pll of the intes- 
tinal contents enough to stimulate the intestinal muscles directly. Robinson 
(80) has shown that laxatives, including lactose, produce a lowered pll in the 
feces of men. Others (2, 5, 6, 14, 43, 48) have demonstrated a lowered pll in 
the intestinal contents of various species when lactose was fed. Robinson and 
Duncan (81) reported that the degree of pH lowering by lactose was dependent 
upon the character of the diet. A much greater effect was produced by a vege- 
table diet than by a meat diet, even though each diet contained the same percent- 
age (25 per cent) of lactose. The possible relationship of the change in intes- 
tinal flora to the change in acidity has been investigated extensively (14, 43, 51, 
73, 76, 98). However, Beach (5) has shown that, in the chicken at least, the 
initial pH change occurred very quickly (2 to 2.5 hours) after lactose feeding 
before much change in the flora could have occurred. Therefore, the initial 
pH change associated with lactose ingestion probably is not the result of the 
flora change. It is possible that the pH change is responsible for the laxation. 
However, it seems more probable that the laxation is responsible for the initial 
pH change, for the increased rate of passage of residues would be expected to 
interfere with the neutralization and absorption of acids (37). 
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(e) Bergeim et al. (7) have shown that lactose maintains a positive oxida- 
tion-reduction potential in the intestine. Of the other foods tested, only raw 
apple possesses in common with lactose the ability to maintain a positive po- 
tential. The possible relation of this observation to lactose diarrhea remains 
obscure, but it is interesting to note that raw apple is considered by many to be 
a good bowel regulator. 

(f) There is one more conceivable way in which lactose may produce its 
laxative effects. It has been shown repeatedly that the laxative action is due 
to the lactose molecule per sc, and not to its hydrolysis products. When a large 
amount of lactose is ingested, a small part of the disactharide may be absorbed 
into the blood stream without being hydrolyzed in the process (97, p. 115). 
Such minute amounts of unsplit lactose conceivably may act from the blood on 
the nerve supply of the intestine to increase muscular activity. Such a theory 
has been proposed (44, pp. 349-350) for the mode of action of saline purgatives. 
However, this possibility seems unlikely in the case of lactose, since diarrhea 
ap])arently has not been reported after lactose injections into the blood stream, 
but perhaps no observations were made to determine whether or not diarrhea 
had occurred following the lactose injections. Furthermore, in the case of in- 
jected lactose, the rapid renal elimination of the sugar would be expected to pre- 
vent a prolonged stimulating effect, while in the case of ingested lactose, the 
continuous absorption of small amounts of the unsplit lactose molecule might 
be expected to exert a prolonged action. 

SOME EFFECTS OF OTHER DIETARY CONSTITUENTS ON LACTOSE-INDUCED DIARRHEA 

The work of several investigators indicates that the kind and amount of salts 
ingested with lactose affects the rate of lactose hydrolysis and the incidence and 
severity of diarrhea. Mitchell ct al. (61) fed rats adequate diets containing 
60 per cent lactose and the Osborne and Mendel salt mixture. This mineral 
mixture supplied 0.5 per cent calcium. Additional calcium (0.5 or 1 per cent) 
was added in the form of a different salt for each experiment. The phosphate, 
carbonate, citrate and levulinate of calcium at both levels gave good growth, the 
same degree of galactemia and incidence of galactose cataract, hut less diarrhea, 
in general, than the 60 per cent lactose ration without added salts. Calcium 
lactate at the 0.5 per cent level gave similar results, but at the 1 per cent level 
it tended to decrease diarrhea, yet produced toxic effects. Both the 0.5 and the 
1 per cent levels of calcium gluconate gave different results. Poor survival, toxic 
symptoms, weight loss, low blood sugar and no galactose cataract were observed 
together with diarrhea of a severe nature, especially when the 1 per cent level of 
calcium gluconate was fed. Sodium gluconate gave similar but more severe 
results than calcium gluconate. Calcium gluconate apparently did not inhibit 
the absorption of glucose or galactose or the digestion and absorption of sucrose, 
dextrin or starch. Growth efficiency w^as as good with gluconate as without, 
when glucose and galactose were fed. Therefore, it was thought that the gluconate 
radical somehow interfered with lactose utilization, perhaps by inhibiting lactase 



150 


JESSIE E. FISCHER AND T. S. SUTTON 


enzyme activity. Most of the rats fed the lactose ration plus calcium or sodium 
gluconate showed as severe diarrhea after several weeks as at first ; thus adapta> 
tion generally was prevented by the gluconates. There were a few rats which 
survived the feeding of lactose plus gluconate, showing improved growth rate 
and efficiency of gain in spite of the persistent diarrhea. In these inexplicable 
cases, the growth recovery indicates the occurrence of adaptation while the con- 
tinuing diarrhea contraindicates such an occurrence. 

Coryell and (Christman (17) have presented evidence to show that calcium 
chloride given with lactose by stomach tube to fasted rats decreased the hydro- 
lysis of the lactose and also decreased the absorption of the galactose. It has 
been shown by Nordbii (66) that lacto.se combines with calcium and magnesium 
to form non-ionized compounds. Nalder (64) thought that this combination 
might explain the interference of calcium with lactose hydrolysis and galactose 
absorption. 

Riggs and Beaty (79) found no difference in growth, food utilization or oc- 
currence of diarrhea when litter-mate rats were fed a 50 per cent lactose diet 
containing 3.5 or 7 per cent of a salt mixture (U.S.P. Xll salt mixture #2). 

The salts of whey, as compared to an equal percentage (13 per cent) of the 
salts of McCollum’s salt mixture, were found by Fisher (30) to intensify diar- 
rhea on a 41 per cent lactose ration. Daniel and Harvey (19) reported that 50 
per cent lactose rations containing whey protein produced a more persistent 
diarrheal condition when the soluble ash of the whey remained wdth the protein 
than when this ash was removed by dialysis. 

Boutwcll et al. (10) reported poor outward appearance and the occurrence 
of diarrhea in rats during the first 6 to 12 days of feeding a ration containing 
48 per cent lactose and 28 per cent corn oil. A similar ration containing 28 
per cent butter fat in place of the corn oil gave better growth, larger feed intake, 
and good outward appearance. Boutwell et al. (11) later reported less diarrhea 
among rats fed the ration containing 48 per cent lactose and 28 per cent butter 
fat than among rats fed the ration containing 48 per cent lactose and 28 per cent 
corn oil. On the other hand, Deuel et al. (21) reported no difference in nutritive 
value of butter fat and vegetable fats when fed to rats in a ration with 70.6 per 
cent of nonfat dry milk solids and vitamin supplements. These workers elimi- 
nated from the experiment any litter of which two or more members developed 
diarrhea. It would appear that if butter fat prevents the occurrence or reduces 
the severity of lactose-induced diarrhea, then a physiological difference betw^een 
the food fats in question has been demonstrated. Perhaps this point should be 
considered more carefully in work of this sort. In a later experiment, Ershoff 
and Deuel (27) studied the length of survival of rats fed diets of 70 per cent 
carbohydrate and 30 per cent fat. Survival was longer with sucrose than with 
lactose. The kind of fat fed did not influence significantly the length of survival 
on the sucrose rations, but on the lactose rations butter fat or margarine allowed 
significantly longer survival than did corn oil or cottonseed oil. 

Rojas et al. (83) found that the absence of fat from the diets of dairy calves 
did not interfere with the utilization of the amounts of lactose usually consumed 
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in a separated milk ration. As noted previously, doubling? the amount of lactose 
in the separated milk produ(*ed diarrhea. However, no study was made of the 
effect of doublinfr the lactose content of whole milk fed to calves. 

Ershoff and Deuel (26) observed severe diarrhea and death of weanlinj? rats 
fed a 73.2 per cent lactose ration. Each rat was given 800 mg. of corn oil per 
day. The average survival time for rats of the Long-Evans strain fed /^-lactose 
was 4.9 days. When 10 per cent of lard, oleo or butter fat was fed, the average 
survival times were 2.4, 3.0 and 3.2 days, respectively. Mitchell (59) fed rats 
rations containing per cent of hniter fat and varying amounts of lactose. At 
the 60 and 45 per cent lactose* levels, growth was poor, while at the 30 per cent 
level it was practically normal. However, Riggs and Beaty (79) reported 
slower growth in the early part of an experiment in which rats w^ere fed diets 
containing 5 per cent fat and 30 per cent lactose. These rats recovered and 
weighed as much after 12 weeks as rats fed the basal cornstarch ration. That 
the difference in growdh at the 30 per cent lactose level was perhaps due to the 
higlier fat content of Mit('heirs diets w’as suggested by Riggs and Beaty. Their 
observation of rapid growth and only slight diarrhea in rats fed dried w'hole 
milk (27.5 per cent fat, 37.5 per cent lactose) where the lactose intake was about 
33 to 34 g. per kg. per day supports this suggestion. Such large lactose intakes 
caused severe diarrhea on the 5 per cent fat ration. Thus apparently the favor- 
able effect of larger amounts of fat w’as due not to a reduction in lactose intake, 
but ratlier to an improvement in lactose utilization. How’cver, Riggs and 
Beaty (79) did not think it likely that fat directly affected the hydrolysis of 
lactose. Such a conclusion is supported by the w’ork of Coryell and Christman 
(17). They sluAved that vegetable fat (Mazola) given with lactose by stomach 
tube did not alter significantly the amount of lactose hydrolysis or of galactose 
absorption. Nieft and Deuel (65) also reported that corn oil did not alter lac- 
tose hydrolysis, but contrary to the results of Coryell and Christman (17), they 
reported that galactose absor])tion was delayed by fat. These contradictory re- 
sults as regards galacdose absorption perhaps may be exj)lained by differences in 
the methods used. 

Ershoff and Deuel (26) tried adding various supplements to the 73.2 per 
cent )S-lactose diet which they fed to w'eanling rats of the Loiig-Evans strain. 
The average survival time for such rats fed the )3-lactose ration without su]>ple- 
ments w^as 4.9 days. The survival time w’as lengthened to 7 dr 2 days by feeding 
10 per cent of dried mammalian liver, and to 11 d= 3 days by feeding dried tuna 
liver. The rats fed these supplements gained weight the first 5 to 7 days, then 
lost weight and showed the typical j3-lactose syndrome, including severe diar- 
rhea. Other supplements (lard, oleo, butter fat, cream, wheat germ oil, biotin, 
brewers’ yeast) were ineffective in lengthening survival time. 

THE USE OF LACTOSE WITH AND WITHOUT L. ACIDOI»HlLUS FOR TREATIN' (J 
CONSTIPATION AND TRANSFORMING THE INTESTINAL FLORA 

Lactose has been used extensively in conjunction wuth L, acidophilus milk for 
treating constipation of human adults, making difficult any evaluation of the 
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effect of the sugar alone. However, a few investigators have employed the sugar 
alone. Traube (96) recommended 9 to 15 g. of lactose in 0.25 1. of warm milk, 
taken in the morning on an empty stomach. Albertoni (1) recommended 20 g. 
of lactose taken in water. Boros (8, 9) reported that 16 out of 20 cases of con- 
stipation selected at random were benefited by lactose therapy and a prescribed 
diet. Two tablespoons of lactose in one-half glass of cold water were given twice 
a day. This is equivalent to about 38 g. per day.“ In some cases a few days 
were required before results were observed. The doses of sugar could be re- 
duced or cut out entirely after normal bowel habits were established. 

Metchnikoff (55) first recommended the use of Bulgarian sour milk as a 
means of prolonging life, reasoning from observations of the long life of some 
Bulgarian peasants and from some rather meager experimental results obtained 
in his laboratory. His theory was that LactobacilLvs hulgaricus became im- 
planted in the intestine to the exclusion of harmful bacteria. How'ever, several 
investigators have shown that L. hulgaricus does not survive in the digestive 
tract. 

liettger and Cheplin (76) have given a complete review of the literature on 
the subject of sour milk organisms in the intestine and have given a detailed ac- 
count of their work in the field. They showed that L. acidophilus and L. hifidus 
(which may be identical organisms) can be stimulated to grow and to form a 
large part of the intestinal flora by feeding lactose, dextrin or massive doses of 
cultures of the organism. The probable explanation of the stimulating action 
of lactose and dextrin alone among the carbohydrates is that only these tw^) car- 
bohydrates reach the large intestine in large amounts and there provide a suitable 
food source for the L. acidophilus organism. These workers found that the 
intestinal flora of rats usually was transformed completely to an aciduric type; 
by feeding 2 g. of lactose or dextrin per day, by 2 ml. of a culture of L. acido- 
philus or by 1 g. lactose or dextrin with 1 ml. of the culture. In a similar man- 
ner, the human intestinal flora usually was transformed completely by 300 to 
400 g. of lactose or dextrin, by 300 ml. of L. acidophilus culture or by 150 g. of 
lactose or dextrin and 150 ml. of the culture. Also, in man, the flora transforma- 
tion was effected by 1000 ml. of a 2-to-24 hour culture of L. acidophilus in milk 
or by 500 ml. of such a milk culture plus 100 g. of lactose. 

It is interesting to note that 300 g. of lactose, the dose usually needed for 
complete transformation of the flora in man, corresponds to the approximate 
level where a tendency toward diarrhea was observed by these investigators. 
Others (1, 53, 80, 96), how'ever, have observed diarrhea in man after ingestion 
of somewhat smaller amounts of lactose. Rettger and Cheplin were aware of 
a possible direct effect of lactose on intestinal motility. However, liettger et al. 
(77) considered that the relatively large amounts of lactose which they em- 
ployed with L. acidophilus milk for successfully treating some types of constipa- 
tion constituted a pabulum for the organisms, rather than having any direct 
benefit. 

8 This figure of 38 g. per day was obtained by assuming that one level tablespoon of 
lactose weighs | oz. Thus the four-tablespoon intake would correspond to li oz., or 37.8 g. 
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Kopeloff and Cheney (52) obtained relief from chronic constipation by driving 
1000 ml. of L. acidophilus whole milk and 300 pr. of lactose per day. They also 
treated diarrhea with the milk, but omitted the lactose because of its known 
diarrheal effects. Kopeloff (51, p. 109) satisfied himself by numerous experi- 
ments that the effects of the L. acidophilus milk were mainly bacterioloj?ical, 
rather than physical or chemical. He (51, p. 52) realized the benefits in treat- 
ing constipation, of using lactose with the milk and of continuing the use of lac- 
tose after discontinuing the milk tri'atment for prolonging the beneficial effetds. 
lie postulated (51, p. 53) that the benefits might be due either to lactose being 
a suitable pabulum for L, acidophilus in the intestine, or to lactose per se reliev- 
ing constipation. Apparentl}", he believed the first possibility to be the case, 
since the use of lactose alone did not produce as uniformly good results as its 
use wdth L. acidophilus milk, and the addition of lacto.se to L. acidophilus milk 
produced no great improvement over the use of L. acidophilus milk alone. 

On the other hand, Clark and Perry (16) got much better results when lactose 
was given with L. acidophilus milk than when the milk was given alone. They 
reported less constipation in 80 per cent of their patients given 1 quart of L. 
acidophilus milk per day with 75 g. of additional Imdose, while only 30 per cent 
of the patients given 1 (piart of the milk alone were less constipated, and 40 per 
cent were more constipateii. It is to be noted that these workers used much 
smaller amounts of lactose than did Rettger et al, (77) and Kopeloff (51). A 
possible explanation for the failure of Clark and Perry to get better results with 
the milk alone might be that their milk perhaps did not contain sufficient num- 
bers of viable organisms. Cruickshank (18) thought that the effectiveness of 
L. acidophilus milk was due to a combination of viable organisms and the un- 
fermentod lactose in the milk. 

The results of these various investigators seem to conflict. It is difficult to 
ascertain from a study of their work whether or not lactose alone has any thera- 
peutic value in treating constipation, but the indications are that it possibly has 
some such value. It does seem, from a consideration of the work which has been 
done, that lactose has at least indirect benefits in constipation through the en- 
couragement of the L, acidophilus organisms. According to Kopeloff (51, pp. 
115-116) these organisms may produce their btuiefits in several possible ways: 

‘^(1) L. acidophilus may secrete enzymes which act directly upon the intes- 
tinal mucosa to stimulate i)eristalsis. (2) L. acidophilus may secrete or excrete 
substances toxic to putrefactive organisms. (3) L. acidophilus may change the 
hydrogen ion concentration of the intestinal tract to such a degree as to inhibit 
the growth of putrefactive organisms. (4) L, acidophilus may change the hydro- 
gen ion concentration of the intestinal tract to such a degree as to stimulate per- 
istalsis directly. (5) L. acidophilus may produce lactic acid of chemical struc- 
ture different from inactive lactic acid or that produced by other microorganisms 
usually present in the intestine which may directly stimulate peristalsis.” 

It has been suggested by Smith (92) that a high -lactose diet alone is not so 
effective in transforming the flora in the intestine of man as in the intestine of 
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the rat. This relative ineffectiveness of lactose alone partially may explain the 
variability of results which have been obtained in attempted therapeutic applica- 
tions of L. acidophilus and lactose feeding in man. Smith (92) also observed 
that the transformation of the intestinal flora was aided by giving laxatives with 
lactose. He reasoned that the laxatives probably increased the rate of passsage 
and hindered absorption of the lactose, allowing larger amounts to reach the 
lower bowel, there to stimulate the aciduric organisms. This observation con- 
firms the theory, of the Yale workers (76) that lactose can stimulate L, acidophi- 
hts because such large amounts reach the lower bowel unabsorbed. 

• Mitchell (59), working with rats, observed that increasing percentages of 
food sugar lost in the feces and increasing percentages of L, acidophilus paral- 
leled increasing percentages of lactose in the ration. L. acidophilus constituted 
50 per cent or more of the flora when 30 per cent or more of lactose was fed. 
But at 45 and 60 per cent levels of lactose feeding, poor growth of the rats was 
obtained, even though a higher percentage of L. acidophilus was found in the 
flora. In a companion paper, Mitchell (58) found that the high percentage of 
L. acidophilus lasted only while diarrhea accompanied lactose feeding. On a 
60 per cent lactose ration, the L, acidophilus count dropped from 80-95 per cent 
of the total flora to 13-15 per cent of the flora when intestinal stasis was pro- 
duced by giving a few grains of **tannalbin’' daily as an astringent. The diar- 
rhea stopped in a few days and the growth rate changed from a decreasing rate 
to an increasing rate in 2 weeks. When Dragstedt et al. (22) produced intes- 
tinal stasis by reversing a 12-inch segment of intestine or by ligation of the in- 
testine, the flora was proteolytic in character, irrespective of the nature of the 
diet. 

ADAPTATION TO IiACTOSE FEEDING 

An animal may adapt to lactose feeding; that is, the diarrhea may become 
less severe, may occur less commonly or may even cease entirely if the animal 
continues to ingest rather large amounts of lactose over a period of time. Sev- 
eral investigators have reported adaptation to lactose feeding in rat experiments. 
Whittier et aL (101) noted that rations containing 45 and 63.5 per cent of lac- 
tose produced diarrhea and retarded grow^th in weanling rats, but that these rats 
recovered in about 3 weeks. Mitchell and Dodge (62) observed that the diar- 
rheal condition of young rats fed 70 per cent lactose diets subsided in time, but 
the fecal pellets continued to be softer than usual. Morgan et al. (63) reported 
cessation of diarrhea after a week or two in rats fed a 65 per cent lactose ration. 
Mitchell et al. (61) found that young rats fed rations containing 50 per cent or 
more of lactose outgrew the lactose diarrhea in a few weeks, except when the 
ration contained 0.5 per cent of calcium gluconate or of sodium gluconate. When 
either of these salts was included in the diet, the severe diarrhea in most cases 
persisted after several weeks. These investigators implicated the gluconate 
radical; and since this radical did not inhibit glucose or galactose absorption, 
they thought that it must interfere with lactose hydrolysis, possibly by some 
mechanism of ‘‘competitive inhibition '' of lactase action. Riggs and Beaty (79) 



LACTOSE AND GASTKO-INTESTINAL MOTILITY 


155 


recently have shown again that rats, through the repeated daily ingestion of lac- 
tose, develop the ability to utilize lactose without suffering from diarrhea. 

Possibly the mechanism of adaptation to lactose feeding is an increased pro- 
duction of the lactase enzyme in the intestinal mucosa, but there is no evidence 
in the literature to support this possibility. Mitchell (58) noted that the acidu- 
ric intestinal flora produced by lactose feeding tended to revert to the putrefac- 
tive type after a time if lactose ingestion was continued. This observation may 
indicate that smaller amounts of unhydrolyzed lactose were reaching the lower 
levels of the bowel, and therefore that lactose-hydrolyzing ability bad been in- 
creased in some way. One possibility is that the mucosal cells lining the intes- 
tine had been stimulated to produce larger amounts of lactase enzyme. The 
previously cited observations of decreased incidence and severity of lactose-pro- 
duced diarrhea after some time on lactose diets may indicate the same mechanism 
of increased lactose hydrolj^sis due jiossibly to increased lactase production. 
Therefore, a consideration of the properties and occurrence of this enzyme is 
important. 

Florey et al. (31) reviewed some of the literature on the subject of lactase 
and concluded that most of the lactase action is due to the mucosal cells rather 
than to the intestinal juice, and therefore, that most lactose digestion occurs 
during absorption. 

Plimraer (70) used a copper reduction method to slunv that lactase was pres- 
ent in the intestines of young mammals and persisted in older mammals of some 
species, but not of other species. The guinea pig, for example, lost its intestinal 
lactase activity in 5 weeks after birth, while lactase activity continued to some 
extent in the adult dog and rabbit. Experiments showed that lactase production 
was not increased by feeding milk and lactose. 

Plimmer and Rosedale (72) and Hamilton and Mitchell (39) demonstrated 
the presence of the enzyme in the crop of the chicken, but not in the proventricu- 
lus, pancreas or intestine. 

Cajori (12) could not find lactase in intestinal juice and thought that either 
lactose must be absorbed in part without being hydrolyzed, or else the enzyme 
action was carried on in the mucosal cells. Later he (13) reported lactase in the 
jejunal and duodenal mucosa and in the liver. The jejunal mucosa had a lac- 
tase activity 10-30 per cent greater than that of the duodenal mucosa. The 
liver lactase activity was very small. The optimum pH range for dog intestinal 
lactase was 5.4 to 6.0. Glucose inhibited lactase action, for in the presence of 
glucose 40 per cent less lactose w as hydrolyzed in 22 hours. Galactose had prac- 
tically no effect. 

Brshoff and Deuel (26) reported a strain difference with respect to average 
survival time and severity of diarrhea in rats fed a 73.2 per cent lactose ration. 
They proposed that this difference might be due to a difference in intestinal lac- 
tase activity. The University of Southern California strain was not as severely 
affected as the Long-Evans strain, indicating possibly greater lactose hydrolysis. 
Species, age and individual differences in susceptibility to lactose feeding have 
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been discussed previously, and these also may be due to differences in lactase 
activity. 

Koehler et al. (50) expressed doubt that slight lactose hydrolysis necessarily 
was the cause of the rapid rate of passage of lactose. They theorized that the 
rapid passage might be the cause of the slight hydrolysis, even when considerable 
amounts of lactase were present, since there would be little time for enzyme 
action. If this were so, then perhaps some method of action of lactose other 
than a hydragogue effect would be indicated. 

SUMMARY 

The literature dealing with the effects of lactose on the rate of movement of 
food residues in the gastro-intestinal tract has been reviewed. Species, strain, 
age and individual differences in susceptibility to lactose-induced laxation have 
been reported. 

A lactose feeding level of 20 per cent of the diet often induces diarrhea in 
weanling rats of the Sprague-Dawley strain. When lactose in sufficient amounts 
to produce diarrhea is fed, the animals exhibit pot-bellies, slow growth and re- 
duced feed consumption. These symptoms become progressively more severe 
and persistent as the percentage of lactose in the ration is increased. The lowest 
levels of lactose feeding which will initiate diarrhea in species other than the rat 
have not been carefully determined, although the occurrence of diarrhea has been 
reported in all species studied. 

Early death in rats fed rations containing 61.8 to 100 per cent lactose has 
been reported by several investigators. 

The lactose linkage apparently is responsible for the diarrhea and some of 
the other symptoms noted when moderate to large amounts of lactose are fed. 

The literature reports, based generally upon case studies rather than upon 
carefully controlled experiments, indicate that more than about 12 to 19 per cent 
of lactose in the formula is apt to cause diarrhea in human infants. This may 
be compared with 10 to 15 per cent for puppies, and 20 per cent for weanling 
rats. Other reports suggest that smaller amounts of lactose may be valuable in 
controlling or preventing diarrheal conditions. 

The available evidence indicates that lactose in large amounts (20 per cent or 
more of the ration) tends to produce diarrhea in chickens and to lower the pH 
of the contents of the ceca markedly and of the large intestine somewhat less. 
The ceca are distended by a frothy liquid material. Water consumption is in- 
creased. When lactose constitutes about 40 per cent of the ration of young 
chicks, extreme inflammation of intestinal mucous membranes may result, and 
death often may ensue. 

The evidence seems to show that the purgative action of large amounts of 
skim milk and whey is due partly, but not entirely, to lactose. 

Lactose may act to produce diarrhea in several possible ways, for example : 

(a) Direct stimulation of intestinal muscles, (b) Hydragogue action; inter- 
fering with absorption of water and organic nutrients, (c) Alteration of intes- 
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tinal flora to an aciduric type, the aeiduric flora then acting in several different 
possible ways, (d) Alteration of pH enough to stimulate the intestinal muscula- 
ture. (e) Maintenance of a positive oxidation-reduction potential, (f) Stimu- 
lation of intestinal muscle through its nerve supply by small amounts of unhydro- 
lyzed lactose in the blood. 

Of these possibilities, the first, third and sixth are contraindicated by the 
available evidence, while the fourth appears to be an effect rather than a cause 
of the diarrhea. The possible relation, if any, of the positive oxidation-reduc- 
tion potential to lactose diarrhea is not clear. Thus, at the present time, the 
second possibilit}^ that of a hydragoguc type of action, seems most plausible. 
However, some evidence does not support the idea that tissue dehydration is 
accomplished by persistent lactose diarrhea. D(*hydration would be expected if 
a continuous hydragogue action were involved, unless water consumption were 
increased or urine volume decreased. It has been shown that water intake 
sometimes is increased, at least on rations consisting solely or largely of lactose. 
On siKih high-lactose rations, urine volume also increases as a result of the 
urinary excrt*tion of galactose, wdiereas urine volume decreases in many diar- 
rheal conditions. However, the work of one investigator does indicate decreased 
diuresis when lactose is given. Water balance experiments at lower lactose feed- 
ing levels seem to be desirable in order to better evaluate the possibility of a 
hydragogue type of action. 

Other dietary constituents seem to influence the occurrence, severity and 
persistence of lactose-produced diarrhea. Certain calcium salts may decrease the 
severity of the diarrhea to some extent, while both calcium gluconate and sodium 
gluconate seem t<) increase the severity of the diarrhea and prevent adaptation to 
lactose feeding. It has been demonstrated that calcium chloride decreases the rate 
of lactose hydrolysis and galactose absorption. A certain portion of the salts of 
whey intensifies and prolongs lactose diarrhea. Increasing the amounts of fat 
in the diet tends to decrease the diarrhea, and there is some indication that butter 
fat may be more valuable in this respect than certain other food fats. The feeding 
of liver may postpone but not prevent the appearance of lactose-feeding symptoms 
on a high-lactose diet. 

Lactose has been used successfully in conjunction with and for prolonging the 
effect of L. acidophilus in transforming the intestinal flora to a predominantly 
aciduric type. The use of lactose without L. acidophilus seems to have definite 
therapeutic possibilities as yet little investigated. Evidence indicates that the 
permanent transformation of the flora by lactose depends upon sufficient amounts 
of the sugar continually arriving in the lower bowel, for the flora reverts to the 
normal mixed type when lactose feeding is discontinued or when intestinal stasis 
is produced. 

Adaptation to lactose feeding is evidenced by the diarrheal condition becoming 
less conspicuous or disappearing completely. 

Lactase occurs in the mucosal cells of the intestines of mammals, but not to any 
extent in the intestinal juice. Therefore, lactose hydrolysis must be mainly an 
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intracellular process, occurring during absorption. Since lactose diarrhea 
probably is the result of slight lactose hydrolysis and the resulting hydragogue 
effect, then the species, strain, age and individual differences in the severity of 
lactose feeding symptoms might bo due to differences in intestinal lactase activity. 
Also, it seems likely that adaptation to lactose feeding is brought about by in- 
creased intestinal lactase activity. The results of one early investigator indicate 
that increased lactase activity does not result from continued milk or lactose 
feeding, but these experiments have not been confirmed. 
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ASCORBIC ACID OXIDATION IN MILK BY PREFORMED 
HYDROGEN PEROXIDE 


VLADIMIR N. KRUKOVSKY 

Department of Dairy Industry 
Cornell University^ Ithaca, N. Y. 

The following experiments were undertaken to ascertain whether the activity 
of peroxidase or of some other substances were resi)onsible for the rapid promo- 
tion of oxidation of ascorbic acid in milk to dehydroascorbic acid by preformed 
H 2 O 2 . The preliminary inforination pertaining to the subject was obtained in 
connection with the studies of the mechanism of the reactions involving ascorbic 
acid oxidation by ad<ied ILOg, resulting in the stabilization of the lipid com- 
ponent of the milk system (4, 5). It was observed that the rate of ascorbic acid 
oxidation varied inversely with the volume of 30 per cent HoOa added to milk, 
and the reaction was retarded ap[)reciably when the amount of the reagent added 
was in excess of that required to oxidize ascorbic acid completely (5). From 
0.021 to 0.03 ml. of 30 per cent H 2 O 2 usually w’as needed to complete ascorbic acid 
oxidation in the milk. This retardation of ascorbic acid oxidation suggested that 
the reaction is catalyzed by an enz 3 uiie which in turn is slowdy inactivated by the 
II202. It was of interest, therefore, to learn if the heat inactivation of peroxidase 
in milk would result in non-reactivity of ascorbic acid and H 2 O 2 , and if the ability 
of milk to utilize II 2 O 2 for th<‘ oxidation of ascorbic acid could be restored by the 
addition of plant peroxida.se. 

The experimental conditions adopted for this study also weie found to be 
convenient for the reinvestigation of the copper catalysis of ascorbic acid oxida- 
tion by H 2 O 2 . This approach was prompted by the studies of Hand and Chase 
(3), w'hich indicated that the dilferences between cof)per and light in their effects 
on the ox^^gen combining power of vitamin could be accounted for by the as- 
sumption that copp(*r catalyzes the oxidation of ascorbic acid by H.JO 2 . 

EXPERIMENTAL 

Zilva (8), in his work on the rate of heat inactivation of peroxidase in milk, 
has shown that heating for several hours at 65° C. produced no effect on the 
peroxidase activity of milk, and that 1.3 minutes at 75° C. reduced its activitj’ 
to 10 per cent. Conse(|uently, the samples of milk used in the present studj" 
were heated for 30 minutes at 61.1 and 76.6° C., respectively. Portions of 
these samples then were treated with either one or several reagents in the fol- 
lowing order (per liter of milk) : 0.09 ml. of II 2 O 2 (10 per cent, standardized 
by titration with potassium permanganate), 1 ml. of horseradish peroxidase 
solution (1) and 0.1 mg. of copper (as copper sulphate). They were held at 
20° C. during the first hour of digestion and then at 2 to 5° C. throughout 
the duration of the experiment. The changes in the ascorbic acid content of 
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the samples were followed by direct titration wdth 2,6-dichlorophenoliiidophenol 
in acid solution (6). 

A comparison of data presented in figure 1 revealed that ascorbic acid was 
oxidized rapidly and completely when II 2 O 2 was added to milk heated to 61.1° 
C., and that the reagent was not utilized for the oxidation of ascorbic acid in 
the milk heated to 76.6° C., the temperature at which, according to Zilva (8), 
the inactivation of peroxidase should be rapid and complete. The reaction was 
induced again, however, by the addition of horseradish peroxidase solution to 
non-reactive milk. 

These results definitely indicate that peroxidase in milk plays an important 



Fig. 3. The effects of the heat treatment of milk and of the subsequently added horse- 
radish peroxidase and copper upon the rate of ascorbic acid oxidation by added hydrogen 
peroxide. 

part in the reaction involving ascorbic acid oxidation in the presence of added 
H 2 O 2 . It does not imply, however, that the peroxidase in milk utilizes IT 2 O 2 
directly for the oxidation of ascorbic acid. It is possible that the foregoing reac- 
tion proceeds in the milk via a series of reactions, resembling the system which 
was described by Tauber in his study of the interaction of ascorbic acid and 
peroxidase (7). 

It also could be seen that only a part of the ascorbic acid in the milk heated 
to 76.6® C., as indicated by the slope of the curve, was oxidized rapidly by H 2 O 2 
with copper as a catalyst. It has been explained recently that copper acts as 
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an accelerator ol ascorbic a(*i(l oxidation to dehydroascorbic acid in milk by at- 
mospheric oxygen and brings the system more quickly to the critical point at 
which the reaction is forced to deviate from its original course. This critical 
point was thought to be governed primarily by the ascorbic-dehydroascorbic acids 
equilibrium (5). This statement was supported by the observations showing 
that the reaction resi^onsible for the breakdown of the lipid component of the 
milk system, reaction whicli manifests itself by a rapid development of the in- 
tense tallowy flavor, is initialed more readily when a certain pressure between 
these two forms of vitamin CJ has been established. Since, in the course of as- 
corbic acid oxidation by IloOa with coi)pcr as a catalyst, dehydroascorbic acid, 
as determined by the (runsalus and Hand method (2), actfumulates in the sys- 
tem, it would be logical to assume that the establishment of an ascorbic-dehydro- 
ascorbic acid pressure* caused the r(*action to slow down. As before, it resulted 
in the promotion of the reaction which jn-oduces the off flavors in milk. This 
secondary reaction was not promoted when ascorbic acid was oxidized with hy- 
drogen-peroxide-poroxidase, either natural or added. 

In addition, it should be pointed out that when II 2 O 2 was added to milk in 
excess of the amount needed to oxidize its ascorbic acid content (from 0.011 to 
0.12 ml. of 30 per cent per liter of milk), the subsequent heating for 30 
minutes at 61.1° C. invariably resulted cither in retardation or inhibition of as- 
corbic acid oxidation by liJh, as determiued by the addition of these reagents 
to milk after the heat tre^atinent. 


CONCLVsrONS 

Evidence is presented to show that })eroxidasc in milk might be responsible 
for the quick conversion of ascorbic acid to dehydroascorbic acid by added hydro- 
gen peroxide. The data show that the reagent was not utilized for the oxidation 
of ascorbic acid in the milk heated to 76.6° C., and that the reaction could be 
induced again by the addition of plant j)eroxidase. 
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PRESBEVATION OF DAIRY PRODUCTS FOR THE 
PHOSPHATASE TEST 

GEORGE P. SANDEBS and OSCAR S. SAGER 
Division of Dairy Products Seseareh Laboratories, Bureau of Dairy Industry, Agricultural 

Besearoh Administration, U. S. Department of Agriculture, Washington SS, D. C. 

Eesults of recent investigations have shown that the alkaline phosphatase of 
cow’s milk is very stable in dairy products that have not undergone spoilage. 
For example, it was shown (7) that the enzyme retains a large proportion of 
its activity, sufficient for determination as an index of pasteurization, in Cheddar 
cheese which had been held in storage for several years. High activity likewise 
has been found, after storage for many months under usual refrigeration condi- 
tions, in samples of soft and semi-soft cheeses, butter, ice cream and sherbet 
made from under-pasteurized milk or cream. Scharer (10) showed that the 
enzyme in milk retains nearly all of its activity under storage conditions for 
considerable periods, in some instances as long as 7 to more than 10 days. 
Eesults of research in the authors’ laboratories have demonstrated also that 
fluid dairy products and perishable soft cheeses, prepared for consumption 
while fresh, retain their phosphatase activity for a much longer time if stored 
under refrigeration conditions adequate to effectively retard spoilage than if 
kept at room temperature. 

However, when spoilage takes place, considerable loss of phosphatase ac- 
tivity occurs. Scharer (10) pointed out that this loss may be due to the in- 
crease in acidity coupled with the inadequacy of the buffer under such extreme 
conditions to maintain the optimum pH. for activity of the enzyme. Scharer 
also pointed out that it is difficult to obtain a representative sample of a milk 
that has spoiled. Eesults here have verified the hypothesis that excessive acidity 
causes partial inactivation of phosphatase. P^irthermore, the results have dem- 
onstrated also that the increase in acidity makes it necessary, for reliable results, 
to modify the test by increasing the concentration and the alkalinity of the 
buffer in order to produce a pll of approximately 10, which is optimum for en- 
zymic hydrolysis (8) (9). 

In addition to the partial inactivation of the enzyme that results from a 
marked decrease in pH, our results have shown that additional inactivation 
occurs in instances in which souring and spoilage are accompanied by proteoly- 
sis. This inactivation suggests a decomposition of the base protein of the phos- 
phatase by proteolytic enzymes produced by microorganisms. Like the inactiva- 
tion produced by heat, this loss of activity accompanying proteolysis cannot 
be restored. 

Conversely, in some instances sufficient microbial phosphatase may be pro- 
duced by abundant growth of certain microorganisms during spoilage of liairy 
products to yield so-called false positive” tests, thus seriously complicating 
the results and the interpretation thereof. 
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Hahn and Tracy (2) investif^ated the use of mercuric chloride, sodium sali- 
cylate, sodium tetraborate (borax), hydrogen peroxide and formaldehyde for 
preserving fluid milk to be tested for phosphatase. They kept samples at room 
temperature for 3 days and used the Scharer laboratory method for testing. 
They concluded that mercuric chloride was the only one of these chemicals which 
was satisfactory. The concentration of mercuric chloride used was stated to be 
one tablet in one-half pint of milk. Newlander (6) described two sizes of tab- 
lets, one containing 0.225 g. and another 0.45 g. of the chloride. Thus, the con- 
centration of mercuric chloride used in milk by Hahn and Tracy may have been 
either 0.09 or 0,18 per cent. 

Neave (5) found that mercuric chloride in a concentration of O.Ol per cent 
‘‘increased the keeping quality of the milk from 1 to 8 da 3 ^s at 68® F.” and 
had no significant effect on milk phosphatase in samj)les tested by a modifica- 
tion of the Kay-Graham method. However, a concentration of 0.02 per cent, 
which apparently is much less than that used by llahn and Tracy, had some 
destructive effect on the enzyme. Later, Scharer (11) reported that one tablet 
of mercuric chloride in one-half pint of milk eoinffletely destroyed the enzymic 
activity in 1 day in pasteurized milk with 0.5 per cent of raw milk added. 
Ilis results indicated that 2 g. of borax per one-half pint of milk, a concentra- 
tion of approximately 0,8 per cent, decreased the phosphatase activity in the 
test from 5 to 3.5 -f units in 3 to 5 days, but that it was the only effective com- 
mon preservative. 

Barber and Frazier (1) stated that mercuric chloride does not interfere with 
the test. They used 3 per cent of it to inhibit bacterial growth in pasteurized 
cream containing phosphatase-producing bacteria, and the results of phospha- 
tase tests after storage were negative. 

Mucciolo and Cerveira (4) reported that a concentration of 0.005 per cent 
of formaldehyde had no appreciable effect on the enzyme in milk stored at room 
temperature for 72 hours. However, the accuracy of their results is not con- 
clusive, since the phenol values stated to be unaffected by the preservative were 
rei)orted as “more than 5 Scharer units, “ a value much too low^ to indicate 
quantitatively the actual phosphatase activity of raw milk. 

The use of chloroform was recommended by Julien et al. (3) as a result of a 
study of various chemicals for the preservation of samples of cheese to be tested 
for extraneous matter. 

Because quantitative methods for precisely measuring phosphatase activity in 
dairy products were not available, it was not possible until recently to secure 
accurate information concerning the kinds, concentrations and inhibitory ef- 
fects of the chemicals that might be used to preserve dairy products for the 
test. The quantitative phosphatase test developed in these laboratories (8) 
requires the use of some reagents that are different from those used in earlier 
tests and involves different and more precise control of the pll, as was pointed 
out earlier (9). In view of these modifications, it was conceivable that the 
newer test might give different and more conclusive results. 



168 


GEORGE P. SANDERS AND OSCAR S. SAGER 


In view of the need for increasing the usefulness and the application of the 
test for all dairy products as an index of pasteurization, and because of the im- 
portance of preserving samples that require shipment without refrigeration to 
a laboratory for testing, it was desirable to investigate the use of preservatives 
with the Sanders-Sager test (8). The objectives of this research were to deter- 
mine the kinds and concentrations of various chemicals that would preserve 
milk and some other milk products for various periods of time at room tem- 
perature ; the possible inhibitory effects of various preservatives on the activity of 
the enzyme ; and the possible interfering effects of preservatives in the test, 

METHODS 

The milks used were fresh and of high quality and were taken from the 
composite milks obtained from a large herd. All samples were prepared by 
pasteurizing a large part of each mixed lot and then adding raw milk in a pro- 
portion of 2.5 per cent. This was done principally to reduce the enzymic ac- 
tivity to a range in which the results of tests could be determined without mak- 
ing dilutions. Thus, the enzymic activities as well as the effects of preserva- 
tives were comparable with those that would be found in grossly under-pas- 
teurized milk and in pasteurized milk contaminated with considerable raw milk. 

Seven lots of milk were used, and 15 to 18 samples, with various preserva- 
tives in different quantities, were prepared from each lot. Thus, more than 110 
samples were tested during storage. The flasks and stoppers were sterilized, 
100 ml. of milk put in each flask, the preservative added and the contents mixed. 
The pH values were determined and phosphatase tests were begun within an 
hour after the addition of preservative. Subsequent pll and phosphatase de- 
terminations were made after storage at room temperature, which was between 25 
and 29® C., for 1, 3, 5, 7, 10, 14 and 21 days, or until extreme spoilage occurred. 
A sample of milk from each lot was stored at 3 to 5® C. as an untreated, re- 
frigerated control and was tested at similar intervals. The samples were ex- 
amined daily for physical evidences of spoilage, including lumping of the fat, 
separation of whey, formation of gas, curdling and unclean odors. 

In some instances in which the phosphatase values increased during storage, 
i.e. in a few samples containing borate, tests for microbial phosphatase were 
conducted by heating 1 ml. of the product in a tube for 5 minutes at 70® C. to 
destroy the milk enzyme, cooling to room temperature and then conducting the 
test in the usual way. A positive test on a sample pasteurized thus is a re- 
liable indication of the presence of microbial phosphatase, i.e. of a so-called 
false positive result. Microbial-phosphatase controls were prepared by adding 1 
ml. of the appropriate barium borate-hydroxide buffer (pH 10.6) to 1 ml. of 
milk and heating the mixture (pH approximately 9.6) in boiling water for 5 
minutes to destroy microbial phosphatase, cooling and conducting the test. 

The samples of cheese were plugs of Cheddar and Swiss cheese, weighing ap- 
proximately 10 g., taken with a trier. They were placed in 1- by 8-inch test 
tubes, containing plugs of cotton moistened with chloroform, as described by 



PRESERVATION FOR PHOSF'UATASE TEST 


169 


Julien et ah (3). Various quantities of ohloroform, from 0.5 to 3 per cent of 
the volume of the containers, were used. The tubes with samples were stop- 
pered tightly and kept at room temperature. Similar samples, without preser- 
vative, were stored at 3 to 5° C. as controls. 

Determinations of the pH values of fluid samples were made with a Beck- 
man glass-electrode pH meter. J*hos])hatase tests were made by the Sanders- 
Sager method (8). 

RESULTS 


The preservatives that were tested experimentally in milk at room tem- 
perature are listed below, with the respective concentrations used and the num- 
bers of days that elapsed before spoilage occurred, as indicated by physical 



Fio. 1. Minimal concentrations of preservatives required to preserve milk for 7 to 10 
davs (2.5 j)er cent of raw milk in pastourized milk). 


changes, principally curdling, and by a relatively steep slope of the pll curve 
to approximately 5 or slightly lower. 

Chloroform; 0.25 per cent, 2 days; 0.5 per cent, 2-3 days; 1 per cent, 6-10 
days; 1.5 per cent, 10-21 days; 2 per cent, > 21 days. 

Toluene: 1 per cent, 2 days; 2 per cent, 6 days; 3 per cent, 8-12 da3"S; 3.5 
per cent, > 21 days. 

Sodium tetraborate (borax) : 0.25 per cent, 3-4 days; 0.5 per cent, 4-7 da^'S; 
0.75 per cent, 8-10 days; 1 per cent, 8-14 days; 1.5 per cent, 10-18 d&ys; 2 per 
cent, 14- > 21 days. 

Sodium metaborate: 0.25 per cent, 4 days; 0.5 per cent, 7 days; 0.75 per 
cent, 11 days; 1 per cent, 13 d&y&. 
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Sodium tetraborate-sodium metaborate mixture, equal parts by weight : 0.25 
per cent, 3-4 days; 0.5 per cent, 4-6 days; 0.75 per cent, 7-10 days; 1 per cent, 
8 days; 1.5 per cent, 10 days; 2 per cent, 13 days. 

Formaldehyde: 0.005 per cent (^.e., 0.0125 per cent of a 40 per cent solution 
by volume), 4-7 days; 0.01 per cent, 6-14 days; 0.03 per cent, 14-21 days; 0.05 
per cent, 16 days ; 0.1 per cent, > 21 days. 

Mercuric chloride: 0.005 per cent, 2 days; 0.01 per cent, 3-6 days; 0.025 
per cent, 6-7 days ; 0.05 per cent, 7-14 days ; 0.1 per cent, > 21 days. 

Hydrogen peroxide ; 0.015 per cent ( /.c., 0.05 per cent of a 30 per cent solu- 
tion), 2 days; 0.03 per cent, 3-4 days; O.OC per cent, 8-16 days; 0.00 per cent, 
10-21 days; 0.15 per cent, > 21 days. 

Correlation of the pH data with the results of physical examinations of the 
samples showed that changes in pH generallj'' were a reliable criterion of the 



Fig. 2. Effects of preservatives on phosphatase activity of milk in storage for 10 days 
(2.5 per cent of raw milk in pasteurized milk). 

physical changes indicative of spoilage. The effectiveness of the chemicals for 
preserving milk was evaluated, therefore, on the basis of changes in pIT. Illus- 
trative data showing the minimal concentration of each chemical that was effec- 
tive in preserving the milk adequately for testing, without any marked, unde- 
sirable changes in physical characteristics, for periods of 7 to 10 days are pre- 
sented in figure 1, and for periods of 14 to 21 days in figure 3. 

The results of phosphatase tests on these samples, showing the inhibitory 
effects on the phosphatase activity produced by the concentrations of chemicals 
indicated in figures 1 and 3, are presented in figures 2 and 4, respectively. 

The phosphatase values of the controls stored at 3 to 5® C. without preserva- 
tive, also shown in figures 2 and 4, decreased in 10 days from an average of 
48.5 to 43.6 units per ml., a loss of 10 per cent; and during the same period the 
pH values decreased from an average of 6.60 to 6.30. During 21 days the 
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average loss in enzymic activity in the controls was 20 per cent, and the pll 
decreased to an average of 5.20. These controls generally curdled during the 
third week. 

All of the chemicals tested, when used in suitable concentrations, were eirec- 
tive in preserving the samples of milk for the periods of time indicated. How- 
ever, they differed greatly in the extent to which they inhibited the enzyiut*. 
All of the chemicals tested, except chloroform and toluene, produced a consid- 
erable decrease in phosphatase ai'tivity. The increasing order of their destruc- 
tive effects was as follows: chloroform, toluene, sodium tetraborate (borax), for- 
maldehyde, mercuric chloride and hydrogen peroxide. 



P^Ki. 3. Mininiul concentrations of preservatives required to preserve milk for 14 to lil 
days (2.5 per cent of raw milk in pasteurized milk). 

Only chloroform and toluene had no seriously inhibitory effects on the en- 
zymic activity. The use of 1.5 to 2 per cent of chloroform or 3 to 3.5 per cent 
of toluene at 25 to 29° C. generally produced no more or vory little more in- 
activation than was incurred under refrigeration at 3 to 5° G. Chloroform is 
considered to be more suitable than toluene as a preservative, because it is 
effective in lower concentration and also because it effectively prevents lumping 
of the fat for an indefinite period, especially wdien used in a concentration of 
1.5 per cent or greater. Moreover, both have distinctive odors, thus reducing 
greatly the danger of accidental poisoning. 

Sodium tetraborate, in concentrations sufficient to preserve milk, not only 
Inhibited the enz3rme more than did either chloroform or toluene (fig. 2 and 4), 
but also interfered in the test because of its marked buffering effect. When it 
was present, the pH values in the test generally were about 9.7 instead of within 
the optimal range of 9.85 to 10.2 (8, 9). Thus, it was necessary to modify the 
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test by using a more concentrated barium borate buffer of greater alkalinity. 
Attempts to produce optimal pH conditions in the test by substituting sodium 
metaborate, which buffers at a higher pH value, were not successful. More- 
over, the metaborate was not found to be superior to the tetraborate as a pre- 
servative. 

Increases in phosphatase values (not included in figures), beginning gen- 
erally at 10 to 14 days, were found in occasional instances in only the samples 
containing borates, and tests made of portions of these samples following pas- 
teurization at 70° C. for 5 minutes showed that the increases were due to mi- 
crobial phosphatase. This condition may have resulted from the activity of 
phosphatase-producing organisn\^ whose growth may be favored by the rela- 
tively high pH produced in milk by borate (dgs. 1 and 3). 



Pig. 4. Effects of preservatives on phosphatase activity of milk in storago for 21 days 
(2.5 per cent of raw milk in pasteurized milk). 

Figures 2 and 4 also show that the enzymic activity was inhibited ap]>r(‘- 
ciably by 0.01 to 0.03 per cent of formaldehyde and more markedlj'^ by 0.05 to 
0.1 per cent of mercuric chloride and also by 0.06 to 0.15 per cent of hydrogen 
peroxide. The results of the tests begun within an hour after the addition of 
preservatives show that the inhibitory effects largely are immediate, regardless 
of storage, and are attributable to chemical effects of the preservatives upon 
the enzymic activity. 

Considerable lumping of the fat prior to curdling occurred with peroxide, 
mercuric chloride and formaldehyde, and some lumping occurred with tetra- 
borate and toluene, making it relatively difficult to secure homogeneous samples 
after storage. The use of chloroform eliminated this difficulty. 

Samples of hard cheese, stored at room temperature in stoppered tubes con- 
taining chloroform, showed no evidence of growth of mold within 3 weeks with 
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a quantity of chloroform ecjual to 0.75 per cent or more of the volume of the 
container, and none within 1 month with 1 per cent or more. The largest 
decrease in phosphatase activity in 1 month at room temperature in those in 
which 1 per cent of chloroform had been added was 8 per cent, and the largest 
decrease in 1 month with 1.5 ))er cent w^as (> per cent. No microbial phosi)ha- 
tase could be detected in tests made on samples taken from the surfaces of the 
preserved cheese. 

Some development of mold was found on the control sami)les of (jheese stored 
at 3 to 5*^ C. without chloroform, beginning generally during the late part of 
the third week on the Clu'ddar samples and somewhat later on the Swiss samples. 
No evidence of microbial pliosi)hatase could be detected in or on the surfaces of 
the refrigerated samples prior to 1 month. 

The results wdth chloroform conformed with those of Jiilien et al. (3) to 
the effect that it is an ideal preservative. 

It Avas pointed out by Scharer (11) that salicylates are not suitable for pre- 
serving samples to be tested for phosjdiatase, because salicylates react with 2,6- 
dibromo(iuinoneehloroimiiie (BQC), producing the blue color of indopheiiol. 
This conclusion was verified in our experiments with sodium salicylate. Like- 
wise, cresols, nvsorcinols and naphthols were found unsuitable, b(*cau.se they also 
yield interfering colors. 

Without exception, samples to which a preservative has been added should 
be labeled i)lainly in the following or a similar manner: "'Poison, preservative 
added, * * 

it should be recognized that concentrations of preservatives greater than 
those described herein may be necessary to preserve entirely raw^ milk for com- 
parable ])eriods of time under summer conditions. 

SUM.MARY AND CONCLUSIONS 

Research on the preservation of milk for the phosphatase test showed that 
each of the chemicals listed below will preserve fresh milk (in these experiments, 
mixtures of 2.5 per cent of fresh, raAV milk in fresh, pasteurized milk) for periods 
as long as 10 days to 3 w<’eks under summer conditions at room temperature. 
The preservatives tested, arranged in increasing order of their inhibitory effects 
on milk phosphatase, were as follows: 1.5 to 2 per cent of chloroform, 3 to 3.5 
per cent of toluene, 1.5 to 2 per cent of sodium tetraborate (borax), 0.01 to 0.03 
per cent of formaldehyde (0.025 to 0.075 per cent of a 40 per cent solution by 
volume), 0.05 to 0.1 per cent of mercuric chloride, and 0.06 to 0.15 per cent of 
hydrogen peroxide (0.2 to 0.5 per cent of a 30 per cent solution). 

Chloroform was more effective than toluene as a preservative in the same 
concentration. Neither inhibited the enzyme appreciably. Other advantages 
of chloroform are that it prevents the fat emulsion from breaking, thus elimi- 
nating the separation of lumps of fat on the surface, and its presence can be 
detected very easily because of its distinctive odor, thus reducing greatly the 
danger of accidental poisoning. 
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Hydrogen peroxide, mercuric chloride and formaldehyde produced serious 
chemical inhibition of the activity of milk phosphatase. Sodium tetraborate had 
only a slight inhibitory effect, but the quantity of it necessary for preservation 
yielded in milk pH values of approximately 9.7 in the phosphatase test instead 
of optimal pH values of 9.85 to 10.2, and thus it interfered in the test. This 
excessive buffering interference could not be corrected adequately by substitut- 
ing the more alkaline sodium metaborate as a preservative. 

Phenolic compounds, including salicylates, eresols, resorcinols and naphthols, 
should not be used as preservatives in connection with the test, because they 
react with BQC and yield blue or other interfering colors. 

It is recommended that 1.5 to 2 per cent of chloroform be used to preserve 
fluid dairy products for the phosphatase test. For solid samples, including 
cheese, it is recommended that chloroform, in a quantity c<jual to 1.5 to 2 per 
dent of the volume of the container, be put on a wad of cotton in the sample 
tube or jar with the sample and that the container be stoppered tightly. 
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FROZEN HOMOGENIZED MILK VI. 

THE USE OP STABILIZERS IN FROZEN HOMOGENIZED MILK 

C. J. BABCOCK,! CAPTAIN JOSEPH N. STABILE, MSC, USA, ERNEST S. WINDHAM, 
AND COLONEL RAYMOND RANDALL, VC, USA 
Veterinary Division^ Army Medical Center, Washington 12, I). C. 

According to Tressler and Evers (10), the freezing of whole milk and con- 
densed milk is not being practiced on any large commercial scale, but since there 
is a growing demand for this product the industry should develop into a sizable 
one. The use of frozen homogenized milk to supply fresh milk to patients on 
hospital ships during World War II (1) has caused considerable interest in this 
product. However, there are two major problems which must be overcome before 
homogenized milk can be held for long periods of time in the frozen state before 
use. They are the development of methods for the preservation of flavor quality 
and the prevention of separation of the milk solids which is evident, at times, on 
thawing. 

While the use of stabilizers in ice cream and evaporated milk is widespread, 
reports of their use in frozen homogenized milk have nr)t been found. However, 
Seekles and Sraeets (9) riqiort tliat the stabilization of milk without altering 
its pH may be affected by adding certain substances which cause the activity of 
the calcium ions to decrease. These workers found that sodium citrate slightly 
decreased the rate of flocculation, and that calcium-sequestering polyphosphates 
definitely retarded it but introduced a readily detectable astringent flavor. The 
desirability of delaying the appearance of protein flocculation and flavor defects 
is strongly indicated in reports of previous investigations (1, 2, 3, 4, 5, 6, 8, 11, 12). 

EXPERIMENTAL 

The present experiments were undertaken to determine the ability of certain 
chemicals to act as stabilizers and thereby materially increase the storage life of 
frozen homogenized milk. Homogenized milk with a fat content of 3.8 per cent, 
pasteurized by holding at 155° P. for 30 minutes and packaged in one-half pint 
paper containers by a commercial dairy was used. With the exception of ascorbic 
acid, the quantity of each stabilizer required to impart a detectable flavor to the 
milk was determined for the first series. A slightly smaller quantity then was 
added to the milk to be frozen. This amount of hydrogen peroxide used as a 
stabilizer, however, caused the milk to have an astringent flavor after it had 
been frozen and thawed and failed to reduce materially the bacterial content of the 
milk either before or after freezing. 

The chemicals used and their concentration per liter of homogenized milk were 
as follows: (a) ascorbic acid, 0.1 g. ; (b) pectin, 1 g. ; (e) calcium chloride, 0.5 g.; 
(d) urea, 3 g. ; (e) carboxyl methyl cellulose, 0.5 g. ; (f ) sodium citrate, 2 g. ; (g) 

Received for publication August 30, 1948. 

I Formerly Lieutenant Colonel, SnC, A US. Present address. Dairy Branch, Production 
Marketing Administration, U. S. Department of Agriculture. 
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disodium phospliate, 1 g. ; and (h) 30 per cent hydrogen peroxide, 1 ml. An addi- 
tional group of samples to which no chemical was added served as a control group. 

The samples were frozen and stored at about -17.8° C.“. They were removed 
and thawed for examination at intervals of about 10 days beginning with the fifth 
storage day. The degree of separation of the milk was measured by determining 
the quantity of sediment in 50 ml. by centrifuging, as was done in previously 
reported experiments (1). Flavor determinations again were made by a panel 
of three men experienced in milk judging. 

Table 1 shows that sodium citrate was of greater value as a stabilizer than any 
of the other substances Uhcd. Separation was not noticeable in the milk samples 
containing sodium citrate until they Jiad been stored for 145 days, and flavor 
deterioration was not evident until at Iciist 105 days. Noticeable separation had 
taken place and flavor deterioration had become evident in the control samples 
after a storage period of 65 days. The milk with added ascorbic acid showed 
separation at the same storage age as did the control samples, but its addition pre- 
served the flavor slightly longer than did the addition of sodium citrate. The 
milk samples containing pectin, calcium chloride, carboxyl methyl cellulose and 
disodium phosphate each showed separation and flavor deterioration at about the 
same time as the control group. Urea and hydrogen peroxide each delayed the 
occurrence of separation but did not help to preserve the flavor of the milk. 

To further establish their value as stabilizers in frozen homogenized milk, 
sodium citrate and sodium citrate in combination with ascorbic acid were used 
under different storage conditions. The homogenized milk used was of the same 
(juality and was packaged in the same manner as that used in the first series. The 
three equal groups consisted of a control group, a group to which 2 g. of sodium 
citrate per liter was added and a group to which, in addition to the sodium citrate, 
100 mg. per liter of ascorbic acid was added. 

It has been shown that if homogenized milk is frozen and held for short 
periods of time at a low" temperature and then moved and held in a frozen state 
at a much higher temperature, the stability of the milk is affected adversely (1). 
To simulate this adverse condition of storage, each of the three main groups was 
divided into sub-groups, first frozen and then treated as follow"s: Ai held at a con- 
stant temperature of -11.5° C. ; A, held at -17.5° 0.; Bx held at -27.5° C. and 
after 5 days held at - 17.5° C.; held at -27.5° C. and after 25 days held at 
-17.5° C.; Cl held at -27.5° C, and after 5 days held at -11.5° C.; 0= held at 
-27.5° r. and after 25 days held at - 11.5° C. ; Di held at - 17.5° C. and after 5 
days held at - 11.5° C. ; 1)1 held at - 17.5° C. and after 25 days held at - 11.5° C. 
Representative samples of all sub-groups %vere examined at intervals of about 
10 days for flavor and sediment. 

Section A of table 2 shows that the addition of sodium citrate with ascorbic 
acid doubled the time that homogenized milk remained normal in appearance and 
flavor when frozen and stored either at - 11.5° C. or at about - 17.8° C. when com- 
pared with frozen milk without the addition of stabilizers. As was shown in table 

^ The thermostat controlling the temperature of the freezer had sufficient lag to cause a 
maximum temperature variation of about 8" C. 
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TABLE 2 

Influence of sodium citrate and sodium citrate with ascorhic acid on 
the stability of frozen homogenised milk 


A — ^Frozen and held at: 


(A,) -11.5® C. 


(A,) -17.5® C. 


Character of sample 


Total 

storage 

time 


Control 


Sodium Git- 
Sodium rate with 

citrate ascorbic 

acid 


Control 


Sodium Cit- 
Sodium rate with 

citrate ascorbic 

acid 


Sediment in 50 ml. milk 


(days) 

(ml.) 

(ml.) 

(ml.) 

(ml.) 

(ml.) 

(ml.) 

47 

0.50 

0.04 

0.02 

0.04 

0.02 

0.01 

55 

0.70 

0.20 

0.15 

0.50 

0.02 

0.02 

64 

0.90 

0.20 

0.10 

0.60 

0.02 

0.01 

74 

0.70 

0.30 

0.25 

1.00 

0.02 

0.02 

84 

1.40 

0.50 

0.40 

2.40 

0.05 

0.03 

95 

2.50 

0.30 

0.70 

1.60 

0.03 

0.03 

104 

6.50 

0.90 

0.50 


0.08 

0.05 

114 


1.40 

0.60 


0.20 

0.15 

123 

8.50 

0.70 

1.00 

11.00 

0.10 

0.40 

140 

11.00 

1.00 

2.00 

11.00 

0.20 


154 

10.50 

2.00 

1.10 

12.00 

0.80 

0.70 




Flavor 




47 

Tr. oxi- 

Normal 

Normal 

Normal 

Normal 

Normal 


dized* 






55 

SI. oxi- 

Normal 

Normal 

Normal 

Normal 

Normal 


dizedb 






64 

Oxidized 

Normal 

Normal 

Normal 

Normal 

Normal 

74 

Oxidized 

Normal 

Normal 

Normal 

Normal 

Normal 

84 

81. oxi- 

61. flat 

Normal 

Oxidized 

Normal 

Normal 


dized 






95 

Flat 

Normal 

Normal 

Oxidized 

SI. flat 

Normal 

104 

SI. oxi- 

Flat 

Normal 


SI. flat 

Normal 


dized 






114 

Oxidized 

Flat 

Normal 


81. oxi- 

Normal 






dized 


123 

Oxidized 

81. oxi- 

SI. oxi- 

SI. oxi- 

81. oxi- 

Normal 



dized 

dized 

dized 

dized 


140 


SI. oxi- 

SI. oxi- 

Oxidized 

Oxidized 




dized 

dized 




154 


Oxidized 

Oxidized 


Oxidized 

Old, V. 8l.« 







oxidized 


B — ^Frozen and held at -27.5® C.; 

moved to -17.5® 

C. 



(Bi) moved after 5 days 


(Ba) moved after 25 days 


Sediment 

25 

0.02 






35 

0.02 






47 

0.10 

0.01 

0.02 

0.10 



55 

0.30 

0.02 

0.02 

0.05 

0.02 

0.02 

^ 64 

0.50 

0.01 

0.01 

0.30 

0.02 

0.02 

74 

1.00 

0.02 

0.02 

0.50 

0.02 

0.02 

84 


0.03 

0.05 

1.00 

0.03 


95 


0.04 

0.03 

3.50 

0.04 

0.03 

104 

- 

0.07 

... 


0.05 


123 






0.02 


140 







0.02 

HH 
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Flavor 


25 

V. b 1. flat 







35 

Normal 






47 

V.sLoxi- 

Normal 

Normal 

Tr. oxi- 




dized 



dized 



55 

81. oxi- 

Normal 

Normal 

Tr. oxi- 

Normal 

Normal 


dized 



dixed 



64 

81. ozi- 

Normal 

Normal 

81. oxi- 

Normal 

Normal 


dized 



dized 



74 

81. oxi- 

Normal 

Normal 

81. oxi- 




dized 



dized 

Normal 

Normal 

84 


81. flat 

81. oxi- 

81. oxi- 

Normal 

Normal 




dized 

dized 



95 


Normal 

Normal 

81. oxi- 

Normal 

Normal 





dized 



104 


81. flat 



Flat 

Normal 

123 






.... 

140 





81. oxi- 







dized 



• Tr. = trace; *> SI. = slight ; « V. si. = very slight. 


1, the addition of sodium citrate delays separation or flocculation in frozen 
homogenized milk stored at a constant temperature. When the milk was frozen 
and stored at ~ C., noticeable separation had occurred in the control samples 

that were thawed after 55 days storage. This separation was not noticeable in the 
samples containing sodium citrate until they had been stored from 95 to 105 days. 
The central samples stored at about - 17.8° C., showed separation after storage 
for 64 days. The samples containing sodium citrate, when stored at this tem- 
perature, did not show separation for more than 140 days. At each of the storage 
temperatures used the addition of sodium citrate also delayed the development 
of abnormal flavors. The development of these flavors was delayed further by 
adding ascorbic acid to the samples containing sodium citrate. This finding was 
more pronounced in the samples stored at about - 17.8° C. than it was in those 
stored at ~ 11.5° C. 

Sections B, C and D of table 2 show that the addition of sodium citrate and 
ascorbic acid prolonged the time that homogenized milk remained normal in ap- 
pearance and flavor when it was frozen and held at one temperature and then 
stored at a higher temperature. When the homogenized milk was frozen and stored 
for 5 days at - 27.5° C. and then moved to - 17.8° C., or frozen and stored for 5 
days at - 27.5° C. and then moved to - 11.5° C., or frozen and stored for 5 days at 
- 17.8° C. and then moved to - 11.5° C., noticeable separation was delayed from 
64 to more than 104 days, from less than 35 to 95 days, and from less than 35 to 
84 days, respectively. The appearance of flavor deterioration also was delayed 
from 47 to 84 days, from 47 to 95 days and from 35 to more than 84 days, re- 
spectively. 

When the homogenized milk was frozen and stored for 25 days at -27.5° C. 
and then moved to - 17.8° C., or frozen and stored for 25 days at - 27.5° C. and 
then moved to - 11.5° C. or frozen and stored for 25 days at - 17.8° C. and then 
moved to - 11.6° C., sodium citrate plus ascorbic acid prolonged the period before 
noticeable separation occurred from less than 47 to more than 140 days, from 47 
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Total 

storage 

time 


TABLE 3 

Influence of sodium citrate and sodium citrate with ascorbic acid on 
the stability of frozen homogenised milk (Cont*d) 


C — ^Frozen and held at -27.5*' 0.; moved to -11.5** C. 


(Ci) moved after 5 days (Ca) moved after 25 days 


Character of sample 


Control Sodium Cit- Sodium Cit- 

Sodium rate with pontrol Sodium rate with 

citrate ascorbic '^oniroi citrate ascorbic 

acid acid 


Sediment 


(days) 

(ml.) 

(ml.) 

(ml.) 

(ml.) 

(ml.) 

(ml.) 

25 

0.10 






35 

1.00 






47 

1.90 

0.04 

0.03 

0.50 



55 



0.20 

2.00 

0.10 

0.10 

64 

11.00 

6.02 

0.10 

2.70 

0.08 

0.10 

74 

10.80 

0.15 

0.20 

2.00 

0.10 

0.50 

84 

10.00 

0.50 

0.20 

9.00 

0.40 

0.40 

95 


0.40 

1.00 


0.50 

0.35 

104 


1.00 

0.80 


0.80 

0.45 

114 



1.20 




123 




2.70 



0.80 

140 


2.40 

1.20 


1.90 

2.00 


Flavor 


25 

81. flat 






35 

SI. flat 






47 

SI. oxi- 

Normal 

Normal 

SI. oxi- 




dized 



dized 



55 



Normal 

Oxidized 

Normal 

Normal 

64 

SI. oxi’ 

Normal 

Normal 

Oxidized 

Normal 

Normal 


dized 






74 

SI. oxi- 

Normal 

Normal 

Oxidized 

Normal 

Normal 


dized 






84 

SI. oxi- 

SI. flat 

Normal 

Oxidized 

Norma] 

Normal 


dized 






95 


SI. flat 

SI. flat 


SI. flat 

Normal 

104 


Flat 

Flat 


Normal 

Normal 

114 



SI. flat 




123 



Flat 



Normal 

140 


SI. oxi- 

Flat 


SI. oxi- 

Oxidized 



dized 



dized 



D — Frozen and held at -17.5® C.; 

moved to -11.5® 

C. 



(Di) moved after 5 days 


(Dg) moved after 25 days 


Sediment 

25 

0.10 






35 

0.70 

.. . . 





47 

1.00 




1.0 



55 

3.00 

0.20 


2.5 


0.30 

64 

3.50 

0.30 

0.30 

3.5 

0.08 

0.40 

74 

3.00 

0.25 

0.20 

5.0 

0.50 

0.50 

84 



0.70 

0.80 

7.0 

1.90 

1.60 

95 


1.00 


9.0 

1.60 

1.80 

104 


1.30 

i.eo 

. .. 

8.S0 

2.60 

114 



. ...... 





123 



........ 



4.5 


140 

.... 


St 



4.8 
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Flavor 


25 

SI. flut 






35 

SI. oxh 
dized 






47 

SI. oxi- 



Tr. oxi- 




dized 



dized 



55 

Oxidized 

Normal 


Oxidized 


Normal 

64 

Oxidized 

Normal 

Normal 

Oxidized 

Normal 

Normal 

74 

Oxidized 

Normal 

Normal 

Oxidized 

Normal 

Normal 

84 


SI. Hat 

Normal 

SI. oxi- 
dized 

SI. flat 

Normal 

95 


SI. flat 


SI. oxi- 

SI. flat 

Tr. oxi- 





dized 


dized 

104 


Flat 

Flat 


Flat 

Plat 

114 







123 





SI. oxi- 
dized 


140 





SI. oxi- 
dized 


to 74 days 

and from 

less than 47 

to 74 days, respectively. 

The appearance of 


flavor deterioration also was delayed from less than 47 to more than 104 days, 


from less than 47 to more than 323 days and from less than 47 to 84 days, re- 
spectively. The samples of frozen homogenized milk which contained ascorbic 
acid in addition to sodium citrate remained normal in flavor slightly longer than 
the samples containing only sodium citrate. 

CONCLUSIONS 

Sodium citrate in a concentration of 2 g. per 1. was found to be of value as a 
stabilizer in homogenized milk frozen and stored at - 17.8° C. Separation was 
not noticeable in the thawed milk samples containing sodium citrate until they 
had been stored for 145 days, and flavor deterioration was not evident until they 
had been stored for at least 105 days. Noticeable separation had taken place and 
flavor deterioration had begun in the control samples after a storage period of 65 
days. 

Homogenized milk containing added ascorbic acid in a concentration of 0.1 g. 
per 1., frozen and stored at - 17,8° (1., showed separation when thawed at the same 
storage age as the control samples, although its addition preserved the flavor 
slightly longer than did the addition of sodium citrate alone. 

Hydrogen peroxide (30 per cent) in a concentration of 1 ml. per 1. and urea 
in a concentration of 3 g. per 1. each delayed slightly the occurrence of separation 
in homogenized milk frozen and stored at - 17.8° C. but did not retard the develop- 
ment of abnormal flavors. 

Pectin and disodium phosphate, each in a concentration of 1 g. per 1., and 
calcium chloride and carboxyl methyl cellulose, each in a concentration of 0.5 g. 
per 1., did not delay separation or retard the development of abnormal flavors in 
homogenized milk frozen and stored at - 17.8° C. 

The addition of sodium citrate with ascorbic acid to homogenized milk, frozen 
and stored at - 11.6° C. and at - 17.8° C. doubled the time the milk remained 
normal in appearance and flavor when thawed in comparison with the control 
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samples. The addition of sodium citrate with ascorbic acid also prolonged the 
time that homogenized milk could be frozen and held at one temperature and 
subsequently stored at a higher temperature and still be normal in appearance and 
flavor when thawed. 
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THE EFFECT OF A COMBINATION OF PENICILLIN AND 
STREPTOMYCIN UPON THE LIVABILITY AND BAC- 
TERIAL CONTENT OP BOVINE SEMEN^ 

J. O. ALMQUIST,2 P. J. GLANTZ,8 and H. E. SHAFFER** * 

Pennsylvania Agrieuliural Experiment Station, State College 

Earlier investigations at this Experiment Station (1, 2) demonstrated that 
either penicillin or streptomycin will inhibit the growth of bacteria in diluted 
bull semen. However, concentrations as high as 2,000 units per ml. of diluted 
semen of either one alone failed to provide complete inhibition. In both studies 
organisms resistant to the antibiotic employed were encountered in certain of 
the diluted semen samples. 

It generally is recognized that streptomycin is more effective than penicillin 
against gram-negative microorganisms and that most strains of gram-positive 
organisms are more sensitive to penicillin than to streptomycin. Since both 
gram-positive and gram-negative bacteria are found among the predominating 
types in freshly collected bovine semen (5, 6, 7), it is possible that penicillin 
and streptomycin in combination would be more effective than either one alone 
in controlling bacterial growth in diluted semen. 

Thompson (8) and Boeing and Laffer (4) found that penicillin plus strep- 
tomycin satisfactorily inhibited bacterial growth when added to a selective me- 
dium used for the isolation of fungi. Williams and Plastridge (9) reported 
that the use of 100 units each of penicillin and streptomycin per ml. of medium 
controlled all bacterial contaminants sufficiently to permit growth of Trichomonas 
foetus. When used alone, a concentration of 1,000 units of streptomycin per 
ml. was required to free T. foetus from Pseudomonas aeruginosa. Literature 
recently reviewed by Beaudette (3) shows that a combination of penicillin and 
streptomycin was superior to either one alone for controlling bacterial con- 
tamination of various exudates and excretions. 

The present paper deals with the effect of a combination of penicillin and 
streptomycin upon spermatozoan livability and the control of bacterial growth 
in diluted bovine semen. 


EXPERIMENTAL 

Effect of penicillin-streptomycin upon spermatozoan livability. Based on 
the livability studies conducted by Almquist et al. (1, 2), the following levels 

Received for publication September 8, 1948. 
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of penicillin (P) and streptomycin (S) with appropriate controls were selected 
for testing: 100, 250, 500, 750 and 1,000 units of each antibiotic, 250 units of P 
plus 750 units of S, 750 units of P plus 250 units of S and 500 units of P plus 
1,000 units of S per ml. of diluted semen. The preparations used were the 
sodium salt of penicillin and streptomycin sulphate. 

The semen was collected and handled as previously described (1, 2), using 
a dilution rate of one part of fresh semen to 24 parts of egg yolk-citrate di- 
luter. The dry preparations of penicillin and streptomycin were dissolved in 
sterile sodium citrate solution and mixed with egg yolk to provide a diluter with 
1 : 1 ratio of yolk to buffer. The diluted semen was stored at 4.5® C., and motility 
estimations were made every 2 days for a storage period of 20 days. Bacterial 
plate counts were made on subsamples taken prior to storage and after storage 
for 8 days. 

TABLE 1 


The effect of a combination of penicillin and streptomycin upon the livability of bull spermatozoa 

(Mean of IS determinations) 


Unitfi per ml. of 
diluted semen 


Per cent motile spermatozoa 


Penicillin 

Strepto- 

mycin 

Before 


After storage at 4.5® C. for 


storage 

4 days 

8 days 

12 days 

16 days 

20 days 

0 

0 

65 

58 

43 

33 

20 

8 

100 

100 

65 

68 

46 

34 

22 

8 

250 

250 

65 

59 

46 

35 

22 

10 

500 

500 

65 

58 

44 

35 

21 

9 

750 

750 

65 

57 

44 

35 

18 

8 

1000 

1000 

65 

57 

46 

33 

18 

6 

250 

750 

65 

57 

45 ^ 

33 

20 

8 

750 

250 

65 

56 

46 

34 

20 

8 

500 

1000 

65 

59 

47 

33 

20 

8 


The 13 ejaculates studied had a mean concentration of 1,022,000 spermatozoa 
per cubic millimeter, a mean initial motility of 65 per cent active spermatozoa, 
and a mean methylene blue reduction time of 10.6 minutes. 

Table 1 gives the mean motility data for the 13 ejaculates. Analysis of vari- 
ance involving 1170 motility estimations showed no significant difference be- 
tween treatments. A small but highly significant ejaculate x treatment interac- 
tion was obtained indicating that the various ejaculates responded somewhat dif- 
ferently to the several levels of the antibiotics in their livability during storage. 

Procedure used for hacierial studies* Plate counts were determined on un- 
diluted semen, yolk-citrate diluter and diluted semen before storage and after 
storage for 8 days at 4.5® C. Preparations of materials were timed so that 
plating procedures could begin as soon as the subsamples were taken. Plating 
of the fresh material was initiated within 1 hour following treatment with 
penicillin-streptomycin. 

Veal infusion agar containing 4 per cent defibrinated bovine blood was used 
for determining the approximate numbers of living bacteria. The samples were 
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Fio. 3. The effect of ji eonibination of penieUlin and streptomycin upon bacterial popula< 
tions in freshly diluted semen. 


plated ill dilutions of 1 : 10, 1 : 1.00, 1 : 1,000 and 1 : 10,000 and incubated for 48 
hours at 37'' C. Desoxycholate agar plates incubated for 24 hours at 37° C. were 
used for determining the number of bacteria belonging to the eoliform group. 
Control plates for sterility tests of the agars and the water used for dilutions 
also were made. 

Effect of penicill in-streptomycin upon bacterial growth in diluted semen. 
The effect of penieillin-streptomyein mixtures upon bacderial growth in 5 samples 


Log of lumbftr of Pacteria par ml. 
2 3^5 

_J L. 



Fio. 2. The effect of a combination of penicillin and streptomycin upon bacterial growth 
in diluted semen stored for 8 days at 4.8* C. 
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Fio. 3. The effect of a combination of penicillin and streptomycin upon bacterial popula- 
tions in freshly diluted semen inoculated with bacterial cultures. 


of diluted semen is shown in figures 1 and 2. It should be noted that logarithmic 
rather than arithmetic means have been used to present the mean number of 
bacteria in the 5 semen samples. Since 1 : 10 was the lowest serial dilution used 
and at least 25 colonies were required at this dilution before a count was con- 
sidered significant, any counts below log number 2.40 indicate only that the 
material was not sterile. 


Log of Numbor of Boo tor lo por ml. 



Fio. 4« The effect of a combination of penicillin and streptomycin upon bacterial growth 
in inoculated, diluted semen stored for 8 days at 4.5* G. 





PENICILLIN AND STREPTOMYCIN IN SEMEN 


187 


As illustrated in figures 1 and 2, treatment of diluted semen with penicillin 
and streptomycin together effectively controlled bacterial growth at all levels 
tested in both fresh and stored semen. No growth was observed on plates rep- 
resenting penicillin-streptomycin treated semen. The desoxycholate agar plates 
also were negative. However, bacterial contamination of the five fresh, undiluted 
semen samples was very low, as shown by the average plate count of 5,700 per 
ml. 

Effect of pencillin-streptomycin upon bacterial growth in diluted semen inocu- 
lated with bacterial cultures. Because of the relatively low plate counts obtained 
from the first five undiluted semen samples, the next five samples were inoculated 
with broth cultures of bacteria. Organisms isolated from previous semen plat- 
ings on veal infusion blood agar were transferred to veal infusion broth. Since 
no coliforra bacteria were isolated from previous samples of semen, strains of 
Escherichia coU isolated from calf feces were used. Broth cultures of five dif- 
ferent types of bacteria, including gram-positive rods, gram-positive cocci and 
gram-negative rods, were utilized for inoculation of the undiluted semen. After 
incubation for 24 hours at 37° C., 0.1 ml. of each broth culture was removed to 
10 ml. of sterile nutrient broth. This dilution was mixed well and 0.5 ml. trans- 
ferred to 10 ml. of sterile broth. The latter dilution received directly 0.1 ml. 
of a 24-hour broth culture of colifomi bacteria. After mixing thoroughly, 0.2 
ml. of the final dilution was removed to the freshly collected undiluted semen. 

The effect of a combination of penicillin and streptomycin upon bacterial 
growth is illustrated in figures 3 and 4. Figure 3 presents the average plate 
counts of the freshly diluted, inoculated semen. The undiluted semen had a 
plate count of 270,000 per ml, (log 5.43), while the diluted semen without the 
antibiotics averaged 52,000 per ml. (log 4.72). There was a decrease to 4,000 
per ml. (log 3.60) when 100 units each of penicillin and streptomycin were 
added to the diluted semen. The number of bacteria per ml. decreased as the 
concentrations of penicillin and streptomycin increased. It is possible that 
better bacterial control of the fresh material was not obtained because the serial 
dilutions tended to dilute the penicillin-streptomycin concentrations below their 
most effective inhibitory level. 

Figure 4 shows the effect of the combined antibiotics upon bacterial growth 
in inoculated, diluted semen after storage for 8 days at 4.5° C. There were 
marked decreases in the bacterial plate counts as compared with the same samples 
plated before storage. At levels above 100 units each of penicillin and strep- 
tomycin, negative plate counts consistently were obtained. At the lowest con- 
centration tested, 100 units of each antibiotic, four of the five samples resulted 
in negative plates, but one sample gave a significant count of 4,000 per ml. The 
untreated controls had an average plate count of 16,000 per ml. and the undiluted 
semen had an average count of 120,000 per ml. after 8 days of storage. 

Efect of penicillin-streptomycin upon the growth of coliform organisms. As 
shown in figure 5, levels of penicillin and streptomycin above 100 units per ml. 
of each gave almost complete inhibition of organisms belonging to the coliform 
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coliform organisms in freshly diluted, inoculated semen. 


group. After storage for 8 days, figure € shows that all levels of the antibiotics 
effectively controlled growth of these organisms. When 100 units of each anti- 
biotic per ml. were added, five diluted semen samples showed an average coliform 
plate count of 2,500 per ml. before storage. However, figure 6 shows that nega- 
tive counts were obtained at this level when the samples had been stored for 8 
days. 
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Fia. 6. The effect of a combination of penicUlin and atreptomyein upon growth 
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The coliform plate counts in the undiluted and diluted semen containing no 
penicillin-streptomycin also decreased during storage. Before storage the in- 
oculated, undiluted semen had a count of 46,000 per ml., while during storage 
for 8 days there was a marked decrease to 740 per ml. The untreated, inoculated 
controls decreased from counts of 11,000 per ml. prior to storage to 2,000 per ml. 
after 8 days of storage. 


DISCUSSION 

An earlier report by Almquist et al. (2) demonstrated that levels of penicillin 
over 1,000 Oxford units per ml. of diluted semen were injurious to the livability 
of bull spermatozoa during the time in which practically all semen is used in 
routine artificial breeding. In similar studies with streptomycin, Almquist ei ah 
(1) showed that levels exceeding 1,000 units per ml. of diluted semen significantly 
reduced spermatozoan livability during a 20-day storage i^eriod. In the present 
study, a combination of penicillin and streptomycin in concentrations as high 
as 1,000 units of each per ml. of diluted semen did not reduce significantly the 
ability of the spermatozoa to maintain motility during a storage period of 20 
days. Apparently penicillin and streptomycin act independently in their ctfects 
upon livability, as the total effect when used together appears to be no greater 
than when either is used alone. 

In comparison with the results of previous studies at this station (1, 2), the 
use of a combination of penicillin and streptomycin definitely is more effective 
for controlling bacterial growth in diluted bull semen than either one alone. 
The results of combined treatment with penicillin and streptomycin showed a 
marked complementary effect. In spite of inoculation with gram-positive and 
gram-negative bacteria prior to storage, penicillin-streptomycin treated semen 
consistently gave negative bacterial counts when plated following storage for 8 
days. Field studies now in progress also indicate that negative plate counts 
may be expected when diluted semen used for artificial breeding is treated with 
1,000 units per ml. of both penicillin and streptomycin. 

Penicillin and streptomycin assays were not determined in this study. How- 
ever, Almquist et al, (1, 2) found that when used separately these antibiotics 
were very stable in stored diluted semen. There was no significant loss in strep- 
tomycin activity and only a slight decrease in penicillin concentration in diluted 
semen stored for as long as 16 days. Fertility experiments using penicillin and 
streptomycin, alone and in combination, are in progress and will be reported as 
soon as the data are complete. 


SUMMARY 

1. The use of a combination of penicillin and streptomycin in levels ranging 
from 100 to 1,000 units of each per ml. of diluted semen did not affect significantly 
the livability of bull spermatozoa during a 20-day storage period. 

2. The use of a combination of penicillin and streptomycin effectively con- 
trolled bacterial growth in diluted bull semen. 
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ASH ALKALINITY OF DRY BUTTERMILK 

D. W. WHITMAN and P. H. TRACY 
Department of Food Techno^ opy^ Vnivertuty of Illinois, Urbana 

This study was imdertakeu to dotormine what standard, if any, could be es- 
tablished to differentiate dry buttermilk manufactured from cream to which a 
neutralizer had been added from dry buttermilk manufactured from cream to 
which no neutralizer had been added. 

METHODS 

The ash alkalinity of the dry buttermilk was determined according to the 
method of Ilillip (1). The source of all samples was cream from milk pro- 
duced by the University herd. One-f»allon samples of 35 per cent, cream to be 
ripened ^vere placed in 5-grallon milk cans, inoculated with 1 per cent butter 
culture and incubated at 70 to 72” F. in a water bath until the desired acidity 
w^as developed. The acidity w’as raised approximately that pereentaf^e which 
the neutralizer would lower it on a theoretical basis, calculating? all acidity as 
lactic acid. When the desired acidity Avas developed, the calculated amount of 
neutralizer was added and the sample was pasteurized at 180° F. for 30 minutes. 
Some of the samples in which a starter was growing? actively increased in acidity 
while they w^ere being heated for pasteurization. Thus the developed acidity in 
some samples sometimes was higher than was intended. 

Those samples which developed acidity and were not neutralized could not 
be pasteurized because the high concentration of acid would coagulate the pro- 
tein. Therefore, the development of acid was checked in these samples by re- 
moving them from the water bath and placing them in a hardening room at 
about - 15° F. 

The data were analyzed statistically by the student function method (3). 

RESULTS 

In this study, the ash alkalinity of 21 samples of dry sweet cream butter- 
milk to which no neutralizer had been added ranged from 6 to 92, with an arith- 
metic mean of 37 and a geometric mean of 35 (table 1). Fourteen samples 
gave values in the range from 0 to 49 while 7 were in the range from 50 to 99. 

The ash alkalinity of 21 samples of unneutralized dry sour cream buttermilk 
ranged from 10 to 108 with an arithmetic mean of 49 and a geometric mean of 
40. Twelve samples gave values in the range 0 to 49, 7 in the range from 50 
to 99 and 2 in the range from 100 to 149 (table 1). 

Received for publication August 5, 1948. 
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TABLE 1 

JSfeet of developed acidity upon the ash alkalinity of dry buttermilk 


Sample 

A.A.V.* before acidity 

A.A.V.* after acidity 

% increase 

was developed 

was developed 

in acidity 

1 

54 

50 

0.61 

2 

50 

105 

0.47 

3 

25 

52 

0.51 

4 

32 

35 

0.54 

5 

18 

62 

0.62 

6 

30 

40 

0.65 

7 

27 

48 

0.58 

8 

23 

38 

0.59 

9 

36 

34 

0.63 

10 

21 

22 

0.56 

11 

6 

38 

0 52 

12 

27 

26 

0.57 

13 

32 

10 

0.45 

14 

15 

28 

0.43 

15 

20 

12 

0.46 

16 

23 

10 

0.39 

17 

58 

58 

0.57 

18 

68 

72 

0.60 

19 

52 

98 

0.61 

20 

92 

108 

0.01 

21 

78 

88 

0.50 

Arithmetic mean 

37 

49 


Standard deviation 

21 

.30 


Geometric mean 

35 

40 



• A.A.y.=:A8h alkalinity value. 


A statistical analysis of these data indicate 85 per cent certainty that 
samples containing developed lactic acid will possess higher ash alkalinity 
values than samples with no developed lactic acid. Therefore differences of 
this magnitude may be expected solely through errors of random sampling 15 
times in 100. 

Seven experimental trials were made in which each sample of cream was 
split into subsamples, ripened, neutralized the desired amount, pasteurized, 

TABLE 2 

Effect of neutralizing with varying amounts of sodium bicarbonate on ash 
alkalinity values of dry buttermilk 


Per cent lactic acid neutralized 


Sample 

0.00 

0.10 

0.20 

0.30 

0.40 

0.50 

Ash alkalinity values 

SO 

41 


190 


371 


S2 

64 

124 

142 

231 

296 

356 

S3 

50 

92 

152 

208 

255 

855 

S4 

25 

70 

120 

172 

262 

390 

85 

12 

62 

132 

260 

260 

385 

S0 

18 

92 

162 

212 

292 

348 

S7 

30 

95 

165 

220 

288 

396 

Ariih. mean 

33 

89 

152 

217 

289 

371 

Geom. mean 

29 

87 

150 

216 

287 

371 
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TABLE 3 

Effect of neutralization with varying amounts of sodium hicarhonate on the frequency 
distribution of ash alkalinity values of dry buttermilk 


No. of Bam pics in each neutralization group 
Ash alkalinity (Neutralization expressed as per cent lactic acid) 



0.00* 

0.00b 

0.10 

0.20 

0.30 

0.40 

0.50 

0- 49 

17 

12 






50- 09 

7 

7 

5 





100-149 


2 

1 

6 




150-199 




7 

1 



200-249 




1 

4 



250-299 





1 

6 


300-349 







1 

350-399 






1 

5 

Total samples 

24 

21 

6 

14 

0 

7 

6 

Arith. iiicnn.sc 

3G 

49 

89 

158 

217 

289 

372 

Geom. ]iienns<' 

30 

40 

87 

154 

216 

287 

371 


• No developed acidity, 
b Developed acidity, 
c Means of ash alkalinities. 


cooled, held overnight, churned and dried. Sodium bicarbonate, the only neu- 
tralizer added, was used in quantities theoretically needed to neutralize 0.10, 
0.20, 0.30, 0.40 and 0.50 per cent lactic acid. The data are presented in table 2. 
The arithmetic means of the ash alkalinities were 89, 152, 217, 289 and 371, re- 
spectively. None of the samples to which neutralizer had been added had ash 
alkalinity values falling in the range 0-49 (table 3). However, there w’cre 12 
such samples that had ash alkalinity values in the range 50-149. All of the ash 
alkalinity values of samples to which no neutralizer had been added fell within 
the range 0-149. All samples to which 0.10 per cent neutralizer had been added 

TABLE 4 

Effect of addition of various neutralizers on ash alkalinity values of dry buttermilk^ 


Orpain acidity Ash .alkalinity valui'.s 


Sample 

No. 

Before 

ripen- 

ing 

Before 

churn- 

ing 

No neutralizer 

rijcne.1 

ic 

1 

S 

CaO 

■9 

8 

6 

w 

O 

O 

W 

a 

k; 

NO 

(%) 

0.13 

(%) 

21 


200 

164 

173 

194 

144 

120 

N1 

0.10 


40 


125 

132 

119 

98 

114 

128 

N2 

0.13 

0.50 

58 

58 

148 

168 

170 

175 

115 

148 

N3 

0.13 

0.45 

68 

72 

185 

162 

195 

162 

158 

182 

N4 

0.13 

0.60 

52 

98 

132 

172 

175 

185 

142 

178 

N5 

0.13 

0.60 

92 

108 

195 

190 

190 

232 

188 

200 

N6 

0.11 

0.39 

78 

88 

185 

178 

182 

140 

145 

158 

Arithmetic mean 


58 

85 

167 

167 

172 

169 

144 

159 

Geometric mean 


53 

83 

164 

166 

170 

164 

142 

157 

Standard deviation 


24 

20 

31 

18 

27 

42 

25 

29 


The acid of eadi cream was reduced 0.20 per cent after ripening and before pasteurization 
by the addition of the neutraliaer indicated. 
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and six of the samples to which 0.20 per cent neutralizer had been added also 
fell within this range. 

Seven lots of cream were used in the study of dry sour cream buttermilk in 
which the acidity was standardized with various neutralizers. Each lot of 
cream was divided into two parts. One sub-sample of each was churned and 
the buttermilk dried. The other part was ripened to give approximately 0.20 
per cent additional acidity, after which that amount of neutralizer was added 
which was theoretically sufficient to neutralize 0.20 per cent lactic acid. The 
cream was churned and the buttermilk dried. The neutralizers used were mag- 
nesium oxide, magnesium carbonate, calcium oxide, calcium carbonate, potas- 
sium carbonate and sodium bicarbonate. The results of the ash alkalinity de- 
terminations on the dry buttermilk are shown in table 4. 

A statistical comparison of ash alkalinity values of samples containing 0.20 
per cent lactic acid neutralized with magnesium oxide and samples containing 
0.20 per cent lactic acid neutralized with sodium bicarbonate indicates that in 
less than 55 cases out of 100 will the former have higher ash alkalinities than 
the latter. A similar comparison of samples neutralized 0.20 per cent with 
equivalent amounts of calcium oxide and sodium bicarbonate indicates that in 
97 cases out of 100 the former will have higher ash alkalinities than the latter. 

DISCUSSION 

Kunkel and Combs (2) found that the range of ash alkalinity values for 16 
samples of dry sweet cream buttermilk to which no neutralizer had been added 
was from 55 to 112, with an arithmetic mean of 78. In this study, the ash 
alkalinity values of 21 such samples ranged from 6 to 92 with an arithmetic 
mean of 37. 

A statistical analysis indicated it was only 85 per cent certain that samples 
containing developed lactic acid will possess a higher ash alkalinity value than 
samples containing no developed lactic acid. 

It also was indicated statistically that it was only 87 per cent certain that 
samples containing 0.10 per cent neutralized lactic acid would have higher ash 
alkalinity values than samples containing developed acid but no neutralizer. 

Whether this degree of reliability is satisfactory or not depends on how it is 
used. If used merely as an indicator of quality with an awareness of its limi- 
tations, it is satisfactory; if used for regulatory work, a test which fails to 
identify properly 13 samples out of every 100 hardly could be called satisfactory. 

The addition to liquid buttermilk of magnesium oxide, magnesium carbo- 
nate, calcium oxide, calcium carbonate, potassium carbonate and sodium bicar- 
bonate sufficient to neutralize 0.20 per cent lactic acid increased the ash alka- 
linities of the dry buttermilks. 

The degree of reliability is such that 99 times in 100 a sample which has had 
0.20 per cent lactic acid neutralized by any one of these six compounds will have 
a higher, ash alkalinity value than the same sample containing developed lactic 
acid but no neutralizer would have had. 

In all cases where an ash alkalinity value of 150 or higher was obtained, a 
neutralizer had been added to the buttermilk before drying. 
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An ash alkalinity value of 149 or less would include all the samples to which 
no neutralizer had been added, all samples to which 0.10 per cent neutralizer 
had been added and approximately one-half of the samples to which 0.20 per 
cent neutralizer had been added. All samples neutralized more than 0.20 per 
cent would be excluded from this group. 

CONCLUSIONS 

Prom the data obtained on dry buttermilks secured from cream separated 
from University milk of high quality, it is evident that it is not possible to 
select a definite ash alkalinity value which will exclude all samples containing 
added neutralizers and which will include only those samples containing no 
added neutralizers. This is to be expected because the ash alkalinity values of 
non-neutralized dry sweet cream buttermilks cover a rather wide range. 

Statistical analyses on the samples reported indicate that it would not be 
possible to distinguish samples of dry buttermilk containing 0.10 per cent neu- 
tralized lactic acid from non-neutralized samples of dry buttermilk by means 
of this test in over 90 cases out of 100. 
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THE INFLUENCE OP TOCOPHEROLS AND COD LIVER OIL ON 
THE STABILITY OP MILK^ 

VLADIMIB N. KRUKOVSKY, J. K, LOOSLI, and FRANK WHITING 
Departments of Dairy Industry and Animal Husbandry, Cornell University, Ithaca, N, Y. 

In the course of studies relating to the possible cause of the effect of cod liver 
oil in depressing the fat percentage of milk (8) samples of milk were obtained 
to test interrelationships between the fat constants and lipolysis of the milk fat. 
It was observed that the depressing effect of cod liver oil on fat production and 
the resulting high iodine numbers might not necessarily be permanent. In other 
words, the cow may adjust to this condition of feeding, and the fat production 
and the iodine numbers® may return to normal within a cod liver oil feeding 
period. 

Since these observations also bear a relationship to the susceptibility of milk 
to the development of the oxidized flavors, it was thought of interest to present 
them together with more recent data on the influence of tocopherol and cod 
liver oil on the milk and fat production (12) and the stability of milk. 

EXPERIMENTAI^ 

The original data on the effects of the addition of cod liver oil to the feed 
of cows and of subsequent drenching on the iodine numbers and the susceptibility 
of milk to the development of oxidized flavors are presented in figure 1. Tw^o 
cows were used in this experiment. Prom November 6 to 30 (period A) both 
cows were fed 0.5 ml. of a commercial grade cod liver oil per kilogram body 
weight by mixing it in the feed (dry beet pulp) (8), At the end of this 
period, the same amount of cod liver oil was administered to cow no. 1 by 
drench; this was continued until December 16 (period B), while cow no. 2 re- 
ceived no cod liver oil. 

The data present in figure 1 show that from November 6 to 30 (period A) 
both the iodine numbers and, to some extent, the fat production returned to 
normal after an ecliptic rise or drop in their values for both cows. The fol- 
lowing drench feeding of cod liver oil, from December 1 to 16 (period B), ap- 
parently destroyed the ability of the cow no. 1 to readjust physiologically to 
this feeding condition. The resulting rise in iodine values of the fat was, how- 
ever, much more gradual than at the beginning of the experiment. Although 
these data are not sufficient to warrant a definite conclusion, they show a possi- 
bility that the conditions of feeding and the length of the feeding period both are 
responsible for the physiological behavior of the cow. It should be noted, how- 
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ever, that the samples of milk were collected and analyzed daily, and that the 
foregoing effect would be masked if composite samples of milk were collected 
and analyzed. 

It further was noticed that the development of the oxidized flavors in fresh 
pasteurized milk'^ obtained from the cows on the cod liver oil feeding trial varied 
directly with the iodine numbers of the fat. The data in figure 1 show that the 
drop in the iodine numbers of the fat resulted in the retardation of the develop- 
ment of oxidized flavors, whereas the rise in the iodine numbers during the 
drench period stimulated the development of oxidized flavors. 



Fig. 1. The effects of the addition of cod liver oil to the feed of the cow (No. 1-A and 
No. 2) and of the subsequent drenching (No. l-B) on iodine number, fat content and the 
susceptibility of milk to development of the oxidized flavors. The symbols indicate: (1), 
iodine numbers; (2), total milk production; (3), milk fat — per cent; (4), morning milk 
production. 

Since our observations have indicated that there might be a relationship be- 
tween the vitamin B content of the fat, as affected by seasonal variations of the 
feed (primarily pasture and hay feeding) (6, 7), and the susceptibility of fresh 
milk to the development of oxidized flavors, it was thought of importance to 
. learn if the depressing influence^ of cod liver oil upon the tocopherol content of 
fat was partially responsible for the inability of milk to resist oxidation. 

Consequently, the milk samples obtained from 16 dairy cows of Holstein, 
Brown Swiss and Guernsey breeds were used for the studies of the influence of 
tocopherols and cod liver oil on milk fat production and the natural ability of 

8 MUlr was pasteurized at 61.6** C. for 30 minutes and then held at 0 to 5” C. for 7 days. 
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milk to resist the oxidative deterioration. One gram of mixed natural toco- 
pherol and 28.35 g. of veterinary grade cod liver oil were added, either alone or 
together, to a control ration. The detailed procedure for this study is described 
in the preceding paper (12). 

The feeding of cod liver oil alone caused a decrease in average tocopherol 
content of the fat (from 2900 /ng. to 2529/ig./100 g. fat), and when the toco- 
pherol and cod liver oil were fed together the average tocopherol content of the 
milk fat (3590 /*g./100 g. fat) remained essentially the same as when the toco- 
pherol was fed alone (3569 /ig./lOO g. fat).^ 

The data presented in figure 2 show the per cent distribution of tocopherols 
in the samples of stable and unstable milks as affected by tocopherol and cod 



Fig. 2. The distribution of tocopherols in 77 samples of stable and unstable milk as af- 
fected by tocopherol and cod liyer oil supplements. (The numbers (1-3 and 7) indicate the 
days required for oxidized flavor development in unstable milk.) 

liver oil supplements. The stability of milk was determined on the basis of its 
ability to resist the reaction which produces oxidized flavors during a storage 
period of 7 days at 0 to 5° C. 

A highly significant correlation (+0.51) was found between the tocopherol 
content of the milk fat and the ability of milk to resist development of oxidized 
flavors. The data also reveal that by varying the tocopherol content of the milk 
fat through feeding the stability of the fresh pasteurized milk was improved 
when its tocopherol content was increased to 3000 /ig. per 100 g. of fat and 
above. All such samples were stable during the 7-day experiment. On the 
other hand, the milk containing less than 2000 fig, tocopherols per 100 g. of fat 
showed poor keeping qualities with respect to the development of oxidized 
4 Vitamin A and E were determined using Koehen and Sherman (2) and Quaife (9) 
metho^, respectively. 
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flavors. This milk could be improved, however, by destroyinpj its total vita- 
min C. 

Furthermore, a relationship also was indicated between the tocopherol con- 
tent of milk fat, as influenced by various hays, and the stability of milk (7), 
and between the tocopherol and carotenoid content of milk fat during pasture 
and winter feeding (6). 

In a preliminary study concerning the palatability of hay, the deposition of 
fat-soluble vitamins in the milk fat and the stability of milk, 15 Holstein cows 
were fed six types of hay in an incomplete block design experiment. It was 
found that ladino clover hay and late-cut timothy hay in the rations were re- 
sponsible for a decrease in the vitamin content of the fat (average values per 
100 g. of fat: carotene, 347 fig.; vitamin A, 438 fig.; tocopherols, 1,873 fig.). 
On the other hand, the feeding of birds-foot trefoil hay, which appealed to the 
cows more than any other hay, resulted in an appreciable increase in the con- 
tent of vitamins A and E in the fat (average values per 100 g. of fat : carotene, 
723 fig.; vitamin A, 703 fig.; tocopherols, 2,952 fig.), possibly bringing it up to 
the level observed during pasture feeding. 

Milk of poor keeping quality resulted during the ladino clover feeding and 
could be correlated with the low content of tocopherol, suggesting a possibility 
that the development of the uxidized flavors in the milk is caused by the type 
of hay or other roughages fed. This study, however, w'ill be repeated to obtain 
more information concerning the influence of hay upon the vitamin content and 
the keeping quality of milk. 

Thus, it would appear that the increase of the reducing powder of fat, as 
determined by the tocopherol method, might result not only in the stabilization 
of market milk, but also in better nutritional properties with respect to vitamins 
K and A. 


DISCUSSION 

There apparently are two systems in the milk w’hich are antagonistic to each 
other: one involves the oxidation of ascorbic acid and of the unstable lipid 
► fraction of the milk (3), and the other is represented by the antioxidant activity 
of the fat itself. The authors believe that the antioxidant activity of the fat, 
as determined by the vitamin E method (9) (reducing power), is an important 
factor with respect to the stabilization of both the fat and the unstable lipid frac- 
tion of the milk. The latter is a part of the fat-globule-stabilizing membrane. 
It is known that buttermilk containing the materials adsorbed on the surface 
of the fat globules undergoes oxidative deterioration in the presence of ascor- 
bic acid at a much faster rate and to a greater extent than does fresh milk (3, 
4). It would be logical to assume, therefore, that the antioxidant activity cen- 
tered in the fat phase of the milk might exert a protective influence not only to 
the fat itself but also to the materials which are adsorbed on the surface of the 
fat globules. 

A private communication from Betty M. Watts (11) supports our observa- 
tions concerning the role played by ascorbic acid and tocopherols in stimulation 



200 VLADIMIR N. KBUKOVSKY, J. K. LOOSLI, AND FRANK WHITING 

or inhibition of oxidative rancidity in edible fats. Their study was concerned 
with the acceleration by ascorbic acid of oxidative rancidity in rendered pork 
fat. They found that the acceleration changed to inhibition as the level of 
tocopherols was raised. 

In this connection it should be noted that the rate of ascorbic acid oxidation 
is a primary factor responsible for the development of oxidized flavors in fresh 
milk (4, 5). This oxidation of ascorbic acid often is accompanied by a gradual 
increase in Eh factor up to the point when all of the ascorbic acid is oxidized 
to dehydroascorbic acid, and then the Eh declines, finally attaining approxi- 
mately its original value. This process could be repeated by the readdition of 
ascorbic acid. For example, the photo-oxidation of ascorbic acid to dehydro- 
ascorbic acid was found to be accompanied by a rise in Eh factor (10). 

The removal of the catalyst (light) at any point along the line, but prior 
to completion of ascorbic acid oxidation, results invariably in a temporary stabil- 
ity in the Eh factor. The following changes in Eh would depend primarily 
upon the rate of ascorbic acid oxidation. Finally, when all of the ascorbic acid 
is oxidized, the Eh value might stabilize itself at the level approaching that of 
the original system. 

It has been shown that the partial photo-chemical oxidation of ascorbic acid 
to dehydroascorbic acid stimulates the reaction which produces oxidized flavors 
in milk, whereas its complete oxidation either retards or prevents the reaction 
(4, 5), It would appear, therefore, that the Eh should be considered only as 
the by-product of the reaction involving ascorbic acid oxidation. It could not 
be considered, under any circumstances, as a criterion of the ability of fresh 
milk to resist the reaction which produces oxidized flavors. 

SUMMARY 

A significant correlation was found between the tocopherol content of milk 
fat and the ability of milk to resist the reaction, involving ascorbic acid oxida- 
tion, which produces oxidized flavors. This might explain the differences be- 
tween the stabilities of winter and summer milks. 
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THE EFFECT OF HANDLING AND PROCESSING OF MILK ON 
ITS OXYGEN CONTENT 

E. O. HEBBEID and J. PBANCIS 
Department of Food Technology, University of Illinois, Urhana 

The effect of dissolved oxygen on the flavor and keeping quality of milk has 
been shown by a number of investigators. The purpose of this study was to 
determine the effect of various handling and processing operations on the oxygen 
content of market milk. 


REVIEW OP LITERATURE 

The oxygen content of anaerobically-drawn milk has been reported in vol- 
umes per cent as 4.29 by Hoppe (5), as 1.93 and 4.79 by Stechnow (12), as 1.19 
and 1.06 by Pfluger (8), as 2.88, 3.09, 2.69, 2.14, 1.60 and 2.12 by Marshall (6), 
and as 1.17 by Prayer (2). On the other hand, Guthrie (3), Guthrie el aL 
(4) and Sharp et aL (9) reported that milk in the udder of the cow is prac- 
tically devoid of oxygen. Hoppe’s (5) oxygen values were obtained from goat’s 
milk. It is presumed that the values reported by all the other investigators 
were obtained from cow’s milk. 

Guthrie et aL (4) reported that machine-milked milk contained 1 to 2 mg. 
of oxygen per liter less than that milked by hand. They found that milk dis- 
solved 3.84 to 9.74 mg. of oxygen per liter during milking. Prayer (2) and 
Noll and Supplee (7) reported that the oxygen content of raw milk varied from 
0.40 to 0.50 volumes per cent. Sharp et al. (9) found that 40 cans of raw milk 
received in a plant in New York City contained 4 to 7.1 mg. of oxygen per liter 
in samples which represented over half a million pounds of raw milk, and in 
another trial (10) they reported 9.3 to 11.7 mg. of oxygen. 

EXPERIMENTAL PROCEDURE 

Pour plants, designated as A, B, C and D, were selected for this study. 
Plant A is the University of Illinois Creamery where milk is obtained from the 
University farm, while the other plants are located in the Champaign-IIrbana 
area. 

Plant A. In this plant ten trials of 1 day each were completed in order to 
determine how closely the results from each trial would agree and thus provide 
a basis for establishing the minimum number of trials that would be necessary 
in similar experiments in other plants. 

Samples were collected from the same ten animals for 1 day at the farm. A 
different group of ten cows was used in each of the ten trials which were con- 
ducted during the period from January 15 to March 1. Samples were taken in 
■ the mornin g and in the evening from each of the cans as they were filled with 
milk from the surface cooler at 8 to 10° C., andthay were held at the farm and 
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delivered to the processing plant at or near these temperatures. When the milk 
arrived at the processing plant, samples were taken from the following points : 
weighing tank, preheater at 27 to 30° C., clarifier at the discharge side, pas- 
teurizer at 38 to 39° C., milk pasteurized at 66° C. for 30 minutes and before 
it was cooled, milk immediately after it had passed through homogenizer at 
55° F. and at 2,000 lb. pressure, milk at 50 to 53° C. from top of surface cooler, 
milk at 3 to 4° C. from bottom of surface cooler and before it reached the 
trough, bowl in the bottle filler at 5° C., bottles immediately after being filled 
and bottles after storage at 4 to 8° C. for 24 hours. 

Samples were collected at plant A for Eh determinations which were made 
with a Model G Beckman potentiometer. Plate counts were made on the raw 
and pasteurized samples according to Standard Methods (1). 

ria7it B. Two trials were made in this plant during the fourth week of 
March. Two different trucks delivered milk to this plant from producers who 
averaged two to four lO-gallon cans daily which, in the majority of cases, were 
filled only partially. The average temperature of the milk at the time of de- 
livery was 7° C. 

Samples were taken from the following points: weighing tank from ten pro- 
ducers, filter by draining milk at 7 to 10° C. through valve, storage tank where 
filtered milk was held at 8 to 10° C., plate heater just before milk passed 
through, plate heater, after milk at 68 to 72° C. had passed through, clarifier, 
as milk at 71° 0. was discharged, milk immediately after it passed through 
homogenizer at 69 to 70° 0., at 1,500 lb. pressure, from three 200-gallon holding 
vats with milk at 65 to 67° C., plate cooler, where milk was cooled at 9 to 10° 
C., bottle filled with milk at 9 to 10° C., bottles immediately after being filled 
and bottles after storage at 4 to 8° C. for 24 hours. 

Plajif C. In this plant, two trials were conducted during the first Aveek of 
April. This plant received one truck load of milk from patrons, each of whom 
delivered two to three cans of milk which were not completely full in all cases. 
The temperatures of the milk varied from 9 to 27° C. 

Samples were taken from the following points: weighing tank, storage tank 
with milk at 17 to 20° ( 1 , preheater with milk at 43° C., clarifier as milk at 
41° C. was discharged, pasteurizing vat with milk at 49 to 52° C., milk pas- 
teurized at 65° C. for 30 minutes, milk immediately after it passed through 
homogenizer at 63 to 64° C. at 2,000 lb. pre8.sure, plate cooler after milk had 
been cooled at 8° C. bottle filler of vacuum type with milk at 8° C., milk from 
bottles immediately after being filled and milk from bottles after storage at 4 
to 8° C. for 24 hours. 

P/an# D. Two trials were conducted in this plant during the second w'eek 
of April. The milk, at 10 to 15° C., was delivered to the plant about 11 : 30 
a.m. and consisted of two to five cans from each producer. 

The oxygen determinations of the milk were made at 21 to 25° C. by the 
method of Sharp et dl. (11), the only variation being that the tubes in which the 
samples were collected and the oxygen determinations made were painted black. 
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Samples of milk were taken at easily accessible points in the processing 
operations with a 50 ml. pipette. Samples were taken from the closed milk 
lines through sanitary pipe and fittings to which stopcocks were attached. The 
milk flowed into the sampling tubes through glass tubes which were attached to 
the stopcocks with short pieces of rubber tubing. Immediately after the samples 
were taken at the different processing points, the tubes were stoppered tightly 
and the contents cooled to 3 to 5® C. in an iced bath. The samples were ana- 
lyzed for oxygen about 2 to 4 hours after they were taken, except those from 
the farm of plant A, which were analyzed within 6 hours. 

EXPERIMENTAL RESULTS 

Plant A. The results of the ten trials showing the dissolved oxygen contents 
of the milk at each of the processing points are averaged in table 1. Assuming 

TABLE 1 

The effect of handling and of processing on the oxygen content of mUlc in plant A 


Oxygen content 


Source of milk 

mg./l. 

standard error 

Pails, P.M.* 

4.50 

±0.11 

Pails, A.M.« 

4.25 

±0.10 

Cana, P.M.* 

6.76 

±0.20 

Cans, A.M.« 

Weigh tankb 

6.80 

±0.21 

6.83 


Preheatert> 

6.86 


Clarifier 

7.15 


Before pasteurization^ 

6.20 


After pasteurizationb 

After homogenization^ ..... . . 

5.06 

5.72 

±0.11 

±0.23 

Top of cooler!* 

5.70 

±0.24 

Bottom of cooler!* 

. 6.79 

±0.22 

PiUerb 

6.73 

±0.15 

Bottled** 

6.59 

±0.20 

Bottled, after 24 hours** 

6.76 

±0.19 


• Average of 10 Bamplee in each trial. 

^ Average of 3 samples in each trial. 

« Average of 5 samples in each trial. 

there is little, if any, free oxygen in milk in the udder (3, 4, 9), the greatest 
solution of oxygen occurred at the time of milking. The oxygen content of 
the cooled milk in the cans increased over that in the pails but remained about 
the same for both the evening and morning milk. The oxygen contents of the 
milk in the cans, in the weigh tank and in the preheater do not show any sig- 
nificant differences as indicated by the means and standard error of the means; 
in fact, the oxygen content increased only slightly at the clarifier. As the milk 
was heated in the vat before pasteurization, the oxygen content decreased, and 
it decreased further during pasteurization. The oxygen content increased to 
5.72 mg. immediately after homogenization and remained near this level at the 
top of the cooler. The oxygen contents of the milk samples from the bottom of 
the cooler, from the filler, from milk bottled immediately, and from that bottled 
for 24 hours, do not show any significant differences. 
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Plate counts were made of the raw and pasteurized milk in each of the ten 
trials and they varied from 4,200 to 48,000 and 300 to 1,300 per ml., respec- 
tively, and are insufficient to affect the oxygen content of raw and pasteurized 
milk measurably. 

Oxidation-reduction potential (Eh) determinations were made of the samples 
of milk taken at the different processing points in all ten trials. The Eh values 
increased from 301.3 mv. at the time of milking to 311.3 mv. in the freshly- 
bottled milk, to 315.3 mv. for milk held in the bottles for 24 hours. 

Since the standard errors of the average oxygen determinations made at 
each of the processing points in the ten trials conducted in plant A were fairly 
consistent and of about the same magnitude (table 1), it was decided that two 
experimental trials of 1 day each in plants B, C and D would be sufficient. 



Fia. 1. Average oxygen content of milk at various steps during processing operations in 
plant B. 

Plant B, The raw milk as it arrived at the plant had a relatively high 
oxygen content which probably was due to agitation of the partially-filled cans 
of cold milk (figure 1). The oxygen content of the milk increased as it passed 
through the filter from the weigh can, but at the storage tank it decreased 1 mg. 
From the storage tank to the preheater, the oxygen content remained about the 
same, followed by a decrease of 1.5 mg. after preheating, but increased again 
after clarification. At the homogenizer the oxygen content increased, followed 
by a substantial decrease in the holding vat after pasteurization. It increased 
about 1.7 mg. as it left the cooler, dropped slightly at the filler but increased 
slightly after bottling and after 24 hours storage. 

The plate counts of the raw milk in the two trials were 2,200,000 and 2,400,- 
000 per ml. and of the pasteurized milk 27,000 and 41,000 per ml., respectively. 

Plant C. The milk delivered to this plant had a lower oxygen content at 
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Fio. 2. Average oxygen content of milk at various steps during processing operations in 
plant C. 

the weigh tank than that found at any of the other plants (figure 2). This 
may be due to the greater counts of bacteria and to the higher temperatures of 
the milk at the time of delivery. 

At the weigh tank the milk had an average oxygen content of 5.84 rog./l. 
which increased to 6.72 mg. in the storage tank but decreased at the preheater 
and slightly decreased at the clarifier; the lowest oxygen level occurred during 



Fxo. 3. Average oxygon content of milk at various steps during processing operations in 
plant n. 
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pasteurization. The oxygen content of the pasteurized milk increased 0.7 mg. 
at the homogenizer and increased further after cooling, but remained about the 
same at the bottle filler and in the bottles. 

The plate counts of the raw milk in these trials w’cre 0,500,000 and 6,200,000 
per ml., and the pasteurized milk, 130,000 and 67,000 per ml., respectively. 

Plant D. The milk at the weigh tank had an average oxygen content of 
6.54 mg./l. (figure 3). After being cooled and held in the storage tank, there 
was a decrease of about 0.5 mg., and a further decrease in the standardizing vat 
and at the preheater. The oxygen content of the milk increased at the homo- 
genizer, increased further at the clarifier and reached its lowest level during 
pasturization. As the milk flowed from the cooler, the oxygen content increased 
nearly 4 mg. but decreased about 2 mg./l. in the surge tank. Milk from the 
filler bowl showed an increase in oxygen which was followed by dectreases imme- 
diately after bottling and after storage for 24 hours. 

The plate counts of the raw milk in both trials were 500,000 and 470,000 per 
ml, and the pasteurized milk 9,700 and 9,200 per ml., respectively. 

DISCUSSION 

Assuming only small amounts of oxygen in milk in the udder, the greatest 
oxygen absorption occurred the time of milking. The oxygen content was 
higher w’hen milk was subjected to agitation in partially-filled cans enroute to 
the plant. 

The same general trend in oxygen content of the milk at similar processing 
points was observed in all four plants. There was a close relationship in all 
plants between the oxygen content of the raw milk at the time of delivery and 
its oxygen content at the various points of processing; however, the percentage 
decrease or increase at any of these points was approximately the same w’hen 
calculated on the basis of the oxygen content of the raw milk in the weigh tank. 

As expected, the lowest oxygen level occurred in milk during pasteurization, 
being 21.2 to 27.3 per cent less than the raw milk in the w'eigh tank, and it in- 
creased again when the milk was cooled. In plant D, where a high-temperature 
short-time pasteurizer w^as used, a reduction in oxygen occurred during pas- 
teurization in this closed system, with a subsequent increase in cooling. The 
effect of heat on the solution of oxygen in milk conforms to the solubility of 
gases in liquids as affected by temperature, a fact pointed out by Noll and 
Supplee (7). 

The lower oxygen level in the raw milk in plant C probably wras due to the 
higher bacterial count and to the higher temperatures at which most of the raw^ 
milk was delivered. Furthermore, it is interesting to note that the oxygen con- 
tent of the milk at comparable processing points was lower in plant C than in 
any of the other plants. 

In all plants, the amount of oxygen in the bottled milk was approximately 
the same as that in the weigh tank. 
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OONOLnSIONS 

1. The greatest amount of oxygen absorption occurred during milking. 

2. The amount of dissolved oxygen in raw milk presumably was influenced 
by its temperature and bacterial content and by the amount of milk in the cans 
at the time of delivery. 

3. The oxygen content of the milk at various processing points was related 
to its oxygen content in the weigh tank. 

4. The oxygen content in the bottled milk attained an equilibrium compar- 
able to that of the raw milk in the weigh tank. 

6. The oxygen content of the milk showed the same general trend at com- 
parable processing points in all four plants. 

6. The solubility of oxygen in milk conforms to the solubility of gases in 
solutions as affected by temperature. 
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PROPERTIES OP THE COLOSTRUM OF THE DAIRY COW. 

III. SEVERAL FACTORS AFFECTING VITAMIN A AND 
CAROTENOID CONTENT^- * 

D. B. PARRISH, G. H. WISE, a F. W. ATKESON, AND J. S. HUGHES 
Kansas Agricultural Experiment Station, Manhattan 

Vitamin A and carotenoids in colostrum from dairy cows have been the subject 
of numerous investigations. It has been observed that levels of these constituents 
generally are high in the initial colostrum and colostric fat but decrease rapidly 
as the mammary secretions change to normal milk (4, 6, 8, 11, 14, 20, 21, 22, 25, 
26, 27, 28, 29). Similar changes were noted in colostrum from sheep (1, 23, 31) 
and from women (5, 15, 16). During the early stages of the transition, decreases 
in concentration of fat-soluble pigments of bovine colostrum have been reported to 
follow a logarithmic trend (22), but an expression of the rate of change of vitamin 
A apparently has not been published. 

In one study (27), supplementation of the ration of preparturient cows with 
vitamin A and carotene (carrots) did not appear to increase levels of these con- 
stituents in colostrum ; however, others found that pasture increased the carotene 
(11 ) and the total vitamin A potency (14, 21). Recent investigations have shown 
that prepartal vitamin A supplementation augmented the vitamin A content of 
colostrum from cows (7, 25) and from does and sows (30). 

Much of the previous work has emphasized the variability in concentrations 
of vitamin A and carotenoids of colostrum, even from animals maintained under 
similar conditions. Vitamin A levels of the first postpartum mammary secretions 
from first-lactation cows were found to be approximately double those from cows 
in later lactations, but differences have not been reported for carotenoids (4, 10, 
11). The effect of breed upon vitamin A and carotenoids of colostrum either has 
been investigated with too few cows to warrant general conclusions (9, 24) or 
results have been complicated by inclusion of both first- and later-lactation 
animals in the same experimental groups (28, 29). 

Since it seemed desirable to obtain additional information on effects of various 
factors on vitamin A and carotenoid levels in colostrum and early milk, the 
present study was undertaken. Factors investigated were individuality of cows, 
breed, lactation number, type of prepartal ration and stage in the transition 
period. 

EXPERIMENTAL 

Feeding and management of experimental animals. In the major trials, 
comparisons were made of vitamin A and of carotenoid concentrations in co- 

Reeeived for publication Beptember 10, 1948. 

1 Contribution no. 872, Department of Chemistry, and no. 178, Department of Dairy 
Husbandry. 

s Portion of a thesis presented by D. B. Parrish in partial fulfillment of the requirements 
for the degree Doctor of Philosophy in chemistry at Kansas State College. 

s Present address, Department of Animal Husbandry, Iowa State College, Ames. 
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lostrum from groups of cows receiving either typical unsupplemented barn feeds 
or similar rations supplemented with seasonal pasture or vitamin A concentrates. 
The 86 experimental subjects, which included both first- and later-lactation cows 
of Holstein, Ayrshire, Jersey, and Guernsey breeds, were divided into three 
groups. The reference group, designated as the “barn-fed,” received a typical 
barn ration consisting of a concentrate mixture, Atlas sorgo silage and hay, fed 
according to conventional methods. The “pasture-supplemented” and the “vita- 
min A-supplemented” groups received, respectively, pasture grasses and vitamin 
A concentrates^ in addition to the barn rations. 

The hay fed consisted principally of alfalfa, but some prairie hay also was 
used. Pasture grazing was supplied by rye, a combination of alfalfa and brome 
grass, native grass or Sudan grass, depending on availability at different periods. 

The trials were designed to restrict all the cows to experimental rations during 
the major portion of the 6- to 8-week prepartal conditioning period. Duration of 
the experimental feeding, however, varied considerably, depending upon seasonal 
conditions and upon deviations from expected date of parturition. In only six 
cases was the length of the prepartal supplemental-feeding period less than 2 
weeks. Cows in barn-fed groups were off i)asture 2 to 6 months prepartal. Sup- 
plementation with either pasture or vitamin A was discontinued at parturition, 
except as noted later. 

Two major feeding trials were conducted, no. I in 1945 and no. II in 1946. 
In the former trial, the vitamin-A-supplemented cows received 1,000,000 I.U. of 
vitamin A daily during the 2 weeks preceding expected parturition date ; in the 
latter, a 2- week period of supplementation (28-14 days prepartal) was added, 
during which time the cows received 500,000 1. U. of vitamin A daily. In pasture- 
supplemented groups, less concentrate w^as fed in trial II than in trial I in order 
to conserve grains. This was accomplished by shortening the period of prepartal 
concentrate feeding of these cows and by returning them to pasture on the fifth 
day postpartum instead of the fourteenth. In tables that follow, results for the 
eighth day, therefore, are not included for pasture groups of trial II. 

Collection of samples. In order to avoid sampling difficulties, calves were not 
allowed to nurse. Each sample represented aliquots of well-mixed mammary 
products obtained by as thorough evacuation of the udder (10, 19) as possible 
by standard milking procedures, either hand or machine. The first milking 
generally was completed within 4 hours after parturition, and subsequent samples 
were collected at the regular morning and evening milking periods. Immediately 
after collection, samples were stored in the dark at 4° C. until removed for vitamin 
A and for carotenoid analyses, usually within 4 days. 

Method of analysis. Vitamin A and carotenoids were determined by an 
adaptation of the Boyer et al. method (3). Since colostrum normally is more 
viscous than milk and is higher in vitamin A and carotenoids, larger volumes of 
ether and wash solutions were employed than prescribed in the original method. 

*A concentrate of natural vitamin A ester in a special soybean flour base; however, two 
cows received vitamin A in a liver meal base and one cow received vitamin A in the form of a 
flsh oil concentrate. 
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Modifications of the procedure were as follows: For extraction, 50 and 30 ml. 
quantities of ether were used, respectively, in the first and the second separatory 
funnels. The solutions containing the non-saponifiable matter were washed by 
gentle mixing with 100 ml. of water, followed by shaking with 40 ml. and then 
25 ml. of acidified alcoholic wash solution. The two ether solutions were combined 
in one separatory funnel and 15 ml. of Skellysolve B were added to decrease the 
water content. The combined solutions were given a final washing by shaking 
with 25 ml. of cold water. An all-glass assembly of about 125 ml. capacity was 
used for evaporation of solvents. The residue was dissolved in Skellysolve B and 
diluted to volumes of 25 to 50 ml., the quantity employed depending upon the 
concentrations of vitamin A and carotenoids. The resulting solution was used 
for measuring total carotenoids.^ A Coleman spectrophotometer was employed 
in the colorimetric measurements. Calibration data and a modification of the 
instrument for vitamin A analysis have been published (17). The antimony 
trichloride reagent was prepared essentially as outlined by Koehn and Sherman 
(13). 

It was necessary to modify the procedure for colostrums of a high specific 
gravity since apparently either saponification or extraction was incomplete. 
Vitamin A and carotenoid values of colostrum samples having a specific gravity 
greater than 1.060 sometimes were increased as much as 25 per cent when saponi- 
fication by boiling under reflux for 20 minutes was substituted for the original 
3-hour saponification at room temperature. 

Expression of results. The results are presented primarily as concentrations 
of vitamin A and of carotenoids per unit of fluid, since this yields information on 
both nutritive value and effects of dietary vitamin A and carotenoids on changes 
of each of these eon.stituents in the mammary products. Total vitamin A and 
total carotenoid outputs during the first eight or nine milkings of the colostric 
period also are presented. Exceptions are made to the foregoing methods of 
stating results and other values are discussed only when expression in different 
units alters interpretations. 


RESUIiTS AND DISCUSSION 

Variations among cows of the same groups. Marked individual differences 
were found in colostrum from cows of the same breed, lactation and dietary 
groups. In comparisons of concentrations of either vitamin A or carotenoids in 
the first samples of colostrum from cows wdthin each of the individual experi- 
mental groups (designated in tables 2 and 3), one-third of the ratios of the highest 
concentration to the lowest was more than 3 : 1, but similar comparisons of milk 
near the end of the transition period revealed that only one-tenth of the cor- 
responding ratios was more than 3 : 1. In colostrum of the first milking, the 
widest ratio (12:1) for carotenoids was found in samples from first-lactation 
Jerseys receiving vitamin A supplements; the widest ratio (52 : 1) for vitamin A 
was in samples from first-lactation Jerseys fed the winter bam ration. The lowest 
^ A p-carotene calibration curve was used. Approximately 90 to 95 per cent of the total 
carotenoids may be considered as carotene (4, 18, 24). 
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value in the latter group was obtained from a heifer, J-367, that secreted an 
at 3 rpical colostrum that somewhat resembled whey (table 1). The extremely low 
vitamin A level associated with colostrum of low specific gravity was observed in 
secretions from only two other animals, also first*lactation heifers. Vitamin A 
and carotenoid levels in the milk at the end of the transition period were in the 
normal range. 

It is difficult to account for the individual variations in colostrum, which phe- 
nomenon also has been noted by others (4, 8, 10, 11, 26, 28). Among the factors 
that might be involved are heredity, endocrine activity, appetite and dietary 
history. 

Effect of breed. Although considerable variation within breeds was observed, 
the data from trials I and II (tables 2 and 3), especially the latter, show that con- 

TABLE 1 


Comparison of vitamin A and carotenoid contents of typical and atypical colostrum 
from Jersey heifers fed winter bam rations 


Mammary 

secretion 





Number of milking 




Oouiititueuts ' 

1 

2 

3 

4 

5 

6 + 7c 

8 + 9 

12 + 13 

16 + 17 

‘'Normal»»> 

Carotenoids 

147 

189 

107 

59 

(\ig,/100 ml.) 

41 35 

27 

16 

17 

(Av. of 3 
heifers) 

Vitamin A 

319 

398 

218 

125 

72 

75 

67 

30 

25 

*'Low specific 
gravity ' '*> 

Carotenoids 

19 

32 

32 

23 

31 

28 

23 

20 

22 

(Heifer 

J-367) 

Vitamin A 

10 

26 

37 

40 

53 

54 

48 

36 

26 


• In first colostrum, specific gravity = 1.060, total solids = 23.8 per cent and fat =; 5.45 per 
cent; in composite of 16th and 17th milUngs, c6rresponding values were 1.033, 13.9 and 4.27. 

bln first colostrum, specific gravity = 1.027, total solids = 9.0 per cent and fat = 1.15 per 
cent ; in composite of loth and 17th milkings, corresponding values were 1.033, 13.4 and 4.1. 
c Composite sample. 

centrations of carotenoids in colostrum and in early milk from Jerseys and 
Guernseys tended to be higher than in similar secretions from Holsteins and 
Ayrshires. Highest values were noted most frequently in colostrum from Guern- 
seys. The relationship of breed to vitamin A concentrations was variable and 
indefinite. Data reported by Sutton et al (28, 29) also indicated that carotene 
was higher in colostrum from Guernseys than from other breeds, but the results 
from first- and later-lactation cows were not segregated. 

Average total output of carotenoids during the transition period (first eight 
or nine milkings, tables 2 and 3) by Jerseys and Guernseys were higher than those 
from Holsteins and Ayrshires of the same experimental groups; however, in trial 
II there was a tendency for the latter breeds to secrete more vitamin A. 

Effect of number of lactations. Vitamin A levels were higher in nine-tenths 
of the colostrum samples (first five milkings) from first-lactation cows than in 
those from cows in later lactations receiving the same treatment (tables 2 and 8). 
In more than one-half of the samples from the former groups, averages were at 





Table 2 

of type of ration, number of lactation and breed of cows on vitamin A and on carotenoid contents of coXosirum and early mUk (Trial t) 
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214 


D. B. PABBISH BT AL. 




OiiH eqtr 
Oica <oo 
rH ©q ea 


ec rH W OS 
00 t- 


X to X 
S 00 M ^ 

rH IH « eo 


to to X OS 

H lO lo, © 

eo H ©q 04 


© X ro ^ 

ox 

^ »H X ©I 


10© 

©q© X© 
t* ©I X 


r-l ©q ©I w 


©X X© 
a yr nt'* 

X ©q 


X © »-t 

© © *H 

^ rH ©q ©4 


© ©1 X © 
l> X X 
© -r** © © 


ml III! Ill 


II II III! III! 


sii ni“ nn 3J 


rH ©I ©q rH »H rH 
©4 lO fH X eq rH 


!s iiH 

Ob OO 

5^ U ii II II II II 


1.5 I i i i i 

' ' Ob C50 00 


a 

nK HoHs 1-91-3 HW I^H3 


M O tt 


« text for deaeription of rations. <1 Mean calculated from one less than number of nniTnniA^ indicated, 

onposite sample. «Mean calculated from two less than number of animals indicated.* 

fo to seven laetatioiis. ' Only three cows represented in mean value. 



PROPERTIES OF THE COI-rOSTRUM OF THE DAIRY COW 


215 


least twice as hiph as were those of samples from the latter groups. On the other 
hand, only about two-thirds of the colostrum samples from first-lactation cows had 
a higher average carotenoid concentration than did those from later-lactation 
cows, and in many cases there was not a consistent trend. Although calculations 
of carotenoids per unit of fat revealed higher values for first-lactation cows more 
frequently than did calculations per unit of secretion, differences w’ere not marked 
enough to justify definite conclusions. 

A further comparison of carotenoid and vitamin A contents of early mammary 
secretions from two different lactation groups is shown in table 4. As also noted 

TABLE 4 


Effect of the ntmher of lactation on the carotenoid and the vitamin A contents of colostrum 
and early mUJe. {Same cows on similar dietary regimens used for comparison) 


Vitamin A 

No. of Laeta- 




Number of milking 



constituents 

eows 

tion no. 

1 

*> 

.3 

4 

5 6 

7 + 8® 

15 + 16 

Winter barn ration 








\ig./U)0 ml. 



Carotenoids 


1st 

121 

179 

88 

49 

35 35 

23 

10b 

4 

2nd 

136 

111 

44 

39 

30 33 

27 

10b 


Vitamin A 


Ist 

416 

551 

233 

125 

80 69 

37 

20i> 

4 





35 

25b 


2nd 

196 

160 

56 

46 

48 49 

Pasture 








\ig./l00 ml 



Carotenoids 

3 

Ist 

221 

188 

109 

80 

SSb 42‘> 

36b 

42b 

29c 

8c 

2nd 

184 

185 

157 

116 

73b 74b 

Vitamin A 

3 

1st 

316 

253 

152 

108 

66»> 42^ 

47b 

43‘> 

10c 

30c 

2nd 

127 

134 

107 

81 

63*» 51b 


» Composite sample. 

^ Average calculated from one less than number of animals indicated, 
c Figure represents value from one cow only. 


by others (4,' 10, 11), carotenoid concentrations of colostrum were not related 
definitely to number of lactation, but vitamin A values were consistently higher 
in samples from the cows during their first lactation. These differences in vita- 
min A possibly are related to length of the non-lactating period before calving 
(26). 

Relative effects of type of ration fed during latter stages of gestation, a. 
Roughages (carotenoids). It is shown by data of tables 2 and 3 that carotenoid 
contents of colostrum and early milk from pasture-supplemented cows of the same 
breed and lactation groups were from two to four times higher than corresponding 
mammary secretions from cows maintained on typical barn rations. An excep- 
tion, however, was noted for the first-lactation Holstein-Ayrshire group of trial I 
in which such marked differences were not found in samples from the second 
through the thirteenth milkings. 
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Comparisons of the effects of pasture and of barn rations on vitamin A levels 
of the mammary secretions (tables 2 and 3) showed that differences in the 
averages generally were less marked than noted for carotenoids, vitamin A con- 
centrations being higher for the pasture groups in only two-thirds of the samples 
compared. Supplementary calculations" indicated that vitamin A concentrations 
per unit of fat in colostrum and early milk from Jerseys and Quernseys of the 
pasture groups were no higher than those found in samples from cows of the 
same breeds fed only barn rations. Total output of Vitamin A, however, was 
consistently higher in colostrum from cows on pasture than from those receiving 
only barn rations. 

If data on vitamin A and carotenoids were combined as total vitamin A po- 
tency, average values for pasture cows would be appreciably higher than those for 
similar groups of barn-ration cows in more than three-fourths of the samples. 

Additional information on the comparative effects of dry rations and of 
pasture upon vitamin A and carotenoids of colostrum and early milk was obtained 
from a study involving five cows (Holsteins and Ayrshires) that were fed a 
carotenoid-low basal ration in which beet pulp replaced a part of the roughages. 
Three of the cows were allowed supplemental pasture both pre- and postpartally. 
Sampling and treatment of colostrum and milk were as previously described, 
except only secretions from the left half of the udder were used. Some samples 
were frozen and stored, which probably had little or no effect on vitamin A and 
carotenoid values (10). Concentrations of both vitamin A and carotenoids were 
more than two times higher in colostrum and early milk from cows receiving 
pasture than from those receiving only low-carotenoid rations. 

These results are in accord with earlier studies (14, 21) in which increases of 
total vitamin A potency were observed, but are somewhat discordant with those of 
others (25) in which carotene supplements increased only carotene of colostric 
fat. The increases in carotenoids resulting from pasture grazing are in harmony 
with observations of Henry et al. (11), but elevation of the levels of vitamin A, 
as reported herein, were not indicated by the latter authors. Failure of Stewart 
and McCallum (27) to detect increases of carotene in colostrum from cows receiv- 
ing prepartal supplements of carrots might have been due either to amounts 
ingested and/or to sampling methods employed. 

h. Vitamin A supplements. Colostrum and early milk from cows receiving 
vitamin A supplements prepartally contained appreciably more vitamin A than 
did the secretions from cows fed only barn rations (tables 2 and 3) . In more than 
half of the samples representing each of the first six milkings, average vitamin A 
concentrations in the secretions from cows receiving supplemental vitamin A were 
at least twice as high as were those from similar cows fed only bam rations. 
Unexpectedly, some of the higher vitamin A levels were found in colostrum from 
cows fed vitamin A supplement for the shorter periods of time. Also, cows 
receiving vitamin A produced colostrum of a higher vitamin A content than did 
cows receiving pasture, but, in general, differences were less marked than those 
found when vitamin A-supplemented and bam-ration cows were compared. 

^ Space does not permit presentation of these data as weU as some other in later sections ; 
data are available to anyone interested. 
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Increases in vitamin A levels of colostrum following supplementation of the 
ration with this vitamin also have been noted by others (7, 25, 30). Stewart and 
McGallum (27), however, did not find cod-liver oil supplements providing 70,000 
I. U. vitamin A per cow daily effective in increasing the vitamin A levels of 
colostrum. This low level of supplementation, the sampling methods and the 
possible reduction of milk fat by cod-liver oil (2) might have affected their results. 



FiO. 1. Changes in concentration of vitamin A and of carotenoids in oolostric fat during the 
transition period. 

Several reports previously reviewed (32) indicated that a large intake of 
vitamin A decreases the cartenoid content of milk. When the diet of cows that 
had various degrees of mastitis was supplemented with 1,250,000 I. U. of vitamin 
A daily, both pre- and postpartally, suppression of carotenoids in colostrum and 
early milk seemed to occur, as also noted by Esh et aL (7). On the other hand. 
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when supplementation with 1,000,000 I. IT. of vitamin A daily was discontinued 
at parturition, the effect on carotenoid contents of the secretions was variable 
(tables 2 and 3). In the present study, suppression of carotenoids was observed 
somewhat more frequently in the colostric fat than in the complete mammary 
secretion ; explanation for this difference is obscure. 

Effect of stage in the transition period. Vitamin A and carotenoid contents 
of the mammary secretions normally decreased rapidly durin*? the first few milk- 
ings following parturition (tables 2, 3, and 4), as also observed by other inves- 
tigators. Characteristic transitional changes of vitamin A and carotenoids in 
colostric fat (trial II) are presented on a semi-logarithmic scale in figure 1. 
In spite of irregularities observed, especially in secretions from some of the 
smaller groups of cows, decreases of both vitamin A and carotenoids tended to 
follow a logarithmic course. This trend is more pronounced when results are 
expressed as content per unit of fat instead of per unit of fluid secretion. Rates 
of change resemble those found for tocopherols (19), and a similar trend also 
has been reported for carotene (22). Observations over extended periods dis- 
closed that the rates of change in concentrations of vitamin A and carotenoids 
generally had undergone a marked decrease by the eighth to the tenth milking 
postpartum. The rates of change of vitamin A and carotenoids of colostric fat 
apparently were not affected markedly by breed, number of lactation and type 
of prepartal ration. 

However, some exceptions to the general trend were noted. These occurred 
especially in the group averages of samples from first-lactation, pasture-supple- 
mented Jerseys and Guernseys of trial II (fig. 1) and in those from the individual 
Jersey cows of the barn and the pasture groups of trial I (table 2). These ap- 
parently anomalous tendencies might have been due to changes that were observed 
in the fat content of the secretions. It is not known to what extent results w^ere 
affected by inability to evacuate the gland completely at each milking (29). 

In transitional mammary secretions from three cows receiving rations fortified 
with vitamin A, 1,250,000 I. IJ. daily (32), both pre- and postpartally the con- 
centrations of this vitamin remained high over a longer period than did the levels 
in corresponding secretions from comparable cows (trials I and IT) receiving 
1,000,000 I. U. of supplemental vitamin A daily only to the time of parturition. 
The differences were marked after the third milking. At the end of the transition, 
the values of vitamin A in the milk of the postpartally supplemented cows were 
eight times higher than in milk from cows that were not supplemented after 
parturition ; the concentrations in the fat were three times higher. 

SUMMARY 

A study was made of the effects of individuality, breed, lactation number 
and prepartal diets on vitamin A and carotenoid contents of colostrum and tran- 
sitional milk from 86 cows representing four dairy breeds. 

Marked individual differences were found in the vitamin A potency of colos- 
trum from cows of the same breed, lactation (first or later) and dietary group. 
A greater degree of variability was observed in early colostrum than in the milk 
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from the same cows at the end of the transition period. Occasionally, first-lac- 
tation cows secreted an atypical colostrum in which vitamin A and carotenoids 
were abnormally low. 

The carotenoid content of colostrum and early milk from Jerseys and Guern- 
s(\vs was higher than in the corresponding secretions from Holsteins and Ayr- 
shires, but differences with respect to Vitamin A were not marked. 

Concentrations of vitamin A in the mammary secretions from first-lactation 
cows generally were higher than in those from cows in later lactations, but con- 
sistent differences in carotenoids were not observed. 

Access to pasture during the terminal weeks of gestation produ(‘ed higher 
levels of carotenoids in colostrum and transitional milk than did typical barn 
rations. Although levels of vitamin A generally were increased by pasture 
grazing, the increase was not so great as observed for carotenoids. 

High intakes of vitamin A concentrates (500,000 and 1,000,000 1. U. daily, 
respectively, 4-2 and 2-0 weeks prepartal increased the vitamin A content of 
colostrum and transitional milk to levels higher than those in corresponding 
mammary products from cows fed either typi(*.al barn rations or pasture. 

Supplementation of the ration with 1,250,000 I. II. of vitamin A daily both 
pre- and postpartally, tended to decrease the concentration of carotenoids in the 
mammary secretions; but supf)lementation during the prepartal period only 
(4-2 and 2-0 weeks, at levels of 500,000 and 1.000,000 I. l\ daily, respectively) 
had no consistent effect on the carotenoids. 

Concentrations of vitamin A and carotenoids in first colostrum generally 
were several times higher than in milk at the end of the transition period. Even 
w’hen daily supplementation with high levels of vitamin A was continued post- 
partally, as well as during the prepartal period, the first colostrum averaged 
almost 3 times higher in vitamin A content than did milk from the same cows 14 
days later. 

The transition in vitamin A and in carotenoid contents of t*olostric fat was 
rapid during the first eight milkings, both constituents following a similar log- 
arithmic trend. Neither number of lactation (first or later), breed, nor pr(‘- 
partal rations seemed to influence appreciably the rate of transition, but in all 
cases definitely smaller rates of change were evident by the eighth to the tenth 
milking. Since vitamin A and carotenoids of colostrum are concentrated pri- 
marily in the fat, the logarithmic trend usually was manifested more clearly 
when results were expressed as concentrations per unit of colostric fat instead 
of as concentrations per unit of total secretion. 
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STUABT PATTON! and DONALD V. JOSEPHSONi 
Ohio State University, Department of Dairy Technology 

The identification of some of the end products resulting from the heating of 
skimmilk should present a workable approach to the problems of browning and 
caramelized flavor development in milk and other dairy products. The constitu- 
ents native to milk are well known and with some knowledge of the end products, 
formulation and comprehension of the underlying chemical mechanisms would be 
facilitated greatly. Very little work has been done in this field of dairy research. 
Most of the information pertaining to the subject concerns the formation of vola- 
tile acids (formic in particular) and lactic acid. Acid production in milk as a 
result of heating has been observed by many workers ; the findings of Gould (5, 6) 
and Gould and Frantz (7) are most significant on this point. Hankinson et al. 
(8) have attempted to identify a dialyzable substance from raw milk which when 
heated gives rise to a heated milk flavor and odor. Even though their efforts to 
isolate this compound were unsuccessful, they did succeed in establishing some 
of the characteristics of the compound. 

Of late, considerable interest has attached to the possible role of furan com- 
pounds in the browning of many stored foods. Although it might be expected 
that such compounds are generated in milk under the influence of heat, there 
seems to be no direct evidence in the literature supporting this theory. 

In view of the scarcity of information on this subject and the obvious value 
which further findings would have, it seemed worthwhile to attempt isolation and 
characterization of compounds formed in milk by heat. 

EXPERIMENTAL 

Removal of ether-soluhle substances from heated skimmilk, Skimmilk pas- 
teurized at 62.2® C. for 30 minutes was placed in three 2-gallon milk cans and 
autoclaved, 5 gallons at a time, for 90 minutes at 126.6® C. The autoclaved milk 
was allowed to cool over night in a refrigerator at 4® C. The following day the 
milk was extracted with an equal volume of redistilled ethyl ether. 

The extraction was done by hand using either a 2-litcr or 4-liter aspirator 
bottle with outlets at the bottom and top for separating the milk and ether layers. 
One- or 2-quart quantities of milk were extracted at a time, and the extraction 
was accomplished by vigorous shaking of the ether-milk mixture for a period of 1 
to two minutes. The ether-soluble substances were concentrated by distilling off 
the excess ether. This ether subsequently was reused for further extraction. All 
stoppers were lined with tinfoil to prevent the accumulation of impurities in the 
ether. Two separate large scale experiments were carried out involving the ex- 
traction of 22 gallons of heated milk in the first and 25 gallons in the second. 

Beceived for publication September 33, 1948. 

1 Present address : Department of Dairy Husbandry, The Pennsylvania State College, State 
College, Pa. 
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Purification of the ethcr-soluhlc substances. When the ether extract was con- 
centrated to a volume of approximately 200 ml., the balance of the ether was 
removed by vacum, using a water pump. Following removal of the ether, the 
residue immediately was taken up in 300 ml. of water. The water solution, which 
also contained insoluble matter, was extracted with two 50 ml. portions of petro- 
leum ether (35-65° C. boiling fraction) to remove the true petroleum ether- 
soluble substances. The water fraction then was extracted with three 600 ml. 
volumes of redistilled ethyl ether. The ether solution was dried by shaking with 
anhydrous sodium sulfate and concentrated again in the manner outlined previ- 
ously for the crude ether extract. In this way, it was j>ossible to separate the 
true ether-soluble substances from those predominantly water-soluble or petroleum 
ether-soluble. 

Distillation of the ether-soluble residue. The dry ether-soluble residue (ap- 
proximately 10 ml. of material) was transferred to a 25 ml. distilling flask which 
then was fitted with a capillary and a 100° C. thermometer. This flask delivered 
into a 10 ml. distilling flask. The side arm of the receiving flask was connected 
to a va(*uum system which oi)erated at 1 to 2 mm. pressure in the first experiment 
and at less than 1 mm. in the second. A warm water bath was used as the heating 
medium and the receiving flask was submerged in an ice bath. 

In the case of the first experiment, 1 ml. of material distilled between 22 and 
57° C., but at 57° C. the temperature held quite steadily. A new receiving flask 
was inserted and an additional 2 to 3 ml. distilled between 57 and 59° C. At this 
point, the water bath temperature was 65° C. Raising the temperature of the 
bath to 100° C. accomplished no further distillation and merely darkened the 
residue in the distilling flask so the distillation was halted at this point. The 
fraction boiling between 57 and 59° C. was redistilled under vacuum, the first 
few drops being discarded. The same proi'edure was used in the second experi- 
ment and essentially the same results were obtained, except that the major por- 
tion of the residue distilled between 46 and 48° C., no doubt due to the higher 
vacuum. The procedure used in the isolation of this distillate from the auto- 
claved skimmilk is illustrated schematically in figure 1 . 

Characteristics of the compound constituting the vacuum distillate. Since the 
vacuum distillate showed some indication of purity by its constant boiling char- 
acteristic, it was thought advisable to attempt identification of the major com- 
pound present. The first experiment revealed the following properties of the 
distillate; Boiling point — ^740 mm., 165° C. ; refractive index — (ur)-’'*), 1.485; 
density — (D4*®), 1.1 f; freezing point — ,< -30° C. ; water soluble, ether soluble; 
containing no nitrogen, sulfur or halogen ; average carbon 60.15 per <*(»nt; average 
hydrogen 6.07 per cent. 

The carbon-hydrogen analysis of the distillate corresponded well to an em- 
pirical formula of CftHo02. It was observed further that the distillate gave typical 
reactions for certain furan compounds. It turned a pine splint moistened with 
concentrated hydrochloric acid blue-green (9). It reddened aniline-hydrochloric 
acid reagent (10). It also produced a black resin with concentrated sulphuric 
acid. 
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At this point it was suspected that the distillate might be mainly furfuryl 
alcohol and a number of tests were performed with the distillate and a control 
sample of furfuryl alcohol. The results indicated great similarity in respect to 
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Preparation of derivatives. In order to obtain more material for the prepa- 
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ration of suitable derivatives and to verify the findings of the first experiment, 
it was necessary to conduct a second experiment. Investigation of the distillate 
from the second trial revealed it to have the same physical and chemical proper- 
ties as indicated for that of the first. 

The naphthyl and phenyl urethanes and the 3,5-dinitrobenzoate derivatives 
of the distillate were prepared in acicordanee with the procedures outlined by 
McElvain (11) and Shriner and Fuson (14). Table 1 gives the melting points 
of the derivatives obtained together with those given by Huntress and Mulliken 
(9) for furfuryl alcohol. These data indicate quite conclusively that the distillate 
is mainly furfuryl alcohol. 

Procedure and observation in connection with the control experiment. In 
order tn establish the fact that in this investigation furfuryl alcohol was produced 
in skimmilk by heating and was not a constituent native to the milk or an ac- 
cumulated impurity resulting from the method or reagents used, it seemed ad- 

TARLE 1 

Meliing points of derivatives prepared from the vacuum distillate obtained by ether extraction 
of heated skimmilk as compared with those for the same known 
derivatives of furfuryl alcohol. 


1 

Derivatives ' 

1 

Observed melting point 

I > 

Melting point of furfuryl 
alcohol derivative* 


(“C.) 

rc,) 

Naphthyl urethane 

129-130 

129-130 ' 

l*hcnyl urethane | 

! 43-45 

45 

3,5'dinitrobenzoate 

1 79-81 

80-81 


» IIuiitreHH and Mulliken (9j. 


visable to conduct a control experiment. Five gallons of fresh raw skimmilk 
were extracted with ether and the ether extract concentrated in the same manner 
as described for the heated skimmilk. Qualitative tests for furan compounds 
were performed on the ether extract residue. The pine splint and aniline-hydro- 
chloric acid tests were negative. The residue did not darken sulfuric acid ap- 
preciably. The resulte of these tests are sufficient evidence that furfuryl alcohol 
is not a normal constituent of raw milk but is produced by heat treatment. 

DISCUSSION 

It has been known for some time that furfural may be produced by heating 
pentosans in the presence of concentrated sulfuric acid. The general character 
of the reaction appears to be the removal of three molecules of water from the 
pentose molecule, although the reaction may be stepwise and somewhat more 
complicated (3). This method serves as the basis for the commercial production 
of furfural, which is a very useful intermediate in the synthesis of many other 
furan derivatives (1, 13). Furan compounds also have been synthesized in the 
laboratory by ring closure of certain diketones and other suitable compounds (3). 
Whereas pentoses yield furfural when heated in an acid medium, hexoses yield 
hydroxy-methyl furfural (15). 
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The chemistry of furan compounds has been reviewed extensively by Oilman 
and Wright (4) with respect to syntheses, reactions, aromatic character of the 
ring, ring substitution and scission. Further review of the subject is not within 
the scope of this investigation, but it should be pointed out that the mechanism 
by which furfural may be oxidized to the acid or reduced to the alcohol (3) may 
have some bearing on the formation of furfuryl alcohol in heated milk. 

The isolation of furfuryl alcohol was somewhat incidental in the present in- 
vestigation, since the major objective was the isolation of heat-generated flavor 
compounds in milk. However, its importance as an associated substance and an 
end product of the chemical reactions initiated in milk by heat should not be 
overlooked. At the very least, its presence is an indication that furan compounds 
are involved in the chemical changes induced in milk by heat, and the possibility 
exists that furfuryl alcohol is produced from furfural under the influence of the 
strong reducing conditions existing in heated milk. Sulfhydryl groups which are 
strong reducing substances and which have been observed to disappear during the 
processes of browning and caramelized flavor development in milk may be im- 
plicated in these changes. For example, furfuryl mercaptan in low concentra- 
tions has an odor of roasted coffee, and several observers have described the odor 
of the ether extract residue in this investigation as resembling that of coffee. Al- 
though such thinking is quite speculative, the possibility that furan compounds 
are involved in the caramelized flavor mechanism should not be overlooked. 

It would be logical to assume that furfuryl alcohol is a heat degradation 
product of lactose, although proof is lacking on this point. Following this as- 
sumption a step further, it is evident that the chemistry must be somewhat 
devious, since hexoses give rise to six carbon furans. A decarboxylation mecha- 
nism might account for this inconsistency. Another potential source of furan 
compounds in milk is ascorbic acid. Cranston (2) recently has shown that as- 
corbic acid may yield furfural under certain conditions. Patton and Josephson 
(12) have observed that the addition of ascorbic acid to raw milk at the rate of 
1 g. per liter will bring about the development of caramelized flavor at time- 
temperatures much lower than those noted under normal conditions (90° C.- 
flash). The role of ascorbic acid under these conditions is not clear, but its pos- 
sible relationship to caramelized flavor and furan compounds is a point of 
interest. 

SUMMARY AND CONCLUSIONS 

A method for removing and purifying the ethyl ether-soluble substances of 
heated skimmilk is presented. Using this method in combination with a vacuum 
distillation technique, it was possible to isolate furfuryl alcohol in a fairly high 
state of purity from heated skimmilk. Confirmatory evidence of the presence of 
furfuryl alcohol is given by the results of qualitative tests and the preparation of 
suitable derivatives. The control experiment demonstrated that furfuryl alcohol 
is a compound generated in milk by heat and is not a normal constituent of un- 
heated milk. 

Although the significance of furfuryl alcohol as an end product of the heat 
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induced chemical reactions in skimmilk is not entirely evident at this time, the 
knowledge of its presence promises to be valuable in further clarifying the nature 
of browning and caramelized flavor development in milk and milk products. 
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FUSED TRICALCIUM PHOSPHATE AS A LOW-FLUORINE 
PHOSPHORUS SUPPLEMENT FOR DAIRY CATTLE^ 
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Department of Dairy Husbandry, Virginia Agricultural 
Experiment Station, Blacksburg 

Added impetus was given during the recent world war to the search for a 
phosphorus supplement for cattle which safely would replace the bone meal in 
the ration, due to the shortage of feeding-grade bone meal. The Tennessee 
Valley Authority developed a process for defluorinating rock phosphate which 
lowered the fluorine considerably and lowered the phosphorus only slightly (7). 
This process involves fusion of the rock phosphate in a shaft furnace and quench- 
ing in high-velocity water jets when the fluorine has been driven off. From an 
original material containing 3.5 to 4.0 per cent of fluorine, a fused tricalcium 
phosphate containing less than 0.4 per cent of fluorine can be produced. 

REVIEW OP LITERATURE 

Early attempts in the use of raw rock phosphate as a calcium and phos- 
phorus supplement usually met with disaster, although the material seemed 
almost ideal because the proportions of calcium and phosphorus in the phosphate 
were in the same ratio as in the bones of animals. The toxic effect of this 
material was traced to its fluorine content. 

The literature relating to fluorine in the ration of various animals has been 
reviewed by Mitchell (9). Work with dairy cattle has been reported by Reed 
and Huffman (12) and by Phillips et al, (11). Reed and Huffman showed 
that when raw rock phosphate was added to the ration at the rate of 1.5 per 
cent of the grain mixture, poor health, reduced appetite, reduced milk produc- 
tion and badly worn, cold-sensitive teeth resulted. The metatarsal bones and 
maxillae were exostotic and there was some evidence of ankylosis. However, 
reproduction did not seem to be affected. A complex mineral mixture produced 
similar results, probably due to the use of raw rock phosphate in the mixture. 

Phillips et al. (11) supplied six groups of three animals each with varying 
amounts of minerals; three of the grain rations contained 0.022, 0.044 and 0.088 
per cent fluorine from raw rock phosphate. The rate of growth to 2 years was 
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reduced slightly on the high fluorine rations but weight differences increased 
with each lactation; milk production also was markedly reduced. In addition 
to causing exostoses of the bones and excessive abrasion of the teeth, high 
fluorine intake interfered with tissue respiration through its effect on enzyme 
systems. The critical level of fluorine tolerance was considered to be 2-3 mg. 
per kg. of body weight. 

The value of fused tricalcium phosphate as a phosphorus supplement has 
been studied with rats (1, 3, 4, 14) and with chicks (2, 5, 8). In general, the 
phosphorus of the fused tricalcium phosphate has been found slightly less avail- 
able than in tricalcium phosphate, secondary calcium phosphate or bone meal, 
when the amounts fed were at the borderline in regard to sufficiency of phos- 
phorus. In some cases, with larger amounts of phosphorus available, differ- 
ences were less marked. Gullickson and Olson (6) studied a defluorinated rock 
phosphate produced by calcination and acid treatment with less than 0.1 per 
cent of fluorine. Differences in weight gains of heifers were slightly in favor 
of the bone meal group, but the difference was not signifleant. 

On reviewing published work, Mitchell (9) stated: “One could not be far 
wrong in assuming, on the basis of available data, that a level of 0.01 per cent 
of fluorine in the total dry rations of these animals is approximately borderline 
between safe and unsafe com^ntrations.” lie referred to pigs, sheep and cattle. 
This statement was the basis for the levels of fluorine used in this experiment, 
with one group at approximately one-fourth of this amount which was consid- 
ered as a safe level, one group at this 0,01 per cent level as borderline, and one 
group at twice this level to produce readily-observed symptoms. 

EXPERIMENTAI^ 

Six Holstein bull calves were divided into three groups of two each, at ran- 
dom. They were castrated between the ages of 4 and 6 weeks and were placed 
on experiment March 24, 1944, at which time they ranged in age from 3 to 10 
weeks. Whole milk was fed up to the age of 6 weeks, when it was replaced 
gradually by calf starter. At the age of 5 months, the starter was replaced 
gradually by a simple concentrate mixture. Hay was fed ad libitum from the 
time the calves would eat it. Silage was fed during the winter months after 
the calves were approximately 9 months of age. The steers were not pastured 
at any time. 

The calf starter was a commercial mixture from which the steamed bone meal 
and ground limestone had been omitted. The simple concentrate mixture was 
made up of two parts ground yellow com, two parts ground oats, two parts 
wheat bran and one part linseed meal. This mixture was modified slightly 
from time to time, as the availability of certain ingredients was limited. .To both 
the basic calf starter and the simple concentrate mixture, the experimental 
phosphates were added as follows : 

Group 1 (steers 49 and 50) 2 per cent of fused tricalcium phosphate containing 
0.24 per cent of fluorine. 
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Group 2 (steers 51 and 52) 1 per cent of mixed phosphate containing 2.0 per 
cent of fluorine. 

Group 3 (steers 53 and 47) 2 per cent of mixed phosphate containing 2.0 per 
cent of fluorine. 

The mixed phosphate was prepared by mixing raw rock phosphate containing 
3.51 per cent of fluorine and fused tricalcium phosphate containing 0.02 per 
cent of fluorine. Thus, the three grain mixtures contained 0.0048, 0.02 and 
0.04 per cent of fluorine, respectively. The amount of grain fed was increased 
periodically to meet the increased maintenance and growth requirements. At 
the age of 3.5 years the steers were receiving 8 lb. of grain daily. Periodic 
examinations of the incisor teeth, the legs and the ribs of the steers were made 
and the results recorded. Weight and height-at-withers measurements were 
taken monthly at the beginning of the experiment, with the frequency decreas- 
ing slightly toward the end of the period. 

The steers were slaughtered in October, 1947, when they wore between 42 
and 44 months of age. The liver, heart, spleen, kidneys and suprarenal glands 
were examined macroscopically at the time of slaughter. The left foreleg and 
the upper and lower jaws were cleaned of all flesh and outer connective tissue, 
the metacarpal being cut longitudinally, and the parts photographed. Before 
cutting, the smallest circumference of the diaphysis and the circumference in 
the region of the epiphyseal-diaphyseal junction were determined. A sample 
of bone was taken from a cross section of the left radixis, and the lower left 
first molar and the lower left third molar were prepared for analysis. The bone 
samples were analyzed for fluorine, calcium and phosphorus, and the tooth 
samples for fluorine only. Blood plasma calcium and inorganic phosphorus 
were determined on samples of blood collected at the end of the experiment. 

The growth data were analyzed by analysis of covariance, using simple linear 
regression for the weight-age relationship. In the case of height at withers, a 
curvilinear relationship was apparent, and height was plotted against the loga- 
rithm of age. The compositions of the bone and tooth samples were treated by 
analysis of variance with individual comparisons between groups made by sep- 
arating the individual degrees of freedom for treatment. 

RESULTS 

Orowth, The regression coefficients for weight on age for each individual 
steer, the average regression coefficient for each group of two, and the average 
coefficient for all steers are presented in table 1, together with the regression of 
height on the logarithm of age. The correlation coefficients for both height and 
weight, also presented in table 1, indicate quite clearly the close fit of these re- 
gression curves to the actual data. The analysis of covariance of height-at- 
withers indicated highly significant differences between the regression coeffi- 
cients of the individual steers but no significant difference among the three 
group regressions. In regard to weight, neither individual nor group regres- 
sions were significantly different. 
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TABTiE 1 

Correlation and regression ooeffirAents for weight-age and height-log age 
relationships for individual steers and for groups 


Weight-age 

Height-log age 

Regression Correlation 

Regression Correlation 


Steer 49 

26.79 

0.993 

19.54 

0.992 

Steer 50 

27.63 

0.995 

23.11 

0.995 

Av. — group 1 

27.21 

0.994 

21.33 

0.989 

Steer 51 

28.56 

0.993 

22.04 

0.991 

Steer 52 

25.25 

0.988 

20.30 

0.995 

Av. — group 2 

26.90 

0.989 

21.17 

0.991 

Steer 53 

24.65 

0.997 

20.89 

0.991 

Steer 47 

27.73 

0.986 

22.88 

0.996 

Av. — group 3 

26.19 

0.981 

21.88 

0.991 

Av. — all animals 

26 77 

0.988 

21.46 

0.992 


In both the heif?ht and weight data, the last three measurements were esti- 
mated for steer 50 by the missing plot technique (13), and the degrees of free- 
dom for this steer and for error thus were reduced by 3. 

Composition of hones and teeth. The calcium, phosphorus and fluorine con- 
tent of the samples of bone taken from the left radius, and the fluorine content 
of the lower left first molar and the lower left third molar are presented in 
table 2. Statistical analysis iddicated highly significant differences among the 
three groups in the calcium content of the bone samples. The group receiving 
only 1 per cent of the phosphate in the grain mixture had the highest calcium 
content in the bone, and this difference is chiefly responsible for the statistically 
significant difference. The differences in phosphorus content of these bone 
samples among the groups were not significant. 

The fluorine content of the bone samples showed a considerable accumulation 
of fluorine in the bones, as represented by this one sample, when large amounts 
of fluorine were fed in the ration. The difference between groups 1 and 2 was 
statistically significant; the difference between groups 1 and 3 was highly sig- 
nificant; and the difference between groups 2 and 3 was not significant. 

TABLE 2 

Average composition of hone sample from left radius and of the 
lower left first and third molar teeth 


Bone — left radius 


First 

molar 

fluorine 

Third 

molar 

fluorine 

Calcium Phosphorus 

Fluorine 

(%) (%) 

(%) 

(%) 

(%) 


Steer 49 ... 

27.0 

12.0 

0.15 

0.17 

0.15 

Steer 50 

26.7 

12.8 

0.14 

0.20 

0.19 

Av. — group 1 

26.8 

12.4 

0.14 

0.18 

0.17 

Steer 51 . . 

27.5 

12.3 

0.36 

0.39 

0.38 

Steer 52 

27.5 

12.6 

0.42 

0.35 

0.34 

Av. — ^group 2 

27.5 

12.4 

0.39 

0.37 

0.36 

Steer 63 

26.7 

12.1 

0.38 

0 27 

0.25 

Steer 47 

26 5 

12.0 

0 61 

0.37 

0.40 

Av. — group 3 

26.6 

12.0 

0.50 

0 32 

0.32 
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There was a rather high correlation between the fluorine content of the first 
and third molars of the same animal. The difference between groups 1 and 2 
was significant for both the first and third molar. The difference between 
groups 1 and 3 was significant for the first molar but not significant for the third 
molar. The difference between groups 2 and 3 was not significant for either 
the first or the third molar. The mean values for both first and third molars 
were slightly lower for group 3 (receiving the most fluorine in the ration) than 
for group 2 (receiving only half as much). 

Examination of hones and teeth. Only one of the bones showed any abnor- 
mal characteristics; this was the metacarpal from steer 47 of group 3. The 
measurements of all of the bones indicated no significant differences, but this 
one bone (no. 47) was somewhat larger in circumference, both at the smallest 



Flo. 1. Enlargement of metacarpal bone due to high fluorine intake of steer 47 compared 
with the apparently normal bone of steer 51 which was on the borderline level of fluorine intake. 

diameter of the diaphysis and the circumference in the region of the epiphyseal- 
diaphyseal junction. In cleaning this bone, when the periosteum was being re- 
moved, a layer of rather porous bone came off with the periosteum in one place. 
Below this porous layer the bone seemed to be similar in hardness to the bones 
of the other steers. Careful macroscopic examination showed no differences 
other than this which could be attributed to the fluorine in the rations. Photo- 
graphs of the metacarpal bones of steers 51 and 47 are shown in figure 1, to 
illustrate the difference between an apparently unaffected structure and the 
enlarged, more porous bone. In the periodic examinations of the steers, no ab- 
normalities of any of the leg bones or ribs, such as exostoses, were observed 
which could be attributed to the fluorine-containing rations. 
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Fiq. 2. Comparison of roughness, discoloration and softening of incisor teetii on a low 
fluorine intake (49 and 50), borderline fluorine intake (51 and 52) and high fluorine intake 
(53 and 47). 

The periodic examinations of the incisor teeth indicated that the deciduous 
teeth of both steers in jrroup 1 showed no abnormalities in the way of. roughness 
or discoloration. The permanent incisors, however, did show some roughness 
and streaks, especially near the gum line. This is shown in figure 2. Group 2 
showed some increased wear and irregularities of the cutting edges of the de- 
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Flo. 3. Comparison of the abrasion of molar and premolar teeth on a low fluorine intake 
(49 and 60), borderline flnorine intake (51 and 52) and high fluorine intake (53 and 47). 
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ciduous incisors, and some mottling near the gum. Steer 52 showed somewhat 
greater mottling than steer 51 and showed wear on the anterior surface of two 
of the teeth. In group 3 there was definite pitting of the deciduous teeth of 
both steers and definite roughness and mottling of the permanent teeth. The 
wear on the anterior surface of the teeth of steer 47 was more pronounced than 
in steer 52 and was principally on the first pair of teeth. 

Photographs of the molar and premolar teeth of the six steers are shown in 
figure 3. There seemed to be no abnormal wear in either steer of group 1. 
The abrasion of the teeth of groups 2 and 3 did not differ greatly. The most 
pronounced wear was found in steer 52 of group 2. Also in this steer the sec- 
ond upper molar on both sides had an abscess at the base, with erosion of the 
bone surrounding the root. The whole tooth also was discolored, being darker 
in color than the other teeth. 

Examination of internal organs. Steer no. 50 died from ingested wire be- 
fore the expiration of the experiment, but an autopsy failed to show any no- 
ticeable effects of fluorine. Examination of the liver, spleen, kidneys and 
suprarenal glands of the other five steers failed to show any abnormalities except 
that the organs were smaller than normally would be found in steers of this 
size and age. This could be due to the limited amount of exer(*ise allowed. 
Cysts approximately 0.4 in. in diameter were found in the right atrio-ven- 
tricular valves of steers 51 of group 2 and 47 of group 3. 

Blood serum. Analysis of the blood serum for calcium and inorganic phos- 
phorus gave values within the normal ranges. 

DISCUSSION 

Fluorine at the levels studied in this experiment did not affect significantly 
the rate of growth of steers. At the same age, the heifers in the experiment of 
Phillips et al. (11) showed a definite decrease in weight as compared with the 
control groups, but these animals had been under the added strain of gestation 
and lactation. A longer period of development for the steers might have dis- 
closed similar differences. 

The statistically significant difference between groups in the calcium (?on- 
tent of the bones is difficult to interpret satisfactorily, especially since the group 
with the highest bone calcium was the one receiving the least calcium supple- 
ment in the ration. However, the difference seems to have little practical sig- 
nificance in this experiment. The fluorine content of the bone samples was not 
strictly proportional to the fluorine intake, but did increase with the increased 
intake. The fluorine content of the molars did not show a similar proportional 
relationship, though groups 2 and 3 were higher than group 1. 

The incisor teeth of steers 49 and 50 in group 1 did not seem to show any 
abnormal wear, even though there was a slight roughening and discoloration on 
the anterior surface. Since these animals had been receiving fluorine almost 
from birth and through the formative stages of these teeth, which is usually 
considered the most critical time for such abnormalities to develop, with only 
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these slight indications of fluorosis, this level of fluorine intake might be con- 
sidered as a safe level. 

Mitchell (10) has emphasized the fact that with the possible exception of 
very young animals, the phosphorus requirements nearly always are met when 
a ration contains enough suitable protein supplement to meet the protein re- 
quirements of the animal. However, to be on the safe side, many recommenda- 
tions include some phosphorus supplement in the ration. Such recommenda- 
tions are seldom for more than 1 per cent of a supplement containing phos- 
phorus at levels comparable to bone meal. In this experiment the low-fluorine 
ration contained 2 per cent of the fused tricalcium phosphate containing 0.24 per 
cent fluorine. Apparentlj', this fused phosphate can be considered as a safe phos- 
phorus supplement, if fed as only 1 per cent of the grain ration. 

Since the teeth, both incisors and molars, of the group receiving 0.02 per 
cent of fluorine in the grain mixture showed definite signs of fluorosis, and the 
wear of the molars was as severe as for the higher level of fluorine intake, this 
level should be considered unsafe for dairy animals, especially since milking 
cows generally would receive larger amounts of grain and consequently a larger 
total intake of fluorine. 


, SUMMARY 

Six dairy steers received three levels of fluorine in their grain rations 
(0.0048, 0.02 and 0.04 per cent) from shortly after birth to 3.5 years of age 
from fused triealcium phosphate and raw ro<*k phosphate. 

The rate of growth of the three groups, as measured by weight and height- 
at-withers, did not differ significantly. 

The fluorine content of the radial bone and the first and third low'er molar 
teeth indicated a definite increase in the deposition of fluorine in these tissues 
on the fluorine rations, but the increased deposition was not proportional to 
intake. 

Roughness, discoloration and abrasion of the teeth wun-e increased markedly 
in the two groups receiving the higher levels of fluorine. 

It was concluded that fused tricalcium phosphate with 0.24 per cent fluorine 
is a safe phosphorus supplement if used with discretion. 

A grain mixture containing 0.02 per cent or more of fluorine was found to 
be unsafe for feeding to dairy cattle. 
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THE NATURE OP REPRODUCTIVE FAILURES IN COWS 
OP LOW FERTILITY* 

T. T. TANABE ahd L. E. CASIDAz 
UniverMy of Wiseonrin, Maditon 

A realization of the importance of the problem of infertility in dairy cattle 
has been accentuated by the rapid growth of artificial breeding. The necessary 
emphasis upon breeding records has made dairymen more aware of the cows 
which are bred repeatedly and fail to conceive. That approximately 50 per cent 
of all artificial inseminations are infertile signifies the magnitude of this economic 
problem. 

This study was designed to determine the incidence of fertilization and of 
early embryonic mortality in “repeat-breeding’’ cows showing no detectable 
genital abnormalities. While an attempt was made to investigate some factors 
associated with infertility in these cows, the major emphasis was given to a con- 
sideration of the nature of the interruptions of the reproductive processes. 

METHODS AND PROCEDURES 

The study was made during the period from November 15, 1947, to April 9, 
1948, at the Badger Breeders Cooperative research farm located near Shawano, 
Wisconsin. A total of 104 repeat-breeding cows, 55 Ilolsteins and 49 Guernseys, 
was assembled from 14 of the 23 northeastern Wisconsin counties served by 
Badger Breeders Cooperative. 

The cows were selected by the staff veterinarians of the Cooperative on the 
following basis: (a) a minimum of four infertile services which would exclude 
approximately 95 per cent of the cows bred (1), (b) a minimum of one calving 
which would exclude congenital abnormalities preventing conception, (c) a 
maximum age limit of 10 years which would exclude infertility resulting from 
senility, (d) a maximum limit of two cows from any one herd which would 
minimize the effect of any particular herd management and environment, (e) 
rejection of cows with gross genital abnormalities detectable by rectal palpation 
which would tend to exclude cows in which fertilization would be mechan- 
ically impossible, (f) exclusion of cows displaying purulent discharges which 
would screen out obvious conditions for which treatment is indicated, (g) nor- 
mal lengths of estrual cycles which would eliminate apparent endocrine dys- 
function, and (h) normal intervals between breedings which would tend to ex- 
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elude infectious diseases such as trichomoniasis. In essence, only those repeat- 
breeding cows were used which appeared “normal'' in all respects at barn 
examination. 

After the cows arrived at the research farm they were checked twice daily 
for estrual behavior; standing for mounting by other cows was the criterion 
used to determine estrus. Due to the shortness of the days, heat checks were 
made at approximately 8; 00 a.m. and 4:00 p.m., or at intervals of 8 and 16 
hours, respectively. With the observation of the onset of estrus at a particular 
check, each animal was inseminated at the time of the next check for heat. To 
standardize the insemination technique one inseminator made the major por- 
tion of the inseminations. The semen was diluted with synthetic pabulum (2) 
at the ratio of 1:30, and the insemination volume kept constant at 1.0 ml. 
diluted semen. The deposition of semen was confined to the second and third 
rings of the cervix. Other than meeting the requirements of using “day-of- 
collection" semen, a random sample of the semen available for field use on that 
day was used. 

The cows then were scheduled to be slaughtered alternately on the third or 
thirty-fourth day after the experimental breeding, except for deviations necessi- 
tated by slaughter facilities. By the third day after breeding fertilization or 
cleavage of the egg is detectable, yet the ova are in the oviducts which facili- 
tates their recovery. Further, fertilized ova recovered at a later stage could 
not be distinguished from fragmenting unfertilized ova with much surety. By 
the 34th day the embryo is of sufficient size to permit gross measurement and 
macroscopic observation for normality. For the cows which were permitted to 
go for 34 days before slaughter, routine palpations were made on the 21st, 24th, 
27th, 30th, and 33rd day after breeding. The object of this series of palpations 
was to detect any quiet ovulations which might occur about the time of an ex- 
pected estrual period. 

The cows which, though scheduled for slaughter on the 34th day, returned 
to estrus were rebred at the time of the next heat check and slaughtered on the 
third day following. From cows slaughtered on the third day after either the 
first or second experimental breeding, the reproductive tract was removed, the 
oviducts severed from the mesosalpinx and flushed with physiological saline 
solution to recover the ova. When ova were recovered, fertilization was deter- 
mined by the presence of two or more blastomeres of equal size, as micro- 
scopically observed at 440 magnifications. In the cows slaughtered on the 34th 
day after experimental breeding, the uterine boms were dissected to determine 
the status of the embryo, if present. 

RESULTS 

One group of cows was intended to contribute- information on the percen- 
tage of breedings resulting in normal embryos on the 34th day. A total of 53 
animals originally was allotted to this group (table 1), but in the end, one was 
eliminated and, as a result, the embryo studies included a maximum of 52 cows. 
The one cow eliminated was found at slaughter to have bilateral tubal obstruc- 
tions which in itself would have prevented fertilization and embryo formation. 
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Of the 53 cows, only 26 actually were slaughtered on the 34th day, since the 
remainder returned to estrus between the 11th and 32nd day after the first ex- 
perimental breeding. Normal embryos were present in only 12 of the 26 cows 
on the 34th day; the crown-rump measurements on these embryos ranged from 
12-17 mm.® Abnormal embryos were present in eight other cows, four with 
embryos normal in size but showing a more or less generalized hemorrhagic? 
condition and the other four with embryos small in size (7-11 mm.) and obviously 
disintegrating. Six cows slaughtered at 34 days had no embryos; two of these 
had pyometra. Of the other four, one had a quiet ovulation between the time 
of breeding and time of slaughter. No sueh occurrence was detected in the 
other cows by palpations of the ovaries on the 21st, 24th, 27th, 30th, and 33rd 
days after experimental breedings. 

A group of 27 cows returned in estrus 11 to 32 days after breeding (table 1), 

TABLE 1 


Cou'tt intended to furnish information on normality of embryo on the $4th day 




Guernsey 


Holstein 


No. 

% 

No. 

% 

Normal embryo 

f) 

20.0 

7 

25.0 

Tlemorrhagic embryo ^ 

2 

8.0 

2 

7.1 

Disintegrating embryo 

2 

8.0 

2 

7.1 

No embryo 

2 

8.0 

2 

7.1 

Pyometra 

1 

4.0 

1 

3.6 

E.strua] recurrence 

(before 34th day) 

13 

52.0 

14« 

50.0 

Total 

25 

100.0 

28 

99.9 


• IncludPH one cow which was pliininated from the atudy of embryo normality at the 34th 
day, because when slaughtered 3 days after the second experimental breeding she was found 
to have bilateral tubal obstructions. 


indicating that the breedings on them resulted in no embryos by 34 days. 
These animals then were experimentally rebred with the intention of their 
yielding information on the rate of fertilization when later slaughtered on the 
third day. 

A second group of 51 cows (table 2) was slaughtered on the third day after 
the first experimental breeding to yield information on the rate of fertilization. 
Obvious causes for the failure of fertilization formed the basis for eliminating 
five of these animals : one failed to ovulate, one had bilateral tubal obstructions, 
and three had unilateral tubal obstructions on the ovulating side. Six other 
cows were eliminated because of a lack of information on fertilization. In three 
of these animals no ova were found, although the animals were free of genital 
abnormalities, and in the other three only empty zona pellucidas, two of which 
contained embedded spermatozoa, were found. Elimination of these latter six 
animals, in effect, charges the lack of fertility information on them to imperfec- 

3 Ackuowiedgement is gratefully made to Dr. S. H. McNutt, of tho Department of Veteri- 
nary Science, for hi« assiatanco in determining the norniality of embryos. 
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tions of the recovery technique rather than to some factor which also affects 
fertilization rate. There remained, then, 40 animals slaughtered on the third 
day after the first experimental breeding that actually furnished fertilization 
information. 

Another group of cows yielding fertilization information was mentioned 
above in connection with the animals intended to furnish information on the 
percentage of embryos at 34 days. These animals were the 27 cows which re- 
turned to estrus before the allotted 34 days and were experimentally bred for 
the second time (table 2). Actually only 19 of these animals furnished infor- 
mation on fertilization rate. Of the remaining eight animals, no ova were re- 
covered from four cows free of genital abnormalities on the ovulating side. 

TABLE 2 


Cows intended to furnish information on fertiUeation rate 




Slaughtered 3 days after : 

Ist exptl. breeding 2nd exptl. breeding 


Fertilization data 

Guernsey 

Ilolstoin 

Guernsey 

Holstein 


No. 

% 

No. 

% 

No. 

% 

No. 

% 

Contributing information : 
Fertilized or unfertilized ova 
No genital abnormality 

20 

83.3 

19 

70.4 

11 

84.6 

8 

57.2 

Unilateral tubal abnormal* 
ity (non*ovulating side) 

0 

0.0 

1 

3.7 

0 

0.0 

0 

0.0 

Contributing no information : 
Empty zona pellucida 

1 

4.2 

2 

7.4 

0 

0.0 

0 

0.0 

No ova recovered: 

No genital abnormality 

2 

8.3 

1 

3.7 

2 

15.4 

1 

7.1 

Unilateral tubal abnormal- 
ity (non-ovulating side) 

0 

0.0 

0 ' 

0.0 

0 

0.0 

1 

7.1 

Unilateral tubal abnormal- 
ity (ovulating side) 

1 

4.2 

2 

' 7.4 

0 

0.0 

1 

7.1 

Bilateral tubal abnormality 

0 

0.0 

1 

3.7 

0 

0.0 

1 

7.1 

Ovulation failure 

. 0 

0.0 

1 

3.7 

0 

0.0 

2 

14.3 

Totals 

24 

100.0 

27 

100.0 

13 

100.0 

14 

99.9 


Ovum recovery was not possible in the other four cows due to a unilateral tubal 
obstruction on the ovulating side in one, bilateral tubal obstructions in another, 
and ovulation failure in two. 

Altogether then, the pregnancy and fertilization studies utilize data on a 
maximum of 52 animals on the 34th day and 59 animals on the third day after 
experimental breeding. Of the 59 animals, the first experimental breeding 
yielded data on 40 cows. The other 19 had previously contributed information on 
the normality of embryos at 34 days and now contributed information on the rate 
of fertilization on the third day after the second experimental breeding. 

In subsequent analyses summary totals which fall short of these two maxi- 
mum totals, 62 and 59, or a grand total of 111, for the 3-day and 34-day post- 
breeding groups, respectively, are due to a lack of collateral information for the 
particular criterion under, consideration. 
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TABLE 3 

Genital Ahnormaliiiea 


Genital Abnormalities 

Guernsey 

Holstein 

No. 

% 

No. 

% 

Absent 

48 

98.0 

45 

81.8 

Present 





Ovulation failure 



3 

5.5 

Tubal obstructions 





Unilateral 

1 

2.0 

5 

9.1 

Bilateral 



o 

3.6 

Totals 

49 

100.0 

55 

100.0 


Genital abnormalities. An attempt was made to exclude cows having gross 
abnormalities from the sample of animals selected for this study. Tubal ob- 
structions not readily palpable appeared, however, in eight of the 104 cows 
slaughtered (table 3). Six of these were unilateral, and two were bilateral, 
and each of sufficient severity to act as a definite barrier to the transport of the 
ovum or sperm through the oviduct. These cases fell in the general cate- 
gories of salpingitis, hydrosalpinx and bursitis. In addition to these presumed 
permanent tubal abnormalities, there were three cases of ovulation failure which 
may be considered as temporary barriers to fertilization. 

Altogether, out of a total of 104 cows, 10.6 per cent were found with genital 
abnormalities. Their distribution between breeds was strikingly unequal. Geni- 
tal abnormalities occurred in 18.2 per cent of the Holsteins, whereas such occur- 
rences were found in only 2.0 per cent of the Guernseys. 

Breeds, Slaughter data on 31 Guernseys and 28 Holsteins (table 4) have 
shown, first, that there are no statistically significant differences between the 
fertilization rates of ova recovered on the third day after the first and the sec- 
ond experimental breedings (60.0 vs. 63.6 for the Guernsey and 70.0 vs. 75.0 
for the Holstein). On this basis, all cows slaughtered on the third day after 
experimental breeding, whether first or second, have been pooled. 

With the division by breeds, the combined rates of fertilization for first and 
second experimental breedings were 61.3 for the Guernsey and 71.4 for the 
Holstein. The percentages of normal embryos at 34 days were 20.0 and 25.9 


TABLE 4 
Breeds 




3 days after: 


.34 days after: 

Breed 

1st exptl. breeding 

2nd exptl. breeding 

Ist exptl. breeding 

Total 

%with 

fertilized 

Total 

% with 
fertilized 

Total 

% with 
normal 


no. cows 

ova 

no. cows 

ova 

no. cows 

embryos 

Guernsey , 

.... 20 

60.0 

11 

63.6 

25 

20.0 

Holstein .... 

20 

70.0 

8 

75.0 

27 

25.9 

Totals . .. 

40 

65.0 

19 

68.4 

52 

23.1 
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for the respective breeds. Statistical significance of the differences between 
breeds could not be established on the present numbers. 

In view of the insignificant differences between the breeds, subsequent anal- 
yses will be made by pooling all cows of both breeds furnishing information at 
the same stage. 

• Bang^s disease. For the 110 cows tested for Bang’s disease the following 
percentages were observed; 71.8 negative, 20.9 positive, and 7.3 suspect. A 
higher incidence of Bang’s disease (positive and suspect reactors) occurred in 
the Holstein breed (37.0) than in the Guernsey breed (19.6). No explanation 
for this difference is apparent. All cases of anatomical genital barriers were 
found in cows which were negative to Bang’s disease. 

Agglutination test information for Bang’s disease was available on 58 cows 
of the 3-day group and on 52 cows of the 34-day group. No difference in the 
fertilization rates was found between the 41 cows of the negative group (65.9) 
and the 17 cows of the positive-suspect group (64.7) . Among the cows slaughtered 
on the 34th day after the experimental breeding the percentage of the 38 cows in 
the negative group having normal embryos was 26.3, and of the 14 in the positive- 
suspect group, 14.3. This difference is not statistically significant. 

Number of previous services. While the minimum number of infertile serv- 
ices specified for the experimental animals was four, the average number per 
cow prior to the experimental breeding was 6.4. The Guernseys averaged 6.8 
with a range of 4 to 11, while the Holsteins had an average of 6.0 with a range 
of 4 to 13. 

The 59 cows of the 3-day group and the 52 cows of the 34-day group were 
pooled and arrayed on the basis of the number of services which each had re- 
ceived previously. Division of these 111 cows into low and high groups, as 
nearly equal in size as possible without splitting the median class, fell between 
six and seven previous services. No significant difference in the fertilization 
rates was found between the 34 cows with four to six previous services and the 
25 cows with seven to thirteen previous services (67.6 vs. 68.0 on the third day). 
The percentage of normal embryos on the 34th day in the 34 cows of the low 
group was 23.5 and in the 18 cows of the high group, 22.2. 

Number of previous calvings. The 107 cows for which reproductive histories 
were available averaged 2.8 previous calvings with an insignificant difference 
between breeds, being 2.9 for the Guernsey and 2.7 for the Holstein. These 
cows were arrayed according to their respective number of calvings and divided 
into a low group (1 and 2 calvings) and a high group (3 to 6 calvings). The 
28 cows with a low number of calvings and slaughtered on the third day showed 
a higher fertilization percentage than did the 28 cows with a high number of 
calvings (75.0 vs. 57.1), but this difference is not statistically significant (P* 
0.2-0.1). Similarly, in the group of cows slaughtered on the 34th day, a higher 
percentage having normal embryos was found in the 25 cows with a low number 
of calvings (32.0) than in the 26 cows with a high number of calvings (15,4). 
This difference of 16.6, again, is not statistically significant (P « 0.3--0.2). 

Herd size. The average size of herd from which the experimental animals 
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originated was 20.6 cows. The Guernsey herds ranged from 3 to 63 cows with 
an average of 20.5, as compared with the Holstein herds which ranged from 
7 to 70 cows with an average of 20.8. Again all the cows were pooled and ar- 
rayed according to the size of herd from which they came. There were 56 
cows from small herds (3-10 cows) and 55 cows from large herds (20-70 cows). 
The fertilization percentage in the 33 cows from small herds was 60.6 and in 
the 26 cows from the large herds, 73.1. This difference of 12.5 per cent is not 
statistically significant (P-0.5-0.3). In the 23 and the 29 cows slaughtered 
on the 34th day from small and large herds, respectively, the percentages with 
normal embryos were 26.1 and 20.7, with a difference of 5.4 which also is insig- 
nificant. 

Herd breeding index. To obtain a more accurate differentiation between 
“problem cows“ from good breeding herds and representative cows from “prob- 
lem herds, “ herd indexes were calculated for the calendar year 1947. These 
indexes were simply the percentages of cows receiving “first services “ for which 
no repeat breedings were required during a minimum period of 3 months. Tht* 
average herd index was 43.3 per cent. Based on their respective herd breeding 
indexes, all cows were arrayed and divided into a low- and a high-index group. 
The low-index group consisted of 56 cows from herds with breeding efficiencies 
ranging from 0.0 to 45.5, while the 55 cows comprising the high-index group 
came from herds wdth breeding efficiencies ranging from 46.2 to 75.0. Twenty- 
nine cows from low index herds had a fertilization rate of 44.8 and thirty cows 
from high index herds, 86.7. This difference of 41.9 is highly significant statis- 
tically (P * 0.01 ). On the other hand, there is no significant difference between 
the percentages of cows having normal embryos at 34 days from the low index 
herds (22.2 on 27 cows) and from the high index herds (24.0 on 25 cows). 

DISCUSSION 

Cows with genital abnormalities detectable by palpation intentionally were 
excluded from this study so that chief emphasis could be given to a determina- 
tion of the relative importance of failure of fertilization and early embryonic 
death. The finding of 7.7 per cent of the animals with tubal abnormalities was 
not expected. Inasmuch as these abnormalities probably are permanent and 
not amenable to treatment, the problem of their diagnosis is particularly im- 
portant so that such cows can be removed from the herd. Rowson (3) has 
outlined procedures for detecting these conditions, which, if applied skillfully, 
should eliminate many such animals. The frequency observed in this study un- 
doubtedly represents only the less readily detectable abnormalities. It will be 
assumed, however, that this frequency can serve as an index of the relative 
frequencies of all grades of the abnormalities in groups of animals under com- 
parison. 

The higher incidence of genital abnormalities in the Holstein breed (18.2 per 
cent) than in the Guernsey breed (2,0 per cent) is surprising in view of the 
generally-recognized lower breeding efficiency of the Guernsey than of the 
Holstein. The fact that no tubal abnormalities were found in cows reacting to 
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the agglutination test for Bang’s disease also is at variance with the idea that 
brucellosis increases the incidence of salpingitis. 

The comparison of different groups can be seen better if estimates of em- 
bryonic degeneration and mortality are available alongside the data on fertili- 
zation rate. These estimates (table 5) are derived from the differences observed 
in the original data between the fertilization rate and the percentage of cows 
with normal embryos at 34 days. This difference, for example, with cows nega- 
tive to the test for Bang’s disease (see above) was 65.9 minus 26.3 or 39.6. 
From this figure then an estimate of the percentage of embryonic death and 

abnormalities at the 34th day, 60.1 100 , is calculated (table 5). 

\65.9 

In practically all artificial breeding associations the Guernsey breed con- 
sistently has maintained a lower breeding efficiency than the Holstein breed. 


TABLE 5 
Group Comparisons 


Comparison 

Fertilization rate 
(%) 

% embryonic death 
and abnormality at 

34 days 

Breed 

(Guernsey vs. Holstein) 

61.3 vs. 71.4 

67.4 vs. 63.7 

Bang ’s Disease 

(Negative vs. Positive- 
Suspect) . . 

65.9 vs. 64.7 

60.1 vs. 77.9 

Number previous services 
(4-6 vs. 7-13) 

67.6 vs. 68.0 

66.2 vs. 67.4 

Number previous calvings 
(1-2 vs. 3-6) 

76.0 vs. 67.1 

57.3 vs. 73.0 

Herd size 

(3-19 vs. 20-70) 

60.6 vs. 73.1 

56.9 vs. 71.7 

Herd breeding index 



(0.0-45.5% vs. 46.2-75.0%) 

44.8 vs. 86.7 

50.4 vs. 72.3 


The differences observed in this study between the breeds fail to explain this 
field condition. The higher rate of fertilization and the lower rate of embryonic 
mortality in the Holstein (table 5) are offset by the higher percentage of genital 
abnormalities noted above. 

The view commonly is held that infection of a herd by Bang’s disease causes 
a reduction in the conception rate. In this study, little difference was found 
between the fertilization rates of the negative group (65.9) and the positive- 
suspect group (64.7). However, a suggestion of a higher rate of embryonic 
mortality in the positive-suspect group (77.9) than in the cows of the negative 
group (60.1) was observed. 

Barrett et al. (1) found a progressively declining rate of pregnancy (as 
diagnosed by manual palpation at 34 to 50 days after breeding) with each addi- 
tional service. Such a trend was not noted in this group of experimental cows. 
In fact, no appreciable differences (table 6) between the fertilization rates or 
between the rates of embryonic mortality were found between the cows with a 
low number of previous services (4-6) and those with a high number of services 
(7-18). The exclusion of cows with genital abnormalities from the present 
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population but not from that studied by Barrett and associates may account for 
the difference in the performance of the two populations. 

The most obvious effects upon both fertilization rate and embryonic mor- 
tality appear to be produced by the three factors: age of cow (number of pre- 
vious calvings), herd size and herd breeding index. The younger animals had 
a higher fertilization rate and at the same time a lower embryonic death rate 
than the older animals (table 5). Cows from the larger herds and from herds 
with higher breeding indexes had the higher fertilization rates. Concurrently, 
however, the same cows had the higher embryonic death rates, which by the 34th 
day left them with no more normal embryos than cows from small herds and 
from herds of low breeding indexes. 

The small number of animals used in this study makes it difficult to study 
the interactions of the various factors upon fertilization rate and embryonic 
death rate. The most interesting finding resulting from attempts at further 
study has been the correlation between age of animal and size of herd from 

TABLE 6 

The nature of reproductive failvree in cows of low fertility 


Failure of ft'rtiUztttion 

Physical barriers absent 


31.0 

Physical barriers present 


8.7 

Bilateral 

1.9 


Unilateral (ovulating side) 

3.9 


Ovulation failure 

2.9 


Embryonic abnormalities or mor- 
tality before 34 days 

Embryos still normal at 34 days 




Total 100.0 

which it came. The larger herds furnished 64.2 per cent of the younger animals 
and the smaller herds furnished 58.9 per cent of the older animals. Other 
factors showed less association among themselves. There is then some confound- 
ing of youngness of animal and largeness of herd. Additional data will be 
necessary for further pursuance of this analysis. 

Cows of low fertility may be divided into three main categories on the basis 
of their reproductive performance during the first 34 days after breeding: (a) 
failure of fertilization, (b) embryonic abnormalities and mortality before 34 
days, and (c) embryos still normal at 34 days (table 6). 

Throughout the major portion of this study the cows showing definite phys- 
ical barriers to fertilization have been excluded. It can be seen from table 3 
that out of 104 cows there were three cases of ovulation failure, two of bilateral 
tubal obstructions and six of unilateral tubal obstructions, but of the last only 
four (table 2) were on the ovulating side. A failure of fertilization in 8.7 per 
cent of the cows would be expected because of physical barriers : 1.9 per cent 
because of bilateral tubal obstructions, 3.9 per cent because of unilateral tubal 
obstructions on the ovulating side and 2.9 per cent because of ovulation failure. 
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Subtraction of the percentage of physical genital barriers (8.7) from all ani- 
mals would leave 91.3 per cent of the animals mechanically capable of fertiliza- 
tion. Since the pooled fertilization percentage for genitally-normal animals of 
both breeds (3 days after the first and second experimental breedings) is 66.1 
(table 4), its complementary percentage for non-fertilization in genitally-normal 
animals is 33.9. In terms of all animals as a whole, this becomes 33.9 x 91.3, 
or 31.0 per cent which fail to conceive although genital barriers are absent 
(table 6), or a combined percentage of 39.7 (31.0 -f 8.7) with and without phys- 
ical obstructions in which there is fertilization failure. 

The percentage of cows having normal embryos at 34 days was 23.1 (table 
4). Again in terms of the whole population of cows, 91.3 x 23.1 or 21.1 is the cal- 
culated percentage with normal embryos at 34 days. 

From the percentage of fertilization failure (39.7) and the percentage of 
cows with normal embryos at 34 days (21.1) the rate of embryonic mortality 
may be derived by subtracting the sum of these two percentages from 100. The 
remainder, 39.2, is an indirect estimate of embryonic abnormalities and mortality 
by the 34th day after breeding. 


SUMMARY 

The study covered 104 cows, 49 Guernsey and 55 Holstein, each of which had 
been bred from 4 to 13 times without conceiving. The percentage of genitally- 
normal cows having fertilized ova when slaughtered at 3 days was 66.1, but at 
34 days the percentage having normal embryos had dropped to 23.1 , for an em- 
bryonic death rate of 65,1. Estimates were made of the effect of the following 
factors on fertilization and embryonic death: (a) breed, (b) Bang’s disease, 
(c) number of previous services, (d) numbeif of previous calvings, (e) herd 
size, and (f) herd breeding index. Appreciable effects upon the fertilization 
rate were noted for the first and the last three factors, and upon embryonic 
death rate for the second and the last three. Visible genital abnormalities were 
found in 10.6 per cent of the cows at the time of slaughter ; these abnormalities 
were not detected by clinical examination. There was a higher occurrence in 
the Holsteins (18.2 per cent) than in the Guernsey (2.0 per cent). The total 
percentage of cows with genital abnormalities, 10.6, included 8.7 per cent in 
which the abnormality constituted a physical barrier to fertilization. Considering 
the group of cows as a whole, including those with genital abnormalities, divi- 
sion may be made into three main categories on the basis of reproductive per- 
formance during the first 34 days after breeding: (a) failure of fertilization, 
39.7 per cent; (b) embryonic abnormalities and mortality before 34 days, 39.2 
per cent; and (c) embryos still normal at 34 days, 21.1 per cent. 
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GROWTH AND PRODUCTION OP INBRED AND OUTBRED 
HOLSTEIN-PRIESIAN CATTLE^ 


W. J. TYLER, 2 A. B. CHAPMAN, AND G. E. DICKERSONS 
UmvefHiiy of Wisconsin t Madison 

One of the greatest limitations to genetic improvement of our livestock for 
economically important characters is the relative inaccuracy in evaluating the 
individual animaUs transmitting ability. The most complete information on the 
genetics of the sire or dam, if they are not inbred, supplies limited evidence of the 
breeding worth of an individual offspring. The individuaUs own appearance or 
performance may supply more information on its transmitting ability, but this 
also usually is far from an accurate guide. 

On theoretical grounds, selection alone generally should improve the average 
desirability but have little effect on the uniformity of the offspring. Inbreeding 
alone has been found to cause individuals to breed more nearly true for good and 
poor inheritance alike. This means that there is less genetic variation in esti- 
mates of transmitting ability. Hence, selection combined with inbreeding should 
be a means of producing animals which transmit desirable traits more uniformly 
than would selected or unselected outbred individuals. 

The rate of inbreeding whi(!h can be practiced without danger of deterioration 
depcmls on the degree of dominance (including overdominance), the real merit 
of the foundation stock and the heritabilities and. intensities of selection for the 
desired traits. The possibilities and limitations of selection and inbreeding as a 
method for the improvement of dairy cattle could be determined by a carefully 
planned selection and inbreeding program with the best foundation stocks avail- 
able. Until this is done systematically, some evidence can be secured from herds 
in which inbreeding has been practiced and in which there are enough non-inbred 
control data to warrant conclusions. 

Data of this kind are presented in this paper for Holstein-Friesian cattle in 
three unrelated herds. Comparisons are made between non-inbred cattle and 
inbreds of different degrees of inbreeding on body dimensions at 6 months of age, 
18 months of age and at maturity. Similar data also are presented on milk and 
butterfat production and butterfat test. 

REVIEW OF LITERATURE 

An inbreeding experiment with Jersey cattle, started by Regan at New Jersey 
and then moved to California, had as its objective the development of bulls pre- 
potent for high production. It was reported in 1944 (1) that out of 50 bulls 
that had progeny tests, only four failed to raise the production of their daughters 
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over dams. The average increase in butterf at production of daughters over dams 
was 88 lb. During the course of the inbreeding experiment, several heritable 
defects have been reported (7, 8, 10, 11, 12, 15, 16). 

Baker et ah (2) studied the growth curves of inbred and outbred daughters of 
one Holstein-Friesian bull and found significant decreases in height at withers, 
weight and heart girth with increases in the coefficient of inbreeding. 

Bartlett et ah (3, 4, 5, 9) attempted to establish a herd of Holstein-Friesian 
cattle possessing genetic factors for high milk production and high fat test. 
Four sires and 45 high-producing cows were selected as foundation animals, but 
only one of the four sires withstood the inbreeding tests. The descendants of this 
one sire were inbred up to 20 per cent (Wright’s (21) coefficient). They did not 
differ significantly in body weight or body dimensions at any stage from birth to 
maturity. Females inbred more than 20 per cent were smaller at maturity than 
the outbreds used as controls. The average milk and butterfat production of the 
outbred daughters of four sires was significantly larger than that of the inbreds, 
but the average fat tests for the two groups were about the same. 

Starting with cows of average production, Woodward and Graves (20) used 
inbreeding to determine whether a good dairy herd could be developed from an 
ordinary one by the use of only one foundation sire. Grade cows were bred 
either to a purebred Guernsey or purebred Holstein-Friesian bull, and the 
daughters bred back to their sires for successive generations. They found that 
intense inbreeding (25 to 50) resulted in lighter birth weights and a reduction in 
mature weights. A few inbred Guernseys were deformed at birth and the 
average mortality of the calves after birth was greater among the inbreds. The 
effects on production of inbreeding and breed differences were confused in these 
data. 

Plum (13) found a negative intra-sire correlation between inbreeding and 
butterfat production in one Jersey herd in which the inbreeding ranged from 
0 to 22 per cent. 

Tyler et ah (19) found an average intra-sire decline of 0.28 lb. in birth weight 
for each increase of 1 per cent inbreeding in data from three unrelated herds. 

experimental PROCEDURE 

The data were collected from 1937-1945 on the Holstein-Friesian cattle of the 
three herds described in a previous paper (19). 

Body dimensions were taken at approximately 6 and 18 months of age, and 1 
month following each calving. Only females were measured at ages beyond 6 
months. The dimensions taken were height at withers, circumference of shin 
bone, heart girth and width at hips. The measurements that were taken after 
each calving were adjusted to a 60-months-of*age basis. 

The monthly milk weights and fat tests were taken directly from the D.H.I.A. 
herd books, and the summation of the first ten testing-day values multiplied by 
80.5 was used to estimate 305 days’ production (18). All production records 
were standardized to a mature equivalent, twice-a-day milking, 305-day basis. 

The suggested breeding plan in each herd was to mate the herd sires to their 
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TABLE 1 

Meajis of the "body dimensions of inbred and outbred males at 6 months of age 


Dimension 



No. of “■ 
animals 

Height 

at 

withers 

Circum- 
ference 
shin bone 

Heart 

girth 

Width 
at hips 



(cm) 

(cm) 

(cm) 

(cm) 

Inbreds 






6 to 11 

30 

104 

14.2 

324 

29.9 

12 to 17 

35 

104 

14.0 

123 

29.7 

18 to 23 

7 

105 

34.2 

122 

30.1 

24 to 29 . 

30 

101 

13.8 

339 

29.4 

.30 to 37 

1 

105 

14.5 

125 

32.5 

All inbreds 

43 

103 

34.1 

322 

29.8 

Outbreds 

17 

104 

13.9 

123 

30.1 


daughters or close collateral relatives as a test of their actual breeding worth, and 
during the same i)eriod mate them to unrelated cows to produce offspring or 
control animals by the same sire. The inbreeding i)ercentages were calculated 
by Wright’s method, and during the period of investigation these inbreeding per- 
centages varied from 0 to 37. For comparative purposes animals whose inbreeding 
percentages were less than six were classified as outbreds. Individuals whose 
inbreeding jicrcentages were six or larger were designated as inbreds. 

RESULTS 

Dimensions at 6 months of age. There were 60 males and 193 female calves 
that were measured at approximately 6 months of age. The number of calves 
and the means of the four body dimensions for the outbred and inbred groups are 
given for males in table 1 and for females in table 2. The inbred animals were 
divided into five groups on the basis of the size of their inbreeding percentages. 
The figures in tables 1 and 2 suggest that, with the exception of the circumference 
of shin bone measurement for male calves, the average inbred was slightly smaller 
than the average outbred individual. 

In order to remove any bias that sire, dam and herd may have had on these 

TABLE 2 

Means of body dimensions of inbred and outbred females at 6 months of age 


Dimension 



No. of 
animals 

Height 

at 

withers 

Circum- 
ference 
shin bone 

Heart 

girth 

Width 
at hips 



(cm) 

(cm) 

(cm) 

(cm) 

Inbreds 






6 to 11 

.... 39 

100 

33.1 

119 

29.4 

12 to 17 

43 

102 

13.2 

120 

30.1 

18 to 28 

18 

101 

13.0 

119 

29.5 

24 to 20 

12 

300 

13.0 

119 

30.0 

30 to 87 

5 

101 

13.3 

118 

29.5 

AU inbredB . .. 

117 

101 

13.1 

119 

29.7 

Ontbnda 

76 

102 

13.4 

122 

30.5 
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TABLE 3 

Jnira-sire correlations and partial regression coeffioients (holding mature hody dimension 
of dam constant) between body dimensions of male and female 
calves at 6 months of age and inbreeding 


Dimension 


Males 



Females 


Degrees 

of 

freedom 

Corre- 
lation 
between 
dimen- 
sion and 
inbreed- 
ing 

Partial 
regres- 
sion of 
dimen- 
sion on 
inbreed- 
ing 

Degrees 

of 

freedom 

Corre- 
lation 
between 
dimen- 
sion and 
inbreed- 
ing 

Partial 
regres- 
sion of 
dimen- 
sion on 
inbreed- 
ing 

Height at withers 

65 

-0.138 

-0.056 

180 

0.084 

0.046 

Circum. of sbin bone 

65 

-0.078 

-0.002 

180 

-0.016 


Heart girth 

65 


-0.148 

180 

-0 003 

-0 002 

Width at hips 

65 

-0.093 

-0.017 

180 

-0.019 

0.005 


average values, the influence of inbreeding on each body dimension was measured 
by the within-sire partial regression of dimension on inbreeding, holding the same 
mature dimension of the dam constant. The correlation and partial regression 
coefficients for each dimension are given separately for each sex in table 3. The 
partial regression coefficients for the males were negative, but small and not 
statistically significant. In the case of the heifer calves, the small negative and 
positive within-sire partial regression coefficients were not significant. Hence, 
inbreeding was not demonstrated to have influenced the size of male and heifer 
calves at 6 months of age by these data. 

Dimensions ai 18 months of age, A total of 152 females were measured at 
18 months of age. Sixty-four of these heifers were outbred. The inbreeding 
percentages on the other 88 animals ranged from 6 to 34 with an average of 14. 
The number of heifers and the means of the four body dimensions at 18 months 
of age are given for the outbred and inbred heifers in table 4. The average 
dimensions of all inbreds were the same as those for the outbreds. The within- 
sire partial regression coefficients of each dimension on inbreeding, holding con- 
stant the same dimension of the dam at maturity, were calculated and are given 


TABLE 4 

Means of the body dimensions of inbred and outbred females ai 18 months of age 


Dimeiuiioii 


No.ot 


Height Circum- 

at ferenee 

withers shin bone 


Heart 

girth 


Width 
at hips 




(cm) 

(«*») 

(em) 

(cm) 

Inbreds 






6 to 11 

27 

126 

17.0 

169 

44.6 

12 to 17 

36 

126 

16.9 

169 

45.1 

18 to 23 

17 

126 

16.7 

169 

44.9 

24 to 29 

6 

122 

17.1 

163 

44.0 

30 to 34 

3 

126 

17,0 

165 

45.3 

All inbreds 

88 

126 

16.9 

168 

44.9 

Ontbreds 

64 

125 

16.9 

168 

44.9 
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TABLE 5 

Intra'Sire correlations and partial regression coefficients (holding mature body dimension 
of dam constant) between body dimensions of heifers 
at 18 months of age and inbreeding 


Dimension 

Degrees 

of 

freedom 

Correlation 

between 

dimension 

and 

inbreeding 

Partial 

regression 

of 

dimension 

on 

inbreeding 

Height at withers , 

141 

0.048 

0 007 

Circumference of shin bone 

141 

0 021 

0.002 

Heart girth , . 

141 

-0.167» 

-0.106* 

Width at hips 

141 

-0.012 



•P< .05. 


in table 5. The partial regression of heart girth on inbreeding was significant 
and negative, but the other regressions were not significant. The reduction in 
heart girth amounted to about 1 cm. or about 20 lb. in body weight for an increase 
of 10 per cent in inbreeding. 

Dimensions at maturity. The average of the four dimensions for the 56 in- 
bred and 55 outbred cows that were measured after one or more calvings are given 
in table 6. The inbreds were smaller on the average than the outbreds in circum- 
ference of shin bone, heart girth and width at hip measurements. The correla- 
tions and partial regressions of dimensions on inbreeding, holding dam *8 mature 
dimension constant, are shown in table 7. The within-sire regression coefficients 
are negative, but not statistically significant. 

Production records. Milk and butterfat production records were available 
on 47 outbred and 42 inbred daughters of 5 sires. The average milk and butter- 
fat production and butterfat test for outbred and inbred daughters by each sire 
and the partial regression of production and test on inbreeding, holding corre- 
sponding performance of the dam constant, are given in tables 8, 9 and 10. 

The outbred daughters produced more milk than their inbred half-sisters in 
four out of five sire groups. The partial regressions were significant for one of 

TABLE 6 

Means of the body dimensions of inbred and outbred females at maturity 


Dimension 



No. of " 
animals 

Height 

at 

withers 

Circum- 
ference 
shin bone 

Heart 

girth 

Width 
at hips 



(cm) 

(cm) 

(om) 

(om) 

Inbreds 






6 to H 

16 

136 

17.5 

190 

57.2 

12 to 17 . 

19 

137 

17.1 

189 

56 5 

18 to 28 

13 

139 

17.3 

186 

56.1 

24 to 29 . ... 

7 

134 

37.8 

191 

56.8 

80 to 84 

1 

138 

18.7 

201 

61.6 

AH inbre ti .. 

56 

137 

17.4 

189 

56.8 

Otttbredi 

55 

136 

17.9 

193 

57.8 
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TABLE 7 

Intra-iife correlations and partial regression ooeffloients (holding mature body 
dimension of dam constant) between body dimensions 
at maturity and inbreeding 


Dimension 


Degrees 

of 

freedom 

Correlation 

between 

dimension 

and 

inbreeding 


Partial 

regression 

of 

dimension 

on 

inbreeding 

Height at withers 

Circumference of shin bone 

Heart girth . 

Width at hips 



104 

104 

104 

103 

0.013 
- 0.067 
-0.085 
-0.175 


- 0.003 
-0.011 
-0.082 
-0.026 



TABLE 8 




Number and mean millc production of outbred and inbred daughters and their dams by sires, 
and the partial regressions {holding milk production of the dams constant) of milk 
production on inbreeding (mature equivalent, twice^a-day, 305 day records) 

Outbred 


Inbred 


Partial 

No. Daughter 

daughters av. 

Dam 

av. 

No ^ 

daughier.^- 

Daughter 

av. 

Dam 

av. 

regression 

BP on 
inbreeding 

(lb,) 

1 4 15,394 

2 5 12,368 

3 4 12,739 

4 31 11,447 

6' 3 10,988 

{lb.) 

13,818 

12,637 

11,606 

12,066 

10,882 

13 16 

15 9 

4 11 

6 24 

4 12 

{lb.) 

12,685 

32,132 

11,128 

10,306 

11,068 

{lb.) 

13,486 

13,116 

11,444 

10,188 

11,969 

- 149.2« 

- 93.0 
-154.6 

- 51.0 

12.9 

Total 47 


14 



- 73.8b 

» P > 0.01 < 0.08. 
I>P<0.01. 


TABLE 9 




Number and mean buiterfat production of outbred and inbred daughters and their dams 
by sires, and the partial regression (holding dams* butterfat production 
constant) of butterfat production (BF) on inbreeding (mature 
equivalent, twice-a-day, S05-day records) 

Outbred 


Inbred 


Partial regres- 
sion BF on 
inbreeding 

No. Daughter 

daughters av. 

Dam 

av. 

No ^ 

inbreed- 

daughters 

Daughter 

av. 

Dam 

av. 

{lb.) 

1 4 518 

2 5 496 

3 4 432 

4 31 381 

5 3 386 

(lb,) 

485 

484 

383 

405 

371 

13 16 

15 9 

4 11 

6 24 

4 12 

{lb.) 

446 

512 

372 

338 

382 

{lb.) 

471 

459 

378 

363 

377 

-6.81« 

-0.66 

-6.22 

-1.82 

-0.30 

Total 47 


42 14 



-2.32b 


• P> 0.01 <0.05. 
to P < 0,01. 
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the sires, while the average decline (within-sire) for all sires was 74 lb. of milk 
for each 1 per cent increase in inbreeding. The average regression coefficient was 
highly significant. 

The average butterfat production of the outbreds was greater than that of the 
inbreds for four of the five sires, but the partial regressions were significant for 
only one sire (table 9). The average regression within-sire was significant and 
amounted to 2.3 lb. decrease for every 1 per cent increase in inbreeding. The 
average butterfat production for the inbred daughters of sire 2 was 16 lb. more 
than the outbreds. This superiority was caused by the high fat production of the 
slightly inbred (6 per cent) daughters. However, the more highly inbred cows 
were lower producers which led to the negative regression for this group of 20 
daughters. 

TABLE 10 


Number and average fat percentage of outbred and inbred daughters and their dams by 
sires and the partial regressions (holding dams* fat percentage constant) 
of fat percentage on inbreeding 




Outbred 




Inbred 


Partial regres- 
sion fat test on 
inbreeding 

Sire 

No. 

daughters 

Daughter 

av. 

Dam No. 

av. daughters 

Av.% 

inbreed 

ing 

Daughter 

av. 

Dam 

av. 



(%) 

%) 



(%) 

(%) 


] 

4 

3.36 

3.51 

13 

16 

3.52 

3.49 


2 

5 

4.01 

3.83 

15 

9 

4.22 


0.014 

3 

4 

3.39 

3.30 

4 

11 

3.34 

3.30 


4 

31 

3.33 

3.36 

6 

24 

3.28 

3.56 


5 

3 

3,51 

3.41 

4 

12 

3.45 

3.15 


Totfil 

47 



42 

14 



0.0053 


• P> 0.01 <0.05. 


The mean fat test of the outbreds was higher in 3 out of the 5 daughter groups 
(table 10). The increase, however, was significant for only one sire. The aver- 
age regression of fat test on inbreeding was positive but not statistically signifi- 
cant. 

DISCUSSION 

The body size of the inbred Holstein-Friesian cattle in the three herds studied 
was slightly less than the size of outbred animals in the same herds at ages of 6 
months, 18 months and maturity when the records were adjusted to a standard 
mature size of their dams. 

The infiuence of inbreeding on birth weights of animals in these three herds 
had been found previously to be significant and amounted to a decrease of 2.3 lb. 
for a 10 per cent increase in the coefficient of inbreeding (19). The lack of 
evidence of an inbreeding effect at 6 months of age may have been due to the small 
numbers, the low degree of inbreeding in most comparisons, the differential culling 
between inbreds and outbreds or, of course, an absence of an inbreeding depression 
in some of these progeny groups. Selection does not appear to have been a factor, 
however. For example, there was no evidence that the difference between the 
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birth weights of inbred culls and inbred non-culls was any larger than the differ- 
ence between the birth weights of outbred culls and outbred non-culls. However, 
the percentages of culling for inbred and outbred groups of males were 61 and 40, 
respectively. For the female groups the percentages were 31 and 24. This may 
mean that differential culling between inbreds and outbreds, as far as dimensions 
at older ages are concerned, has occurred even though it is not apparent from the 
birth weights of culls and non-culls. 

The inbred and outbred cattle, in general, were similar in body size at the 
various ages to the ‘^normal” size of Holstein-Friesian animals as given by Rags- 
dale's (14) tables for height at withers, circumference of chest (heart girth in this 
study) and width at hips. The exceptions to the normal were : (a) Both inbred 
and outbred male calves and inbred female calves at 6 months of age were about 
4 per cent smaller in heart girth, (b) The inbred and outbred heifers at 18 
months of age were approximately 2 per cent larger in heart girth, (c) At ma- 
turity the inbred cows average 2 per cent narrower at the hips and 3 per cent 
smaller in heart girth measurement than the normal animal. 

The results gave no evidence of an effect of inbreeding on butterfat test but did 
indicate that the milk and butterfat production of the inbred cows was signifi- 
cantly lower than the production of the outbred cows by the same sires. On the 
basis of these results, the average rate of decline of butterfat production in these 
cows was sufficiently low so that with moderate inbreeding (6 per cent per genera- 
tion) the decrease in production should be 14 lb. of butterfat per generation. The 
standard deviation of butterfat in these cows is about 80 lb., and if heritability 
is 0.2, the parents would need to average 14 -(80 x 0.2)» 0.87 of a standard devia- 
tion above the group average to counteract this inbreeding depression. Produc- 
tion can be measured only in the female, and culling among cows based on their 
own records has limited possibilities (17). This means that bulls and heifers 
saved for breeding would need to come from dams averaging 14-r(80x0.1) or 
2 X 0.87 « 1.74 standard deviations above the average or from the best fifth to 
tenth of the cows. It would be impossible to do this even if selection of bulls and 
heifers were based entirely on production records, which it cannot be. A more 
realistic intensity of inbreeding that could be offset by selection would be about 3 
per cent per generation. However, there was considerable variation between 
sires in the effect of inbreeding on production, presumably because of the level of 
transmitting ability of the sire relative to the average of the unrelated dams to 
which he was mated. Thus, by linebreeding to the superior sires, linebred fami- 
lies of increased uniformity of transmitting ability probably could be produced 
without much loss of production. 


BUMHABT 

Growth and production data of inbred and outbred progeny of Holstein- 
Friesian sires in three Wisconsin State Department of Public Welfare herds were 
collected and analyzed to determine the effect of inbreeding on body dimensions 
(height at withers, circumference of shin bone, heart girth and width of hips) 
at 6 and 18 months of age and at maturity and on milk and butterfat production 
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and butterfat test. The average intra-sire partial regression (holding matnre 
size of dam constant) of dimension on inbreeding was used to measure this effect. 
The partial regression of dimensions on inbreeding was essentially zero, except 
for heart girth at 18 months and maturity, which was significant only at 18 months. 
Intra-sire partial regressions (holding dam’s record copstant) of milk and butter- 
fat production of 42 inbred and 47 outbred cows on inbreeding were significant 
and amounted to an average decrease of 74 lb. of milk and 2.3 lb. of butterfat for 
each 1 per cent increase in inbreeding. No evidence of an effect of inbreeding on 
butterfat percentage was indicated. 

Considerable variation was found in the partial regression coefficients of sires, 
indicating that offspring of some sires could be inbred without any apparent de- 
crease in body size or production, possibly in part because the beneficial effect of 
increasing the relationship to a sire transmitting a superior level of production 
tends to offset detrimental effects of inbreeding to him. 
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A STUDY OP FEEDING LOW LEVELS OP THYROPROTEIN TO 
DAIRY COWS FOR A PERIOD OP PIFTY-TWO WEEKS^'* 

R. G. SWANSON and C. B. KNODT 
Pennsylvania Agricultural Experiment Station, State College 

Considerable research has been conducted in efforts to determine the value 
of synthetic thyroproteins in the rations of dairy cows (1, 2, 3, 4, 6, 7, 9, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28, 29). In the majority of these 
reports, it appears that with the levels of thyroprotein fed there were losses in 
body weight, increases in heart and respiration rates, increases in bodj’’ temperature 
and irregular responses in milk and milk fat production. 

As a result of the previous review of available literature, it appeared to be 
desirable to conduct experiments for a minimum of 1 year using somewhat lower 
levels of thyroprotein feeding than those reported previously. The effects upon 
milk and milk fat production, as well as upon body freights, body temperatures, 
heart rates, respiration rates and breeding efficiency, were observed and are pre- 
sented in this report. 

EXPERIMENTAL PROCEDURE 
% 

Two trials were conducted to determine the effects of feeding levels of 0.625, 
1.25 and 5.0 g. of iodinated casein daily to cows for a period of 52 weeks. Two 
separate experiments were conducted under somewhat different feeding condi- 
tions and the results are presented in this report. 

Trial /. Pour groups of three Holstein cows each were selected so as to be 
comparable in age, stage of lactation, stage of gestation, body weight and milk 
production. The four groups were assigned at random to the three levels of 
thyroprotein as well as to a control group. All cows in this trial were maintained 
at a T.D.N. intake of 125 per cent of Morrison's (10) recommended standards for 
good cows under usual conditions. The rates of feeding were recalculated every 
2 weeks on the basis of body weight and milk and milk fat production during the 
previous 3 days. The cows were milked twice daily and their production recorded 
for each milking. The percentage of milk fat was determined once each month 
by the Babcock method. Body weights were checked every 2 weeks and rectal 
temperatures every 3 months. A stethoscope was used to check the heart rates 
every 3 months. Management conditions were controlled as carefully as possible 
so as to be similar for all cows on the trial. 

Trial 11, Pour groups of eight cows, each including the Ayrshire, Brown 
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Swiss and Guernsey breeds, were selected and assigned at random to the same 
levels of thyroprotein with a control group as in trial I. All cows in this trial 
were maintained at a T.D.N. intake of 110 per cent of Morrison's (10) recom- 
mended standards for good cows under usual conditions. As in trial I, the rates 
of feeding were recalculated every 2 weeks on the basis of body weight and milk 
and milk fat production during the previous 3 days. The cows were milked 
three times per day, and milk weights were recorded at each milking. Pat tests 
were determined at 10-day intervals during the trials and for 8 days before and 
after the withdrawal of thyroprotein from the ration. Body weights were 
checked every 2 weeks and rectal temperatures were taken every month. Heart 
and respiration rates also were checked once a month with a stethoscope. Man- 
agement conditions were controlled carefully so as not to be a variable in the 
experiment. All milk records in both trials were converted to a 4 per cent fat- 
corrected milk, mature equivalent basis (5, 8). All data were analyzed according 
to the methods of Snedecor (23) wherever applicable. 


EXPERIMENTAL RESULTS 

Trial I. When milk production of the groups receiving thyroprotein was 
compared to the control group, no statistically significant differences were ob- 
served. There was considerable variation between cows within groups. In table 
1 are presented the average total milk production and the average number of days 


TABLE 1 

Mean total milk production^ trial I 


Thyroprotein fed 

Milk 

Milk fat 

Days in milk 

(ffO 


(%) 


0 (control) 


3.76 

328 



3.71 

305 



4.04 

309 


HBSi&Hii 

4.09 

300 


• Expressed as 4 per cent F.C.M., M.E. 


milked during the feeding trial. 

The analysis of variance of the data relative to the milk production of the 
cows in trial I is presented in table 2. While there apparently were differences 


TABLE 2 

Analyeia of varianee of mUk production of cows in trial I 


Source of yariation 


Begreee of Sum of 

freedom squares 


Total 

143 

Ck)W8 

2 

Months 

11 

Treatments 

3 

CxM 

22 

CxT 

6 

TxM 

33 

Remainder 

66 


68,522,262 

727,489 

18,616,342 

771,770 

8,291,638 

10,027,368 

6,209,044 

23,878,611 


Mean 

square 


363,745 

1,692,395s 

257,257 

376,893 

1,671,228» 

188,152 

361,797 


t = Significant at 1 per cent level. 




FEEDING LOW LEVELS OP THYBOPROTEIN TO CATTLE 


259 


TABLE 3 

Mean body weights in trial I 


Thyroprotein fed 

Initial 

Final 

Mean gain 

(g./day) 

(lb.) 

(lb.) 

(lb.) 

0 (control) 

1,418 

1,608 

190 

0.625 

1,334 

1,509 

175 

1.25 

1,247 

1,388 

141 

5.0 

1,395 

1,522 

127 


in the fat content of the milk produced by the various groups, when the pro- 
duction was converted to 4 per cent fat-corrected milk these differences were not 
significant. 

All cows in this trial gained in body weight during the experiment. The 
average group weights and gains are presented in table 3. The differences in the 
average group gains are not statistically significant, but a trend appears, since 
the group receiving the most thyroprotein gained the least and the control group 
gained the most. The analysis of variance of the data relative to the effects upon 
body weight in trial I are presented in table 4. 


TABLE 4 

Analysis of variance of body weights in trial I 


Source of variation 

Degrees of 

freedom 

Sum of 
squares 

Mean 

square 

Total .... .... 

323 

5,802,954 


Periods 

26 

770,528 

29,636* 

Cows 

2 

30,982 

15.491 

Treatments 

3 

1,248,055 

416'018 

Treatments x Cows 

6 

2,026,303 

337,717* 

Treatments x Periods 

78 

188,560 

2,417 

Cows x Periods 

52 

396,785 

7,630 

Sampling error . . 

156 

1,141,741 

7,319 


• = Significant at 1 per cent leveL 


While there was a highly significant difference in the body weights of the cows 
during the different periods, the differences between cows and between treatments 
were not statistically significant. The interaction of treatments and cows was 
highly significant. 

Body temperatures, heart rates and respiration rates of the cows in this trial, 
as presented in table 5, showed no significant increases or changes when compared 

TABLE 5 

The effect of thyroprotein feeding upon body temperature, heart rate, 
and respiration rate in trial I 


Thyroprotein fed Temperiture 


Heart Bespiration 

rate rate 


lg-/day) 

(•F.) 

(min.) 

(min.) 

0 (control) 

101.6 

66.8 

23.3 

0.625 

101.7 

65.7 

24.1 

1.26 

101.8 

65.3 

24.9 

5.0 

101.6 

65.1 

23.8 
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TABLE 6 

Mean total mUk produetioft^ in trial ll 


Thyroprotein fed 

Milk 

Milk fat 

Days dry 

{g./dtay) 

(16.) 

(%) 


0 (control) 

9,876 

4.3 

77 

0.625 

12,564 

4.4 

46 

1.25 

11,461 

4.3 

61 

5.0 

10,586 

4.4 

59 


• Expressed as 4 per eent F.C.M., M.E. 


with the control cows. There was no indication that the amounts of thyroprotein 
fed had any adverse effect on breeding efficiency. 

Trial IL Although there was some differences in the average total milk pro- 
duction (table 6) between the groups receiving thyroprotein and the control 
group, an analysis of variance (table 7) showed these differences to be non- 

TABLE 7 

Analyeia of variance of milk production of cows in trial 11 


Source of variation 

Degrees 
of freedom 

Sum of 
squares 

Mean 

square 

Total . 

Cows 

383 

7 

91,616,562 

1,522,412 

217,487 

Treatments 

3 

2,444,977 

814,992 

Months 

11 

16,886,612 

1,535, 146« 

CxT 

21 

6,922,541 

329,644i> 

CxM 

77 

18,960,403 

246,239»» 

TxM 

33 

2,719,377 

42,160,240 

82,405 

Sampling error 

231 

182,511 


• = Significant at 1 per cent level, 
b = Signifioant at 5 per cent level. 


significant statistically. Some of the variation between groups can be accounted 
for by the differences in the length of dry periods (table 6). 

On the basis of the mean per cent of milk fat, there was no effect of feeding 
these levels of thyroprotein upon the fat content of the milk produced. There 
were no significant differences between cows relative to milk production in trial II. 

In table 8 are presented data relative to the milk production of five cows of the 

TABLE 8 

Average milk production of comparable groups of 6 cows from each group during 
first 4 months of thyroprotein feeding in trial /7« 


Thyroprotein fed 

Av. production 

10 d. prior to 
start 

Av. total 
production 
(4 mo.) 

Av. production 

10 d. prior 
to end 

(g*/day) 

{lb.) 

(lb,) 

(lb.) 

0 (control) 

44.6 

4,682 

34.1 

0.625 

45.5 

5,540 

44.6 

1.26 

43.8 

5,084 

38.6 

50 

43.4 

5,241 

43.2 


•= Expressed as 4 per cent F.C.M. 
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TABLE 9 

Analysis of variance of data of 4 months milk production at beginning of trial 

Source of variation 

Degrees 
of freedom 

Sum of 
squares 

Mean 

square 

Total 

Bays . .. . 

239 

11 

2,320,113 

27,298 

1,216,734 

2,482* 

Cows 

4 

304,183* 

Treatments . , 

3 

128,429 

42,809 

TxC 

12 

691,029 

35,329 

57,6861^ 

TxD ... 

33 

1,071 

CxD . 

44 

49,469 

1,124 

1,302 

Sampling error . 

132 

171,825 


• = Significant at 5 per cent level. 
» = Significant at 1 per cent level. 


various groups during the first 4 months of trial II. These cows were selected 
solely on the basis of obtaining groups which were comparable in milk production, 
stage of lactation, stage of gestation and age. On the basis of the mean data it 
would appear that some stimulation of milk production occurred as a result of 
thyroprotein feeding. However, an analysis of variance (table 9) of the data 
proved the differences to be non>significant statistically. 

Near the conclusion of the 52-week feeding period, cows in the same stage of 

TABLE 10 

Comparison of production during the $5 days preceding and following 
withdrawal of thyroprotein from the ration 


Thyroprotein fed 


Mean decline in production 
per cow* 


(g./day) (lb.) 

0 (control) 31 

0.625 66 

1.25 42 

5.0 152 


• Expressed as lb. 4 per cent F.C.M., M.E. daring the SS^day period. 

lactation were selected from each group and compared for 35 days before and 
after the withdrawal of thyroprotein from the ration. The results of this study 
(table 10) indicate that there may have been some stimulation to milk production 
as a result of thyroprotein feeding. When thyroprotein was withdrawn from the 
ration there was no decline in the per cent of milk fat. This seems to indicate 
that, at these levels of intake, thyroprotein did not increase the percentage of milk 
fat. 

TABLE 11 

Mean body weights in trial II 


Thyroprotein fed Initial Final Mean gain 


(g^/day) 

(lb.) 

(lb.) 

(lb,) 

0 (control) 

1,140 

1,285 

145 

0.625 

1,130 

1,230 

100 

L25 

1,180 

1,240 

60 

5.0 

1,155 

1,235 

80 
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TABLE 12 


Analysis of variance of body weights in trial II 

Source of variation 

Degrees 
of freedom 

Sum of 
squares 

Mean 

square 

Total . . 


831 

30,940,085 


Weeks . . 

. 

25 

1,159,127 

46,365ft 

Cows 



7 

17,828,390 

2,546,914 

Treatments 


3 

79,099 

26,366 

TxC 



21 

9,845,110 

468,815ft 

TxW 



75 

109,643 

1,461 

CxW 

,,, , ^ 

176 

715,418 

4,088ft 

Sampling error 


525 

1,203,292 

2,292 


ft = Significant at 1 per cent level. 


All COWS in trial II gained in weight during the experiment (table 11). 
Analysis of variance (table 12) of body weights showed that there were no sig- 
nificant differences between treatments. The interaction of treatments and cows 
was highly significant, indicating that individual cows responded differently in 
weight gains to thyroprotein feeding 

In trial II the body temperatures, heart rates and respiration rates were 
checked once each month. Body temperatures varied considerably from month to 
month but not between treatments. Heart and respiration rates of the cows 
receiving thyroprotein were not significantly different from those in the control 


TABLE 13 

Mean “body temperature, heart and respiration rate (trial II) 


Thyroprotein fed 

Body 

temperature 

Heart rate 

Bespiratlon 

rate 

(g./day) 

(• p.) 

(min.) 

(min.) 

0 (control) 

101.6 

74 

32 

0.625 

101.6 

76 

33 

1.25 

101.5 

76 

31 

5.0 

101.6 

76 

32 


group ; however, individual cows showed variations in response as indicated by a 
highly significant interaction between treatments and cows. The groups as a 
whole, however, did not exhibit these differences (table 13). 

In trial II, as in trial I, no indication of lowered breeding efiSciency could be 
observed due to thyroprotein feeding. 

SUMMARY 

Thyroprotein in the form of iodinated casein fed at levels of 0.625, 1.25 and 
5.0 g. daily to dairy cows with a T,D.N. intake of 125 per cent of Morrison's 
standards for good cows imder usual conditions (10) produced no significant 
stimulation of milk production, milk fat production, heart rates, respiration rates 
or body temperatures. Gains in body weight and breeding efficiencies were not 
affected signiflcantly. 

These same levels of thyroprotein feeding accompanied by a T.D.N. intake of 
110 per cent of Morrison’s standards for good cows under usual conations (10) 
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produced increases in milk production which approached statistical significance. 
Milk production appeared to decline when thyroprotein was withdrawn from the 
ration. Mean milk fat percentage, body weights, heart rates, respiration rates, 
body temperatures and breeding efficiencies were not affected significantly by 
these levels of thyroprotein administration. 
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FACTORS MODIFYING THE EXCRETION OF FECAL ANDROGENS 

IN THE COW 

B. B. CA8ADY, H. H. COLE and G. H. HABT 
Divi/rion of Animal Husbandry, University of California, Davis 

The function of androgens in the female is becoming recognized as one of 
considerable importance. Accumulating evidence indicates that androgens may 
play an important role in determining the normal processes associated with the 
estrous cycle. Salmon and Geist (23) have shown that androgens stimulate 
sexual libido in the human female and Cole et aL (2) report similar results with 
the ewe. Selye (24) states that androgens are a potent means of terminating 
menstruation and that testosterone produces mammary development in the 
female rat. 

Since McGee (19) first extracted the male hormone from bull testes in 1927, 
investigations of androgen excretion have been confined almost entirely to the 
urine. In 1942 Riley and Hammond (22) showed, however, that the feces of 
dairy cows had considerable androgenic activity as determined by precocious 
comb and wattle growth in chicks given cow feces in the diet. There was also 
a retardation of gonadal development of the chicks. Fees of cows both with 
and without access to pasture contained the active principle in similar concen- 
trations, a fact leading the authors to conclude that androgen is not derived 
from the diet. On the other hand, bull feces showed no evidence of androgen 
content. Turner (25 to 29) and Longwell and Gassner (8, 18), have con- 
firmed and extended the findings of Riley and Hammond. 

The purpose of the present study is to investigate factors modifying the 
fecal excretion of androgens in the cow, and to determine the possible relation- 
ship between the fecal androgen level and certain reproductive disorders in 
cattle. 

EXPERIMENTAL 

The animals used in these studies were Jersey and Holstein cows from the 
Division of Animal Husbandry herd with the exception of four Jerseys and one 
Guernsey with cystic ovaries purchased from nearby breeders. The method of 
assay used was that described by Riley and Hammond (22), with the exception 
that day-old White Leghorn cockerels were used in place of Rhode Island Red 
chicks and the feeding period was shortened to 14 days. White Leghorns were 
used because they were most readily available at the time the study was ini- 
tiated. Dorfman (4) has shown since that the White Leghorn comb is 10 to 
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20 times more responsive to androgen than the comb of the Rhode Island Red 
or Barred Rock. The shorter feeding period was instituted when it was no- 
ticed that the comb response at the end of 14 days was great enough to afford a 
reliable assay. Only cockerels were used, any pullets found at autopsy being 
discarded. Data from cockerels weighing less than 90 g. at autopsy were not 
included. It was intended to use ten or eleven chicks for each test but the 
number was reduced in some instances to seven by the limitations imposed by 
sex and size. 

To rule out the possible effect of environment, a control group of chicks 
receiving no feces was run with each test. There was no evidence to indicate 
that changes in environment or in chicks used influenced the results. 

The feces were collected in most instances in a clean container as they were 
dropped. In a few instances, part of the sample was obtained by artificial 
evacuation of the bowel; in a few others, samples were taken up from a clean 
concrete floor. The feces were dried in shallow pans in ovens at a temperature 
of 39 to 41° C. for 48 to 72 hours and then ground in a hammer mill before 
mixing with the chick ration. 

The basal chick ration was a well-balanced diet furnished by the Poultry 
Division of the University of California.^ The feces were mixed with the basal 
ration in the proportion of 10 per cent by weight and fed to day-old chicks. 
Fed in this proportion, the average consumption of fe(jes was 18 g. per bird, 
with extremes of 15 to 21. There was as much variation in feces consumption 
among groups of chicks on the same feces sample as among groups on different 
samples. As differences between the means of only 2 of 18 repeat tests of 
given samples were significant, it is apparent that variations in feed consump- 
tion were not sufficient to be of great importance in the interpretation of the 
results. At the end of 14 days on feed, the combs were removed as described 
by Frank et al. (6). The testes were removed for weighing at the same time. 
The comb and testes were weighed separately on a torsion balance to the near- 
est 0.2 mg. 

The chicks were kept in a Jamesway brooder with the temperature under 
the hover pad at 95 to 100° F. The room temperature was maintained at ap- 
proximately 70° F. 

EXPERIMENTAL RESULTS 

Accuracy of the assay method. To test the accuracy of the androgen assay 
procedure, 18 of the feces samples were tested twice, using two groups of chicks 
at different times. During both feeding periods, conditions were duplicated as 
closely as possible with respect to ration, temperature, number of birds and 
length of feeding period. The mean comb weight of the repeat group was com- 
pared with that of the original assay group. Statistical analysis of the differ- 
ence between the means showed that in 16 out of 18 compared assays the difference 
between the means was not significant at the 5 per cent level of probability 

I The basal ration consisted oft flshmeal-16, moat Bcraps-16, soybean meal-56, alfalfa 
mealr-eo, salt-8, limestone and MnSO^, fish oiUl, millmu-60, brewer's yea8t-4, ground 
wheat-40, ground eom-173, and whey-S. 



FECAL androgen EXCRETION 


267 


(table 1). Thus, this method of assay for fecal androgens is fairly reliable and 
significant differences in comb weights usually may be attributed to differences 
in the amount of androgens in the feces fed. At the present time no adequate 
explanation is available as to why significant differences were found between 
mean comb weights in two of the repeat tests. 

Effect of diet on the fecal androgen level. Assuming that the 24-hour 
excretion of androgens is constant, greater androgenic activity per gram should 
be obtained from feces of cows on a low fiber diet with low total feces during 
the 24 hours than from cows on a roughage diet with a larger amount of feces 

TABLE 1 

Tests on the accuracy of fecal androgen assay by the chicle comb growth method with feces 

fed as 10% of the dieU 


Sample 

no. 


Feeea conaumption 
per chiek for 
the 2 tests: 


Average comb weights 
per 300 g. body weight 
for the two teats: 


Significance of difference 
between duplicate tests 
expressed as probability 



Original 

Repeat 

Original 

Repeat 

valucKb 


(9-) 

(/7.) 

(mg.) 



o 

18.2 

15.3 

71.2 

71.7 

> 0.50 

6 

19.7 

16.7 

105.6 

100.8 

> 0.60 

3 

16.9 

17.6, 

322.2 

290.5 

> 0.50 

15 

• 18.4 

17.7 

252.7 

276.3 

> 0.50 

19 

18.2 

19,4 

228.2 

214.2 

> 0.50 

18 

17.0 

18.4 

272.9 

268.4 

> 0.50 

5 

17,2 

16.7 

271.7 

246.1 

> 0.50 

8 

16.6 

16.4 

279.4 

246.5 

> 0.50 

31 

18.9 

19.7 

250.2 

245.8 

> 0.50 

32 

18.5 

c 

429.3 

409.7 

> 0.50 

4 

17.9 

15.2 

333.5 

284.4 

0.37 

12 

18.1 

17.4 

325.2 

282.6 

0.37 

17 

38.5 

18.1 

244.3 

212.6 

0.36 

13 

15.9 

19.5 

110.0 

158.7 

0.20 

33 

17.3 

c 

403.2 

321.0 

0.20 

30 

15.3 

19.3 

159.9 

237.2 

0.20 

28 

15.2 

20.6 

119.9 

254.1 

0.05 

16 

19.0 

17.8 

200.9 

125.4 

<0.01 


• Duplicate tests were made on given samples with at least 1 week between tests. An 
average of 9 chicks were used for each test with extremes of 7 to 11. 

b Probability values greater than 0.05 indicate that the difference between duplicate tests 
is not significant. 

«Data not available. 

voided. To test this hypothesis, tw^o non-lactating cows were placed on a 
cement floor without bedding and fed alfalfa hay and straw in excess for a pre- 
liminary period of 3 days, at the end of which time a 24-hour collection of feces 
was made and an aliquot taken for assay. All hay and straw then was taken 
away and each cow was fed 5 lb, of rolled barley twice daily for a preliminary 
period of 3 days» at the end of which time another 24-hour collection of feces 
was made.' The experiment was repeated using two other cows with a prelimi- 
nary feeding period of 5 days for alfalfa hay alone and 4 days for grain. 
Again 24-hour collections of feces were made at the end of each feeding period 
and aliquots taken for assay. During all feeding periods the cows had access 
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TABLE 2 

Effect of a roughage diet as compared to a grain diet on the fecal androgen level in cows ae 
determined hy the chicle comb growth method^ 


Cow 


Samples 


Feees consumption 
per chick receiving 
feces of cows on: 


Av. comb wt. per 
100 g. body wt. 
with feces from 
cows receiving: 


Significance of 
difference 
between means: 




BoUed 

barleyb 

Boughagec 

Boiled 

barleyb 

Boughagec 

t 

P 



(g-) 

(g-) 

(mg.) 

(mg.) 



562 

28 & 30 

15.2 

15.3 

119.9 

159.9 

1.15 

>0.2 

562 

28 & 30 


19.3 

254.1 

237.2 



E-59 

27 & 29 

17.3 

16.4 

62.2 

117.2 

3.93 

ill 

757 

45 & 46 

19.2 

19.4 

187.2 

461.0 

4.99 

iD 

821 

43 & 44 

20.5 

18.0 

99.7 

534.1 

6.45 

KilAiU 


• The dried feces were fed as 10% of the chick ration for 14 days. An average of 9 
chicks were used per test. 
b5 lb. twice daily. 

^ Cows 562 and E-S9 received alfalfa hay and straw in excess. 

Cows 757 and 821 each received 10 lb. of alfalfa hay twice daily. 


to no other food, and water and salt were furnished ad libitum. Contrary to 
the hypothesis mentioned, the feces of the cows on a diet of roupfhage showed 
greater androgenic activity than feces of cows on the grain diet in three of four 
instances (table 2). The differences in comb weight produced by the feces of 
cow 562 on the two diets are not significant at the 5 per cent level of probabil- 
ity, but those for cows E-59, 757 and 821 are highly significant at the 1 per cent 
level. No explanation is available at present to account for the difference in 
comb weight between the original and repeat tests on each diet in the case of 
cow 562. On the hay diet, the total amoUnts of feces excreted during the 24- 
hour period were 2.6, 3.8, 3.8 and 4.3 times greater than on grain alone for cows 
562, B-59, 757 and 821, respectively (table 3). Thus, considering the greater 
androgen content per gram of feces in three out of four cases while on the hay 
diet, it is apparent that the total fecal androgen excretion is more than three 
times that on the grain diet. These data clearly indicate that diet has a promi- 


TABLE 3 

Influence of diet on gi-hour excretion of feces 


Cow 

donor 

Dry weight of feces on: 

Per cent 
increase 

Boiled 

barley* 

Boughageb 


(9.) 

(g-) 


m 

1350 

3505 

260.0 

B-S9 

1145 


380.0 

767 

815 

3140 

380.0 

821 

795 

3420 

430.0 


• 5 lb. twice daily. 

b OowB 662 and E-59 received alfalfa hay and straw in exeesa. 
Cows 757 and 821 each received 10 lb. alfalfa hay twice daily. 
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nent role in determining the fecal androgen level. This effect of diet must be 
considered in comparative assays. All comparative assays made during the 
course of this study were made on cows receiving similar diets, and the role of 
the diet is not considered to have influenced the results to any appreciable 
degree. 

Androgen levels in normal cows. To establish a basis for comparison, assays 
were made of feces of normal dairy cows in various physiological states. Feces 
of non-pregnant lactating, pregnant lactating and pregnant non-lactating cows 
produced comb weights 300 to 400 per cent greater than the controls, at the 
same time suppressing testicular development to 50 to 60 per cent of that of the 
controls (table 4). The data fail to show a clear-cut difference in androgenic 


TABLE 4 

Androgen in ike feces of normal dairy cows as determined by the chid- comb growth risponse^ 


Cow 

donor 

Condition of 
donor 

Sample 

no. 

No. of 
chicks 

Feces 

consumption 
per chick 

Av. body 
weight 

Av. wt. 
of 

testes 

Av. comb 
“Wt. per 

100 g. 

body wt. 

None 

Controls 


57 

(ff.) 

(9-) 

128.5 

(•mg.) 

38.4 

(0-) 

73.8 

904 

Nonpregnant 

3 

7 

16.9 

116.7 

18.7 

322.2 

lactating 

3 

11 

17.6 

107.4 

14.9 

290.5 

1092 

Pregnant 

4 

10 

17.9 

112.9 

16.7 

333.5 

lactatingb 

4 

9 

15.2 

103.4 

14.7 

284.4 

1093 

Pregnant 

5 

7 

17.2 

113.7 

18.7 

271.7 

lactatingt* 

5 

8 

16.7 

100.7 

19.2 

246.1 

885 

Pregnant 

8 

11 

16.6 

110.7 

21.9 

279.4 

non-lactating<' 

8 

8 

16.4 

113.6 

17.4 

246.5 

907 

Pregnant 

9 

8 

d 

104.0 

17.3 

241.5 

non-laetating*’- 

11 

11 

17.7 

115.6 

18.8 

385.2 

897 

Pregnant 

12 

9 

18.1 

115.5 

18.1 

325.2 

non-lactatingc 

12 

10 

17.4 

112.4 

16.8 

282.6 


« The feces wore fed to chicks for 14 days as 10% of the ration. Sample numbers indi- 
cate where repeat tests were conducted 
b Cows in first 2 months of gestation. 

« Cows in last month of gestation, 
d Data not available. 

content of the feces in the different groups. Turner (28) reported that the 
androgenic activity was high during the first month of lactation but a later re- 
port (29) did not substantiate this. Gassner and Longwell (8) report that the 
androgenic titer drops to zero at parturition. Several reports (8, 18, 28, 29) 
indicate that the excretion is high shortly before parturition but none specifi- 
cally states that statistically significant increases were found. In our series, two 
of three samples collected in late pregnancy did not vary significantly from the 
mean of all samples collected from normal non-pregnant or early pregnant cows. 

Androgen levels in cysiic^ovary cows. The etiology of cystic ovaries in cows 
is as yet unknown. This pathological condition has been studied by several 
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investigators since the turn of the century (1, 7, 10, 11, 20, 30) but studies on 
hormonal levels in these animals are not available. 

Six cows with a cystic condition of the ovaries were studied during the 
course of this investigation. A brief history of each case follows : 

Cow 1. Jersey, 7 years of age, lactating approximately 2 years. Placed under observa- 
tion June 22, 1947. Examination on that date disclosed a cyst on the left ovary double the 
suEe of a walnut, no cyst on the right ovary. Previous history of frequent mounting and 
molesting other cows in the herd. Evidence of heat once in 2.5 months under our observation. 

Cow D'41, Jersey. Last calf September, 1945. Cyst first discovered November, 1946, 
diortly after abortion. Cyst expressed for the last time December, 1946. Placed under ob- 
servation October 28, 1947 and examination revealed the right ovary the size of a small 
orange, a little larger than the left. Previous history of lowing like a bull and riding all 
cows available. Used to determine cows in heat. Tail head not significantly raised. During 
study infrequent riding of companion cow was observed. In heat December 19, 1947. Exami- 
nation December 20th disclosed a definite cyst, 2X2.5 inches, on the left ovary. Bight ovary 
was normal. Autopsy at end of study showed the right ovary to be 1 x 1.75 inches with one fol- 
licular cyst; the left, 1.75 x 2 inches with throe follicular cysts. No corpora lutea were present. 

Cow E-S9» Jersey. Last calf June 6, 1946. Obtained for study March I, 1948. Pre- 
vious history of nymphomania symptoms, frequent estrous period and breedings, but no con- 
ceptions, bellowing, high at the tail head, riding of all cows in heat, pawing and nervousness. 
No heats observed from March to June, 1948. Examination February 23, 1948, showed the 
right ovary to be the size of a small hen’s egg with a cyst 1 inch in diameter. The left 
ovary was the size of a large English walnut but had a smooth surface. The ovaries re- 
gressed until April 20, when examination showed one cystic follicle on the right ovary. Last 
examination in June, when the right ovary was the size of an English walnut and had one or 
more large follicles and the left ovary was small with no palpable follicles or eoqjora lutea. 
Cow anaphrodisiac since February, 1948, but still repeatedly mounts cows in heat, is liigh at 
the tail head and bellows like a bull. 

Cow £16, Last calf June, 1947. Bred every 3 weeks on occurrence of heat between July, 
1947, and January, 1948, with no conceptions resulting. No external cystic symptoms except 
for a slightly raised tail head. Previous history of mounting cows in heat a great deal. 
Examination in February, 1948, revealed the right ovary inactive, the left ovary half the 
size of a hen’s egg and definitely cystic. Examination again in March disclosed no cysts 
on either ovary. In heat March 1, 1948, and bred March 2. 

Cow 849, Jersey. Last calf December 11, 1947. Bred four times within a 2-month 
period since her last calf. History of cyst first being noticed March 24, 1948, on the right 
ovary; left ovary normal. Placed under observation May 11, 1948. Previous observations 
indicate she frequently was in heat, riding other cows and standing to be ridden. Between 
May 11 and June 6, she was in heat every 7 to 9 days and exhibited nymphomania symptoms 
of being very rabid, riding and being ridden almost constantly while in heat. On March 11, 
the cyst on the right ovary was 0.75 inch in diameter and quite hard. Examination June 3 
revealed both ovaries enlarged, a little larger than an English walnut. Injected with 1000 I.U. 
equine gonadotrophin June 4, and by June 9 tlie ovaries were smaller, although the left was 
still about the size of an English walnut, the right ovary being smaller and flatter with a 
corpus luteum on one end. In heat June 6, but was not observed in heat again up to June 29 
although she still mounted other cows in heat. Estrus noted again July 17, July 20 and 
July 22. ’ 

Cow 768, Jersey. Last calf September 3, 1947. Bred five times between September, 
1947, and January, 1948. History of displaying nymphomaniac symptoms. In heat often, 
every 4 to 5 days. Showed morphological characteristics of a high tail head, relaxed pelvic 
ligament, and tendency toward coarseness in the shoulders. Did not develop the throaty 
bawling of a buU. Examination March 23 and March 25, 1948, disclosed the left wary 
•lightly enlarged with a couple of small cysts present with the right ovary apparently normal 
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Feces of the six cows were collected and assayed for androgenic activity 
(table 5). Feces of cows 1 and D-41 produced comb weights which indicated 
very little excretion of androgens, while those of the remaining cows showed 
significant androgen content, although two of them were below that of the nor- 
mal cows. The results suggest a decrease in fecal androgens in cows with cystic 
ovaries, although results on cows 849 and 758 might be considered as being in 
the normal range. As may be noticed in the table, there is an apparent cor- 
i:elation between the fecal androgen level and the length of time since calving. 
The lowered androgen excretion in cystic-ovary cows with masculine charac- 

TABLE 5 


Androgen in the feces of cystic-ovary cows as determined by the chick comb-growth response^ 


Donor 

Months 
since 
last calf 

Sample 

no. 

No. of 
rhicks 

Av. body 
weight 

Av. wt. 
of testes 

Av. comb 
per 100 
g. body 
weight 

Feces 
consump- 
tion per 
chick 





(p.) 

(mg,) 

(mg.) 

(9-) 

None (controls) b 



13 

329.1 

86.8 

402.4 


Cow no. lb 

24 

1 

1 

15 

14 

258.1 

249.2 

51.8 

46.2 

381.4 

543.1 

C 

e 

None (controls) 



161 

128.8 

40.2 

80.1 




2' 

9 

115.5 

28.5 

71.2 

18.2 

T4 ill 

fid 

2 

10 

128.9 

34.0 

71.7 

15.3 



6 

9 

109.8 

30.5 

105.6 

19.7 



6 

8 

120.0 

26.6 

100.8 

16.7 



17 

10 

123.4 

25.1 

244.3 

18.5 

E5ft 

33 

17 

11 

125.1 

19.6 

212.6 

18.1 



20 

10 

107.5 

24.6 

104.0 

16.9 

oi 

o 

13 

9 

112.1 

21.8 

110.0 

15.9 

JID 

o 

13 

10 

129.5 

30.3 

158.7 

19.5 

849 

5 

36 

9 

137.2 

29.2 

268.2 

20.1 

758 

6 

23 

8 

111.0 

20.0 

234.9 

16.2 


« The feces were fed to chicks for 14 days as 10% of the ration. Sample numbers indi- 
cate where repeat tt»8t8 were conducted. 

Results over a 28-day feeding period. 
cData not available. 

teristics and behavior is analogous to the low androgen excretion in the bull as 
reported by Riley and Hammond (22) and Turner (27). The significance of 
this decreased excretion of, fecal androgens in the male and masculine-like 
female is not apparent. 

Effect of ovariectomy on androgen excretion. It has been demonstrated that 
the ovary may secrete androgens under certain conditions (3, 12, 13, 14, 15, 17), 
but to what extent it is involved in the normal production of androgens has not 
been determined. To investigate the role which the ovary plays as a source of 
fecal androgens in the cow, bilateral ovariectomy w^as performed on cow 883. 
Feces were collected for assay preceding the operation and on the 4th, 10th and 
39th days post-operative. The results are shovni in table 6. Ovariectomy did 
not produce a decrease in androgen excretion. In fact, there is an apparent 
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tomy in the cow is a hazardous and difficult procedure, however, resulting in 
considerable stress and post-operative discomfort. Very little food or water 
was consumed by the cow for approximately 72 hours after the operation, and 
defecations were extremely meager. Furthermore, severe infection was found 
at the site of the removed adrenal at the time of autopsy 26 days after the 
operation. One may assume, therefore, that, as a result of stress, the remain- 
ing adrenal secreted at a greater rate than did both adrenals preceding the 
operation. The fact that a marked change in fecal androgens occurred follow- 
ing adrenalectomy in an ovariectomized cow provides strong presumptive evi- 
dence that the adrenals play a prominent role in androgen production in this 
species. 

DISCUSSION 

One of the first questions confronting one attempting to study the factors 
modifying the excretion of a given hormone is the accuracy of the assay test to 
be employed. The data given in table 1 indicate that in most instances a given 
result can be duplicated with considerable precision. However, in 2 of 18 tests 
there were statistically significant differences in the mean comb weights of du- 
plicate tests on the same sample. This means that in a few instances there have 
been variables in the procedure or in the test animals which have not been rec- 
ognized. This fact serves as a warning in the interpretation of minor differ- 
ences. 

That the nature of the diet has a profound effe(»t upon the 24-hour ex<*retion 
of fecal androgen is indisputable. In three of five tests the fecal androgen 
per gram of feces was distinctly higher when cows were fed roughage alone 
than when they were fed concentrates alone (table 2). In addition, the total 
feces per 24-hour period was approximately three times greater on roughages 
than on grain (table 3). Until the specific androgen in cow feces is known, 
attempts to express androgen excretion in absolute t(Tms are of doubtful value. 
Nonetheless, the response of the chick comb to dehydroisoani1rost(*r()iie* was de- 
termined during the course of this study. When placed in the chick ration 
using the same strain of chicks, 4 mg, of this androgen per bird produced a 
comb weight (average of 10 birds) of 170 mg., and 8 mg. of the hormone, an 
average comb weight of 318 mg. The responses to the feces of cow 757 (table 
2) come closest to simulating these responses. The amount of feces consumed 
per bird and the 24-hour excretion of feces are known. Assuming that the re- 
sponse to the feces of cow 757 on rolled barley, 187 mg. comb weight, is equiva- 
lent to the response to 4 mg. of dehydroisoandrosterone, and further that the 
response to the feces of cow 757 on alfalfa hay, 461 mg. comb weight, is equiva- 
lent to the response to 8 mg. of the hormone, one is able to calculate excretion 
in terms of dehydroisoandrosterone. The calculation discloses that an equiva- 
lent of 212 mg. of dehydroisoandrosterone was excreted daily by cow 757 on 
rolled barley and 1,286 mg. on alfalfa hay. In other words, the daily androgen 
excretion was approximately six times greater on roughage than on grain 

*Kiiid]7 snpplied Iqr Sdierlng Ooip., Bloomfield, N. J. 



fecal androgen excretion 


275 


Further studies are necessary before one could speculate on the cause of this 
difference. 

The consistency with which responses of 200 mg. or greater in comb weights 
were obtained when chicks were fed feces from normal animals (table 4) indi- 
cates that lower values may have diagnostic significance. As is seen in table 5, 
a low androgenic response usually is obtained from cows with cystic ovaries of 
long standing. 

The results clearly show that there is no fall in the fecal androgen level fol- 
lowing ovariectomy. Too much emphasis should not be put on the rise ob- 
served without further experiments. The significance of the finding that in two 
trials a distinct rise was obtained after treatment of cow 562 with equine 
gonadotropliin is tempered by the occurrence of a distinct drop in a trial with 
cow E-5f). The fact that a distinct increase in ovary size was found by rectal 
palpation in the first animal and no detectable ovarian change in the second 
may furnish a clue for interpretation. 

The distinct rise in androgen excretion obtained by unilateral adrenalectomy 
scarcely is the result expected, but, nevertheless, it does indicate that the ad- 
renal may be involved in determining the amount of fecal androgen in the cow. 

SUMMARY 

Studies were made on the fecal androgen excretion by dairy cows in various 
physiological and pathological states. 

The accuracy of the assay method was determined with duplicate tests on 
18 samples. Sixteen of the 18 tests showed no statistical difference between 
the mean comb weights of duplicate assays on the same sample. 

In four trials, di(‘t was shown to have a marked effect on the androgenic ac- 
tivity of cow feces; the 24-hour excretion of androgens on a roughage diet (al- 
falfa hay and straw, or alfalfa hay alone) was three to four times greater than 
on a diet of concentrates alone. The androgenic activity per gram of feces 
and the total feces excreted in 24 hours both were greater on roughage than on 
concentrates. 

The feces of normal cows, incorporated as 10 per cent of a chick diet, pro- 
duced an average comb weight per 100 g. body weight of 295.2 as compared to 
an average comb weight of 80.1 mg. for control chicks receiving no feces. In 
the small number of animals studied, there was no indication that the fecal an- 
drogen level was influenced significantly by lactation or stage of gestation. 

The feces of cows with cystic ovaries contained less androgenic activity than 
the feces of normal animals in four of six cases. In fact, in two eases no evi- 
dence of androgen could be detected by the method employed. Thus, it ap- 
pears that in certain reproductive abnormalities, the fecal androgen level is 
decreased. 

Bilateral ovariectomy of a cow caused an apparent increased androgen ex- 
cretion. Feces collected 4, 10 and 39 days following ovariectomy produced 
average comb weights per 100 g. body weight of 157.2, 270.6 and 239.4 mg., 
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respectively, as compared to the average comb weight of 188.2 mg. produced by 
feces collected before the operation. 

Ovarian stimulation with equine gonadotrophin produced increased excre- 
tion of androgen in two experiments and decreased excretion in one experi- 
ment. 

Unilateral adrenalectomy of an ovariectomized cow was followed by an in- 
crease in androgen excretion. Feces collected 3, 7, 11 and 14 days post-opera- 
tive produced average comb weights per 100 g. body weight of 419.9, 357.5, 
318.9 and 468.3 mg., respectively, as compared to 248.0 mg. for feces collected 
pre-operatively. As the gonads were absent, a plausible explanation of the 
results obtained is that the remaining adrenal was stimulated to increased 
secretory activity. 
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SOME EFFECTS OF FEEDING THYEOPBOTEIN TO DAIRY COWS 
DURING THEIR FIRST LACTATION 

By J. W. THOMAS, L. A. MOOBE AMS J. V. SYKES 

Bureau of Dairy Industry, Agricultural Beseareh Administration, 

United Staten Department of Agriculture 

During the past several years various investigators have demonstrated that 
feeding thyroprotein, an iodinated casein, to producing dairy cows results in 
increased milk production. Beineke and Turner (16) were the first American 
workers in this field. The results of the early work have been verified and ex- 
panded at several experiment stations (1, 3, 6, 10, 13, 15, 25). Seath et al, (19) 
have studied the effect of feeding thyroprotein in a warm climate. The largest 
experiment was one carried out by Blaxter (4) in England which involved the 
use of 1,008 cows in farm herds. This investigator has been studying recently 
the possibility that thyroprotein feeding may have practical application in Eng- 
land if the thyroprotein is fed when milk production is at a seasonal low point 
during the latter part of the winter, a period of about 2 months (5). The 
changes that might occur in the composition of the blood and/or milk as a result 
of feeding thyroprotein to the dairy cow also have been studied (1, 6, 10, 12, 
20, 26). A review of a non-scientific nature on feeding of thyroprotein to 
dairy cattle appeared in the 1943-47 Yearbook of Agriculture (14). 

Most of these experiments have been for short periods and, therefore, the 
data are not adequate to guide the dairyman in feeding thyroprotein to cows 
over long periods of time. Also, there are no data concerning the effects of 
feeding thyroprotein for long periods and/or for several lactations on the health 
and lifetime performance of cows. Therefore, an experiment was set up by the 
Bureau of Dairy Industry to study the long-time effects of feeding thyropro- 
tein on the health and reproduction of dairy cattle. Some interesting observa- 
tions have been made from the standpoint of milk production and the results 
observed during the first lactation are reported here. 

EXPERIMENTAL 

Eleven first-calf heifers were fed thyroprotein from approximately the 60th 
day postpartum until 90 days before the next expected parturition. This 
amounted to an average of 301 days (range 240 to 380) during which the cows 
received the drug. A group of three control cows (group 1) received the same 
feed and treatment except that they were not fed thyroprotein. 

All cows were fed 7.5 lb. alfalfa and 7.5 lb. timothy hay and 15.0 lb. of com 
silage per 1000 lb. of body weight. This roughage allowance was calculated 
in early lactation and maintained at that level during the lactation. The re- 
mainder of the nutrient allotment of each cow consisted of a 17 per cent pro- 
tein grain mixture of wheat bran, 40 parts; ground yellow corn, 40 parts; lin- 
seed meal, 20 parts; and salt (non-iodized), 1 part. 

BeeeiTed for publication October 11, 1948. 
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Three levels of thyroprotein feeding were used with cows of group 2. Cows 
H-268, H-269, J-488 and J-489 were fed 1.5 g. per 100 lb. of body weight 
Cows H-262, J-487, J-490, J-496 and H-266 were fed 1.0 g. per 100 lb. and cows 
J-604 and H-272 were fed 0.6 g. per 100 lb. The letter II before the number 
indicates the cow was of the Holstein breed; likewise, J indicates Jersey. Dur- 
ing the experiment the amount of thyroprotein was adjusted every 10 days ac- 
cording to the cow’s body weight. The weighed amount of thyroprotein was 
mixed with the daily grain alowance. 

The cows receiving thyroprotein (group 2) were divided into three sub- 
groups on the basis of total digestible nutrient (T.D.N.) intake. Group 2-A 
was fed the maximum Morrison requirements based on production and main- 
tenance, as was group 1 (controls). The amount fed to group 2-B was in- 
creased after mid-lactation from 100 per cent to either 125 or 150 per cent of 
requirements and group 2-C was fed 125 per cent of the Morrison requirements 
throughout the period when thyroprotein was fed. This extra amount of nu- 
trients was not always consumed during the early part of lactation. However, 
by the 100-150th day of lactation the cows readily consumed the 125 per cent 
and even 150 per cent when it was offered. The extra allowance of nutrients 
was fed only during the period thyroprotein was being fed. 

Adjustments in the amount of grain fed were made at 10-day intervals and 
were based on the cow’s body weight and milk production at similar intervals. 
In late lactation the grain allowance was not decreased below a minimum of 
0.5 lb. per 100 lb. of body weight. This allowance was continued during the 
dry period. Thus toward the end of the lactation of groups 1 and 2-A and 
during the dry period of all cows the T.D.N, consumption was somewhat larger 
than requirements. Daily feed records of amounts fed and refused served as a 
basis for calculating T.D.N. consumption of each cow. Ck>mposite milk samples 
were obtained for butterfat test (Babcock) on the 5th and 6th days of each 10-day 
period. 

RESULTS 

Initial response and body weight changes. When thyroprotein was fed, all 
11 cows responded with an increase in F.C.M. production. The degree of re- 
sponse was variable, some cows showing a considerable increase while others 
gave a negligible increase. Low responses were given by cows H-269 and J-604, 
but the increase was transient and too small to show when the production was 
averaged by 30-day periods. The low rate of thyroprotein feeding (0.6 g. per 
hundred-weight) to cow J-604 may have been one reason for the small response of 
this animal. The greatest response was given by cow J-489. This cow’s average 
daily F.C.M. production for the month after thyroprotein feeding was initiated 
was 8.5 lb. (32 per cent) above her pre-experimental level. 

The average daily milk production for the month previous to feeding thyro- 
protein and the first, second, third and fourth months after are as follows: 
Groups 2-A and B : 33.6, 36.6, 33.0, 28.5 and 24.3 ; Group 2-G : 34.3, 36.5, 37.5, 
35.6 and 83.3. Corresponding figures for the control cows were 39.0, 35.6, 
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31.1, 27.9 and 25.9. In figure 1 the average milk production of these groups is 
graphically presented by 30-day intervals expressed as a percentage of the 
pre-experimental month. 

The cows fed thyroprotein increased an average of 8 per cent (2.8 lb.) in 
daily milk production during the first month after thyroprotein feeding was 
started as compared to the pre-experimental month. However, by the fourth 
and fifth months after thyroprotein feeding was started, the production of the 
cows in groups 2-A and 2-B (both receiving T.D.N. at 100 per cent of require- 
ment to this time). had decreased on a percentage basis to or below the produc- 
tion of the control cows. Thus after the initial increase in milk production the 
rate of decline was faster for cows fed thyroprotein and T.D.N. at requirement 
than it was for the control cows. A very different type of response was ob- 



PlO. 1. Effects of feeding thyroprotein with different T.D.N. intakes on the average 
milk production expressed as a percentage of the pre-experimental month. 

tained with the cows in group 2-C, which were given thyroprotein with extra 
T.D.N. at 50 days postpartum. The peak of response when extra nutrients 
were fed did not occur until the second or third month after thyroprotein feed- 
ing was begun, whereas cows receiving only 100 per cent of their T.D.N. re- 
quirement reached their peak within the first month after thyroprotein feeding 
was begun. Groups 2-A and B, after 4 to 5 months of their regime, had de- 
clined in milk production to about 65 per cent of their pre-experimental level, 
while at the same time the cows that received extra nutrients were producing 
at about 96 per cent of their pre-experimental level. Thus milk production, 
after being stimulated by thyroprotein, did not decline as rapidly in the group 
receiving thyroprotein and extra nutrients as it did in the group receiving thy- 
roprotein and nutrients at 100 per cent of requirement. 
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When thyroprotein was fed to cows receiving nutrients at 100 per cent of 
their requirement (groups 2-A and 2-B) large losses in body weight occurred. 
These losses continued until late in the lactation. Over a corresponding lac- 
tation segment the control cows usually gained weight or had small decreases. 
The average body weight changes from the 50th to the 170th day were as follows : 
Group 1, a gain of 11 lb. ; groups 2-A and B, a decrease of 78 lb. and group 2-C, 
a gain of 5 lb. The animals fed thyroprotein and extra nutrients from the 50th 
day had normal body weight changes (group 2-C). Graves (9) reported that 
well-fed first-calf heifers did not lose weight but usually made small gains after 
the first month postpartum. This was observed in the control and extra nu- 
trient groups. Thus the feeding of extra nutrients with the thyroprotein pre- 
vented the large weight losses noted in animals receiving thyroprotein and nu- 
trients at 100 per cent of requirement. 
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DAYS IN LACTATION 

Pio. 2. Effects of feeding thyroprotein with different T.D.N. intakes on the average 
body weights of the experimental animals. 

Effeci of increasing T.D.N, intake at mid-lactation. An attempt was made 
to retard the rapid decreases in body weight and milk production of some cows 
(group 2-B) that had been receiving thyroprotein and T.D.N. at requirement. 
This was done by increasing the nutrient intake to 125 or 150 per cent of re- 
quirement by feeding additional grain after mid-lactation (at approximately 
180 days) to four of the thyroprotein-fed cows. The effects of this treatment 
on their milk production, body weight and pulse rates can be observed by com- 
paring group 2-A with group 2-B in figures 1, 2 and 3. 

Figure 1 shows that the extra nutrients fed to group 2-B beginning at mid- 
lactation checked the abnormally rapid rate of decline in milk production and 
from this time on the persistency of this group was comparable to that of nor- 
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mally-fed cows. However, group 2-A, not fed extra T.D.N., continued to de- 
cline in milk production at an abnormally rapid rate. The decrease in daily 
P.C.M. production of group 2-B during the 2 months following the feeding of 
extra nutrients averaged only 2.0 lb. A corresponding figure for this segment 
of lactation of the control group was 3.7 lb., while for group 2-A, not fed extra 
nutrients, it was 6.4 lb. Throughout the entire lactation the persistency of 
milk production was excellent for all three first-lactation heifers that received 
thyroprotein and extra nutrients beginning at 50 days postpartum (group 2-C). 

The cows receiving no extra feed (group 2-A) actually weighed less at 240 
days in lactation than they did at 180 days (fig. 2). However, the cows in 
group 2-B, fed extra T.D.N., had gained 75 lb. during this period. The control 
animals gained an average of 21 lb. Thus the cows that had received thyropro- 
tein for about 120 days and nutrients at 100 per cent of their requirement re- 
sponded with marked gains in body weight when given extra feed. The body 
weight of those that did not receive this extra feed continued on a downward 
trend. However, after the 240th day, rapid increases in body weight occurred 
in group 2-A due to the fact that milk production had reached a low level 
and their minimum grain allowance was more than adequate to meet their re- 
quirement. When the extra T.D.N. was fed to the cows at mid-lactation, the 
heart rate showed a marked increase. Variations in heart rate are discussed 
later in the text. Thus, cows that are receiving thyroprotein and nutrients at 
100 per cent of their requirement will respond with increased body weight 
gains, increased persistency in milk production and increased heart rates when 
given nutrients at 125 per cent of requirement. 

When thyroprotein was removed from the ration at 90 days before the next 
expected parturition the body weight of all oows increased very rapidly. The 
increase in body weight averaged about 70 lb. during the first 20 days after the 
removal of thyroprotein. This rapid gain in body weight and the general ap- 
pearance of the animal suggests a possible change in water retention when thy- 
roprotein is fed. 

The 305-day production records of 14 first-lactation heifers are presented in 
table 1. They are divided into one control group and three experimental 
groups that received thyroprotein beginning at about the 50th day of lactation 
and continued throughout the lactation period. The T.D.N. consumed varied 
in the three experimental groups. 

No definite conclusions can be made concerning total production as affected 
by the experimental procedures involved because of the small number of ani- 
mals and the inability to balance inherited productive capacity among the 
groups. The indications are that the total production for the lactation of cows 
fed thyroprotein with T.D.N. at requirement would be no greater than cows 
fed T.D.N. at requirement without thyroprotein. However, the total production 
of cows H-269, J-488, and J-604 was very low. The conclusion seems justified 
that poor producing cows cannot be changed into good producers by feeding 
thyroprotmn. 
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Comparative efficiency of milk production. The comparative efficiency of 
milk production by the control group and thyroprotein-fed groups is presented 
in table 2. The lactation segment from the day thyroprotein feeding was 
started to the 305th day of lactation was used for this comparison. Two animals 
(J-604 and H-272) that were fed thyroprotein at the low rate were excluded 
from these calculations. 

The F.C.M. produced, the T.D.N. consumed and weight gained during this 
period were obtained from the records. The T.D.N. assigned to maintenance 
during this period was calculated by summation of 10-day maintenance re- 
quirements based on body weight and Morrison's standard. The T.D.N. for 
weight gain was calculated by using the figure 3.53 lb. T.D.N. per lb. gain (17). 

TABLE 1 

SOS-day produetion records of 11 cows that have finished their first lactations on the 

thyroprotein experiment 


Cow no. 
and breed 

Rate of 
thyroprotein 
feeding 

Milk 

Huftcrfat 

F.C.M. 


(g./lOO lb.) 

(lb.) 

(.lb.) 

(lb.) 

Group 1. 

Control cows (fed according to Morrison *s maximum standard). 

J-491 

0 

5,499 

286 

6,488 

J485 

0 

5,930 

342 

7,505 

H.263 

0 

9,625 

413 

10,007 

Group B-A, Thyroprotein cows (fed according to standard). 


J-604 

0.6 

5,181 

255 

5,897 

6,979 

H-268 

1.5 

6,853 

283 

H-269 

1.5 

4,693 

199 

4,863 

7,804 

J-487 

1.0 

6,514 

346 


Group S-B. Thyroprotein cows (fed of standard last lao days). 


H-262 

1.0 

12,017 

501 

12,330 

J-488 

1.5 

5,297 

265 

6,106 

J-489 

1.5 

5,778 

344 

7,474 

J-490 

1.0 

7,020 

361 

8,226 


Group B-C, Thyroprotein cows (fed 1S5% of standard during time fed thyroprotein). 


J-496 

1.0 

7,683 

425 

9,454 

H-266 

1.0 

10,445 

464 

11,152 

H-272 

0.6 

9,055 

347 

8,823 


The T.D,N. consumed per 100 lb. of F.C.M. produced was calculated. A 
similar figure which excluded the nutrients used for weight gain was obtained 
when the T.D.N. assigned to weight gain was subtracted from the total T.D.N. 
intake. These two figures were used as a measure of gross efficiency for milk 
production. The net T.D.N. consumed per 100 lb. of 4 per cent F.C.M. pro- 
duced were calculated by deducting T.D.N. assigned to maintenance and weight 
gain from the total T.D.N. intake. This figure was used as a measure of net 
efficiency for milk production. The formulas used in these calculations and 
the method of calculating efficiency on the caloric basis also are indicated in 
table 2. 

The gross efficiency calculated by excluding only weight changes is probably 
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the most practical figure for comparing efSciency of milk productiont Control 
cows consumed about 60 lb. (range 58-62) of T.D.N. (excluding weight gain) 
to produce 100 lb. of 4 per cent F.C.M. The thyroprotein-fed cows consumed 


TABLE 2 

Effldenoy of miUc production from the 60th to SOSth day of lactation 


Cow 

no. 

P.C.M. 

produced 

T.D.N. 

consumed 

Weight 

gain 

T.D.N. 
for main- 
tenance® 

T.D.N. pet 100 lb. F.C.M. 

Corrected 
CorrectM gain & 

Totalb for weight 


50th to 305th day of lactation 


gam® 

nanced 


(16.) 

(16.) 

(J6.) 

(16.) 

(16.) 

(16.) 

(16.) 




Control cows — group 1. 




H<263 

7,660 

4,745 

85 

2,311 

62.0 

58.1 

27.9 

J-485 

5,472 

3,640 

68 

1,678 

66.6 

62.1 

31.5 

J-491 

5,036 

3,134 

50 

1,539 

62.2 

58.7 

28.2 

Av. 

S,053 

3,840 

68 

1,843 

63.6 

59.6 

29.2 




Caloric efficiency® — ^29.4% 

31.4% 

64.0% 


Cows fed thyroprotein and T.D.N. at 100% — group S-A. 


H-268 

5,380 

4,092 

11 

1,230 

76.1 

75.3 

39.5 

H-269 

3,013 

3,008 

80 

1,711 

99.9 

90.5 

33.7 

J-487 

6;014 

3,555 

21 

1,461 

59.1 

67.9 

33.6 

Av. 

4,802 

3,552 

37 

1,701 

78.4 

74.6 

35.6 




Caloric efficiency®— 23.8% 

25.1% 

53.0% 

Group Cows fed thyroprotein and T,D,N, at 1S6% during the last IBO days. 

H-262 

9,536 

5,895 

59 

2,178 

61.8 

69.6 

36.8 

J-488 

5;i23 

3,609 

0 

1,460 

70.4 

70.4 

41.8 

J-489 

6,106 

4,352 

72 

1,503 

71.3 

67.1 

41.0 

j-4eo 

6,690 

3,802 

21 

1,475 

56.8 

55.7 

33.7 

Av. 

6,864 

4,415 

38 

1,676 

65.1 

63.2 

38.3 




Caloric efficiency® — ^28.7% 

29.6% 

48.9% 


Group £-C. 

Cows fed thyroprotein and TJ>.N. at 1£6% during this period. 

H-266 

9,267 

6,014 

33 

2,056 

64.9 

63.6 

41.5 

J<496 

7,917 

4,725 

38 

1,514 

59.7 

58.0 

38.9 

Av. 

8,592 

5,370 

36 

1,785 

62.3 

60.8 

40.2 




Caloric efficiency®— 30.0% 

30.8% 

46.6% 


« Obtained bj suxuniatien of maintenance requirements calculated every ten days, 
b Column 3 x 100 


column 2 

c (Column 3) - (3.53 column 4) x 100 
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The average for all thyroprotein-fed cows was 28.1 per cent which was not sig- 
nificantly different from that of the control cows. Neither figure was signifi- 
cantly different from the value of 30 per cent as given by Brody (8). The re- 
sults of this experiment indicate that feeding a cow thyroprotein does not 
change significantly gross efficiency for milk production. 

Net efficiency for milk production has been shown to decrease as the level 
of feeding increases, but gross efficiency is essentially independent of level of 
feeding (8, 11). For this reason it is not valid to compare the values obtained 
for net efficiency of cows fed extra nutrients (groups 2-B and 2-C) with the cows 
fed at requirement (groups 1 and 2- A). 

All cows in this experiment had values for net efficiency in agreement with 
the values reported for normal cows fed at their respective levels of T.D.N. in- 
take (8). This indicates that the net efficiency for milk production based on 
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Fio. 3. KlFectB of feeding thyroprotein with different T.D.N. intakes on the average 
heart rates of the experimental animals. 

the small number of cows fed thyroprotein in this experiment is essentially the 
same as that of normal cows fed at the same level of T.D.N. intake. 

Effect on heart rate. The average heart rate of each group in relation to 
stage of lactation is presented in figure 3. Heart rates were taken with a 
stethoscope placed on the chest wall in the region of the heart. The rates were 
observed once every 6 to 10 days, but are presented in the graph as averages 
by 25-day intervals. 

All cows had heart rates near 80 beats per minute during the first 50 days 
of lactation. Then the heart rate normally decreased to near 60 at mid-lacta- 
tion and stayed near this level for the remainder of the lactation. The heart 
rate increased an average of about ten beats per minute during the first 25 days 
after thyroprotein was fed. The heart rate then decreased at an abnormally 
rapid rate in the cows that were fed thyroprotein and T.D.N. at requirement 
(groups 2^A and 2-B). However, the heart rate increase was sustained until 
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mid-lactation in the cows fed extra T.D.N. simultaneously with the thyroprotein 
and then decreased gradually. By mid-lactation the heart rate of cows fed 
thyroprotein and T.D.N. at requirement had decreased considerably and ap- 
proached the value for normal cows. After mid-lactation the cows that re- 
mained on thyroprotein and T.D.N. at requirement (group 2-A) had heart rates 
that were similar to those of normal cows. However, when T.D.N. was fed at 
125 to 150 per cent of requirement after mid-lactation (group 2-B) the heart 
rate was increased markedly and the increase persisted. Sykes et dl. (21) and 
Ritzman and Benedict (18) have shown that heart rate was affected by level 
of T.D.N. intake. 

Effect on hutterfat percentage. The butterfat tests by 10-day periods for 



Fio. 4. Effects of teedmg thyroprotein on the butterfat percentages and some values 
from the literature. 

the control group and experimental groups for Jerseys and Holsteins, and also 
some values from the literature (23), are presented in figure 4. Since there 
were few control animals in the thyroprotein experiment, butterfat tests were 
obtained from other first-lactation heifers in the herd that had received the same 
ration. This provided a larger group of control cows in each breed for com- 
parison with the cows fed thyroprotein. Data obtained by Copeland from 
monthly Jersey Register of Merit records as cited by Turner (28) were con- 
sidered a reliable standard with which to compare our butterfat tests. The 
tendency toward an increase in butterfat percentage as lactation progresses 
is evident in Copeland’s data and all our groups (fig. 4). 
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Butterfat percentages given in the literature for Holstein cows are much 
lower than the percentages for the experimental and some control Holstein cows 
in our herd. In past years the Holstein heifers in our herd have had lower 
butterfat percentages than the heifers in the herd at the present time. Hence 
the values for the standard and control Holstein group are inherently lower 
throughout the entire lactation than for the Holstein cows fed thyroprotein. 

Soon after thyroprotein feeding was started, there was a marked increase 
in the mean fat percentage in the milk of the experimental Jersey and Holstein 
cows. Average butterfat tests during the month before thyroprotein took effect 
were compared with those during the month afterwards. As judged by the “t” 
test they showed a highly significant (1 per cent level) increase after the drug 
was fed in both the experimental Jersey and Holstein groups. No other month- 
to>month changes in butterfat tests were significant except the decrease from 
the first to the second month in both the control and experimental Holstein 
groups. Comparisons of mean butterfat tests for each monthly period between 
control and experimental Jersey groups showed no significant difference by 
the *‘t** test at any month of lactation. Comparing the mean monthly butterfat 
tests of the experimental Jerseys with those taken from the data of Copeland 
(23) for R, of M. Jerseys showed no difference except for a significant increase 
(5 per cent level) for the first month of thyroprotein feeding. 

Comparing the mean monthly butterfat tests of experimental and control 
Holstein groups showed that the increase due to thyroprotein feeding was sig- 
nificant for only the first month of feeding. The results show that a significant 
increase in butterfat percentage was observed during the first 30 to 40 da^^’s of 
thyroprotein feeding. After about a month of thyroprotein feeding, butterfat 
tests of thyroprotein-fed cows were not significantly different from those of nor- 
mally fed cows. 

Bate of thyroprotein feeding. Our data do not indicate much difference 
in the amount of stimulated milk production caused by feeding thyroprotein at 
either 1.0 or 1.6 g. per 100 lb, body weight. The amount of response appears 
to be limited more by the individuality of the cow than by the difference in 
these two rates of thyroprotein feeding. It is possible that with a larger or more 
homogenous group of cows a better estimate of response in respect to dosage may 
be obtained. 

Cow J-604, when fed thyroprotein at 0.6 g. per 100 lb,, showed very little or 
no stimulation in milk production and in heart rate. However, cow H-272, fed 
thyroprotein at this same rate but with extra nutrients, showed some stimula- 
tion in milk production and in heart rate after the drug was fed. The differ- 
ence in response of these two cows to the drug may have been due to individual 
variability of the cows and/or differences in feed intake. 

It appears that feeding thyroprotein at the rate of 0.6 g. per 100 lb. is too 
low to elicit a marked response with some cows. Whether smaller amounts than 
1.0 g. per 100 lb. can produce a desirable stimulation without the feeding of 
extra nutrients is still under investigation. 
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DISCUSSION 

These experiments have verified the results that others have obtained in 
short term trials in showing that feeding thyroprotein stimulates milk produc- 
tion in most cows. In addition, individual cows evidently differ widely in their 
response to the drug, and cows that were poor producers have not been changed 
into good producers by feeding them thyroprotein. During the month after 
thyroprotein feeding was started, the P.C.M. production of the cows that were 
fed thyroprotein was 108 per cent of their pre-experimental level. The corres- 
ponding figure for the control cows was 91 per cent. This gives a difference 
of 17 per cent in the amount of milk produced during the first month of feeding 
thyroprotein. This increase is comparable to that which other investigators ob- 
served in short term trials as a result of feeding thyroprotein (3, 4, 15, 25). 

Our experiments show that the period of stimulated milk production due to 
feeding thyroprotein can be lengthened by simultaneously increasing the feed 
intake of the cow to approximately 125 per cent of requirement. Also, the 
excessive decreases in body weight that occur when thyroprotein is fed and the 
T.D.N. intake is limited to requirement do not occur when the T.D.N. intake is 
increased to 125 per cent of requirement. The first report from this station 
(13) and also the report by Hibbs and Krauss (10) pointed out that milk-pro- 
duction and body-weight changes due to feeding thyroprotein were dependent 
upon the nutrient intake of the cow. 

Our limited data on total milk production for the entire lactation do not 
answer the question of whether cows fed thyroprotein and T.D.N, at require- 
ment will produce more than those not fed the drug. Indications are that total 
production for the lactation period would not be changed markedly as a result 
of feeding thyroprotein under these conditions. However, feeding T.D.N. at 
125 per cent of requirement simultaneously with thyroprotein appears to have 
resulted in increased production for the first lactation. Whether these cows 
will continue to produce increased amounts of milk during subsequent lacta- 
tions is under investigation. The amount of stimulation obtained by feeding 
control cows T.D.N. at 125 per cent of requirement was not investigated during 
the first lactation. 

One cannot help noticing the similarity between the trends in milk produc- 
tion (fig. 1) and heart rate (fig. 3). In these experiments the responses ob- 
served in heart rate and in milk production are similar. The results indicate 
that heart rate and level of milk production are functions of stage of lactation, 
T.D.N. intake and thyroid stimulation. 

Booth et al, (6) failed to find a relation between nutrient intake and heart 
rate, which is not in agreement with our data or the data of others (18, 21). 
However, the actual T.D.N. intake of the cows used by Booth et al. was not de- 
termined. Also, it has been shown that variations in heart rate may be pro- 
duced by technics used in determining rate, stage of pregency, the drying-off 
process and other factors (2, 22). These facts could explain why Booth et al. 
(6) found no relation between heart rate and level of concentrate feeding. 

Thyroprotein administration has been reported (1, 3, 4, 6, 10) to have incon- 



THTROPROTEIN FEEDING 


289 


sistcnt effects on the butterfat percentage of the milk. Some cows have shown 
increases, while others showed no change in butterfat percentage as a result of 
receiving thyroprotein. Others (15, 16, 19, 20, 25) have stated that thyropro- 
tein or thyroxine administration increased the fat percentage of the milk. In 
this experiment about 50 per cent of the ffrst-lactation animals showed a marked 
increase in butterfat percentage after thyroprotein was fed. No animal showed 
a decrease in butterfat percentage. Evidently feeding thyroprotein inctreases 
the butterfat percentage in the milk of some cows and not of others. 

However, in comparing the butterfat tests of the cows that were fed thyro- 
protein with tests published in the literature and with tests of our limited con- 
trol group, no indication was found that thyroprotein feeding had any prolonged 
effect on fat percentage. According to our data, after the first 30-40 days of 
thyroprotein feeding there are no marked differences in butterfat tests between 
the cows fed thyroprotein and control cows. It appears that the butterfat te.st 
of thyroprotein-fed animals is increased only temporarily over that of normal 
or control animals. 

The gross efficiency for milk production of cows with and without thyro- 
protein administration was within the normal range and near the average value 
of 30 per cent as given by Brody (8). Brody further stated that the net effi- 
ciency for milk production was about 60 per cent when cows were fed T.D.N. 
at requirement. However, cows fed T.D.N. at higher levels have a lowered net 
efficiency for milk production. The values for net efficiency obtained with or 
without thyroprotein administration are similar to the values cited by Brody 
for corresponding T.D.N. intakes. Using our data to calculate the efficiency 
of milk production, the results indicate that feeding thyroprotein has not 
changed the over-all efficiency. Whether efficiency of the various metabolic 
processes has been altered cannot be determined from our data. It is interest- 
ing to note that workers (7, 24) have fed thyroprotein to pigs and found that 
efficiency of gain was reduced whenever thyroprotein was fed in amounts that 
would change the rate of gain. The decreased body weight gains and losses 
in body weight when steers and calves were fed thyroprotein (21, 22) and the 
data on pigs might indicate that the maintenance requirements of these animals 
were increased as a result of the thyroprotein feeding. One can only speculate 
whether feeding thyroprotein to the cow with the resulting increase in heart 
and respiration rates tends to change the maintenance requirement of the milk- 
ing cow without altering the over-all efficiency for milk production. 

Prom a practical viewpoint, efficiency is not altered by feeding thyroprotein 
at the rates used in this experiment. The cows in this experiment consumed 
about 60 lb. of T.D.N. to produce 100 lb. of 4 per cent P.C.M. whether or not 
thyroprotein was fed. The data indicate that normal input-output relationships 
were not disturbed, at least in the first lactation. However, the economy of 
feeding thyroprotein would depend on the relative cost of the increased nu- 
trients and thyroprotein and the relation of these costs to the value of the in- 
creased milk production. More extensive experimental work on this phase of 
thyroprotein feeding is needed. 
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For the practical dairyman there are other important factors to consider. 
The effects that thyroprotein feeding might have on production in succeeding 
lactations and on the lifetime performance of the cow are undetermined. The 
effects on reproductive performance, resistance to disease and possible pre- or 
post-natal effects on the calf must be considered. These aspects will be con- 
sidered in future reports from this station. 

SUMMART AND COI^CLUSIONS 

Thyroprotein has been fed to a group of 11 cows for the first lactation begin- 
ning 50 days post-partum and continuing an average of 300 days. The follow- 
ing observations have been made : 

1. Extra feed must be fed in order to maintain body weight and milk pro- 
duction. 

2. If extra feed is not fed, the cows show a period of stimulated milk pro- 
duction followed by a rapid decline in both body weight and milk production. 

8. When extra feed (25 per cent above requirement) and thyroprotein were 
fed simultaneously, high production was maintained throughout the lactation 
period. 

4. The gross efficiency for milk production apparently was unaltered by feed- 
ing thyroprotein. Also the net efficiency for the corresponding level of nutrient 
intake was unchanged. 

5. The fat percentage in the milk of thyroprotein-fed cows was increased 
above that of normally-fed cows for a period of only 30 to 40 days. 

6. Heart rate was increased by feeding thyroprotein. The increase was sus- 
tained throughout lactation when T.D.N. was fed at 125 per cent of require- 
ment, but the heart rate was increased temporarily, then decreased rapidly if 
T.D.N. were fed at requirement. It was pointed out that heart rate, like milk 
production, definitely was related to level of T.D.N. intake, stage of lactation, 
and thyroprotein administration. 

7. Cows that are poor producers respond less than cows that are good pro- 
ducers, so it is not possible to make a good cow from a poor cow by administer- 
ing thyroprotein. 

8. Since all the effects of feeding thyroprotein to producing dair>* cows have 
not been determined at this time there is no sound basis on which one can make 
recommendations to the practical dairyman concerning the advisability of feed- 
ing thyroprotein. 
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RATIONS CONTAINING PROTEINS OP PLANT 
AND ANIMAL ORIGIN 

OECilL BBANTON,! B. W. BBATTON, anb G. W. SAUSBUBT* 

Laboratory of Animat Breeding and Artifieiai Ineemination, 

Department of Animal Bnebandry, Cornell Dnivenity, Ithaoa, Nev> Yorh 

The effect of the source of protein in the rations of mature dairy bulls used 
in artificial breeding has received little attention in this country (14). How- 
ever, a number of Bussian workers (16, 19, 20, 28, 29) have stressed the neces- 
sity of including animal proteins in the rations of stud bulls. 

The feeding and management practices in Russia differ considerably from 
those in general use in this country. Bulls used in studs in Russia in*^ many 
instances have been fed rations very low in protein (19, 28, 29). Also, their 
practice (12, 13, 16, 20, 33) has been to use bulls periodically and collect semen 
from them much more frequently during these periods than has been done in 
the United States. Furthermore, it appears that only a few bulls have been 
studied and these for short periods of time by these workers (12, 13, 20, 28). 
Since the authors have seen only the abstracts of these papers, the experimental 
designs employed cannot be evaluated. 

Although the Russian workers have concluded that the animal proteins con- 
tained in blood meal and skim milk caused marked improvement in sperm re- 
sistance and concentration and apparently affected spermatogenesis favorably, 
the authors believe these conclusions are open to question. Bratton (7) found 
that for dairy cows, protein quality apparently was of little practical impor- 
tance when the ration consisted of common roughages and concentrates. Tank- 
age, fish meals and dried blood meal have been compared with vegetable pro- 
tein supplements such as soybean oil meal, cottonseed meal and linseed meal in 
the ration of lactating dairy cows (2, 3, 4, 1l7). Milk production was either 
slightly lower or about equal for the cows fed the animal proteins as compared 
to the production of the cows fed the protein supplements of vegetable origin. 
Recent studies (8, 10, 11, 21, 32, 34, 35, 36) have shown that proteins may be 
synthesized by the bacteria of the rumen from simple nitrogenous compounds 
such as urea and some ammonium compounds. Such evidence suggests there 
should be no advantage in feeding animal proteins as compared to vegetable 
proteins as supplements in the ration of dairy bulls when the level of digestible 
protein is adequate. 

Because the evidence published by the Russian investigators (16, 19, 20, 28, 
29) was not conclusive and seemed to be contradicted by the investigations on 
quality of protein for the dairy cow and experiments involving the synthesis 
of proteins in the rumen, the experiment reported herein was undertaken. The 
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purpose of this investigation was to relate differences in measurable semen 
characteristics and relative fertility of dairy bulls used routinely in artificial 
insemination to concentrate mixtures containing primarily either animal or vege- 
table sources of supplementary protein. 

EXPERIMENTAL METHODS AND MATERIALS 

Fjeeds used. Since cereal grains and their by-products are decidedly in- 
ferior to such food as milk in the quality of protein contained and since the 
proteins of corn grain are low in lysine and tryptophane (18), an all-cereal 
concentrate mixture containing corn gluten feed as the protein supplement was 
chosen for study. In contrast, skim milk powder, which contains an abundance 
of protein of exceptionally high quality and which supplements so as to correct 
the deficiencies in the proteins of the cereal grains, was chosen as an animal source 
of supplementary protein. Soybean oil meal, though of plant origin, is espe- 
cially rich in protein, and its protein is of excellent quality (18). Therefore, 
it was chosen as representative of a good plant protein. Timothy hay w'as used 
as the only roughage because it is low in protein, is readily available and is not 
recommended by Morrison (18) when a feed such as corn gluten feed, corn 
gluten meal, brewers* dried grains or distillers* dried grains is the protein sup- 
plement. 

In a previous study reported hy the authors (6), it was found that a concen- 
trate mixture containing approximately 12 per cent protein, when fed with 
mixed hay, supplies sufficient protein for the maintenance of body weights as 
well as semen production of bulls. However, since timothy hay was selected 
instead of mixed or legume hay and since comparisons between protein supple- 
ments were being made, the concentrate mixtures were made to contain approxi- 
mately 16 per cent protein (calculated). Also, it was reported by these authors 
(6) that T. D. N. intakes of approximately 110 per cent of the recommended 
maintenance requirements for dry dairy cows of equivalent weights (18) were 
required to maintain the body weights of bulls. The amounts of roughage and 
concentrates were adjusted to furnish this level of T. D. N. intake, with ap- 
proximately 40 per cent of the T. D. N. intake furnished by the concentrates. 

The ingredients used to make up each of the concentrate mixtures, the chem- 
ical analyses of each mixture and that of the hay, and the cost per ton of each 
concentrate are given in table 1. 

The feeding schedule for each bull was based on initial body weight. This 
schedule was not altered as a consequence of subsequent changes in body vreight 
of individual bulls during the three experimental periods. 

Management of hulls. All bulls were exercised daily in a small dry lot or 
on a mechanical exerciser. The latter exercise was equivalent to a slow walk 
for approximately 1 mile. Throughout the experiment, each bull was used for 
service approximately once every 13 days, at which time one, two or three 
ejaculates were collected. Occasionally a fourth ejaculate was collected. 

The experimental design. For the study of the three protein supplements, 
a ^^double change over” design, as described by Cochran et al, (9), involving 
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three 120-day periods, was employed. One A 3 Tshire, eleven Holstein-Friesian, 
and six Guernsey bulls, averaging 7.64 ± 0.44* years of age and 1866 ± 67* lb. 
in body weight, were selected from the stud of the New York Artificial Breeders’ 
Cooperative, Inc., on the basis of their previous semen production and fertility 
records and the likelihood that they would remain in active service throughout 
the 360-day experiment. Assignment to the six groups was made on the basis 
of information available concerning each bull's semen production, fertility and 
body weight. The assignment of the sequences of the concentrate mixtures A, 
B and C to each bull was done in the manner described by Cochran et al. (9). 

TABLE 1 


Ingredients and chemical composition of the concentrate mixtures and hag 



Concentrate mixtures 

ABC 

Hay 

timothy 

Ingredients 

(16.) 

(16.) 

(16.) 


Hominy feed 

635 

760 

820 


Qround oats 

500 

610 

660 


Wheat bran 

200 

200 

200 


Soybean oil meal 



280 


Skim mUk powder 


390 



Com gluten feed 

625 




Steamed bone meal . . 

20 

20 

20 


Salt 

20 

20 

20 


Total 

2000 

2000 

2000 


Ohemical composition* 

(%) 

(%) 

(%) 

(%) 

Moisture 

10.49 

10.16 

14.46 

7.76 

Crude protein 

14.00 

14.78 

14.73 

6.03 

Ether extract 

3.69 

3.12 

2.08 

1.46 

Crude fiber 

8.87 

, 6.12 

8.17 

39.23 

Nitrogen-free extract . . 

57.15 

60.06 

55.35 

41.77 

Akh 

5.80 

5.76 

5.21 

3.75 

Total 

100.00 

100.00 

100.00 

100.00 

Total digeetible nutrients (%)■> 

76.13 

77.60 

77.05 

51.60 

Cost per ton (dollars)* 

70.60 

120.50 

71.20 



• By analysis. 

By calculation. 

•Actual cost at time of experiment. 


The experimental design employed randomly distributed the seasons of the year 
throughout the treatments. 

Measurements of the results. The following criteria were used to evaluate 
the semen samples: volume, per cent of motile spermatozoa (5), nnunant ra t ion 
(numbers of spermatozoa per mm.*) (25), and methylene blue reduction time 
(87). Bach semen sample which met the specifications for use in artificial in- 
semination was diluted with yolk-citrate-sulfanilamide diluent (27) and shipped 
by the Cooperative to its afSliated local units throughout New Tork State for 

* Btaadfwd error of mean. 
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use in inseminating cows. Semen samples which did not meet the specifica- 
tions for shipment were discarded. This fact itself was used as an additional 
over-all criterion of semen quality. 

The semen dilution rates employed varied from 1 : 30 to 1 ; 125, depending 
on the need for semen on any particular day. These varying rates were not 
confounding factors within the experiment, as has been shown by investigations 
of S«isbury (24, 26). 

The fertility of the semen samples was determined from the number of serv- 
ices to cows being bred artificially for the first time or for the first time after 
calving and whether or not these cows returned to artificial service during a 
period of 60 to 90 days. Fertility is expressed as the per cent non-returns 
to first services. 

In order to establish the initial body weight and an indication of body 
weight changes of each bull, the bulls were weighed on 3 consecutive days at the 
beginning of the experiment and at the end of each 120-day experimental period. 

“ Data were recorded routinely on the characteristics of each ejaculate of 
semen produced by each bull at each collection period, on the fertility of the 
semen used for insemination and on the changes in body weights of the bulls. 
For the statistical analyses of the semen characteristics, the values for each 
ejaculate were used as single observations. Since the number of ejaculates per 
bull varied, the significance of treatment differences was tested after correcting 
for unequal subclass numbers in the analysis of variance (15, 31). 

results and discussion 

The results of the investigation are presented in three parts, namely, the 
characteristics of the semen produced, the fertility of the semen used and the 
changes in body weights of the bulls. 

Characteristics of the semen. The number of ejaculates and the mean values 
for the different characteristics used in the evaluation of the semen are shown 
in table 2. These means represent first, second, third and, in a few instances, 
fourth ejaculates. 

The analyses of variance of the data on the semen characteristics revealed 
that except for significant differences between individual bulls, groups of bulls 
and experimental periods, all of which were expected, the only significant dif- 
ference for treatments was between the average volume per ejaculate produced 
by the bulls on concentrate mixtures A or ^ as compared to those on concen- 
trate mixture C, Although the average volume of the ejaculates of the bulls on 
concentrate mixture C was significantly lower (at the 1 per cent level of prob- 
ability) than that of the bulls fed either mixture A or B, this was not consid- 
ered to be a difference of any practical importance. The results as shown in 
table 2 are interpreted to mean that corn gluten feed, skim milk powder or 
soybean oil meal as protein supplements in the concentrate mixture fed with 
timothy hay to bulls used routinely in artificial insemination are of equal value 
for semen production. 



296 


CECIL BRANTON ET AL. 


TABLE 2 

Suvmary of semen oharaoteristios 

Semen characteristics 


Number Methy- 


Concentrate mixture 


Vol. 

Motile 

sperm 

of 

sperm 
per mm.” 
semen 

lene 
blue re- 
duction 
time 

Ejacu- 

lates 

shipped 



(ml.) 

(%) 

(X m) 

(min.) 

(%) 

A — Com gluten feed 

Mean 

. 

6.33 

72.8 

1160 

5.75 

68.0 

Number of ejaculates 


253 

253 

253 

229 

253 

B-— Skim milk powder 

Mean 

.. 

6.39 

69.5 

1159 

5.48 

65.2 

Number of ejaculates 



260 

256 

258 

226 

259 

C — Soybean oil meal 

Mean 


5.85 

69.4 

1133 

5.71 

61.3 

Number of ejaculates 



279 

275 

277 

239 

279 


These findings are in agreement with those of Eeid et al. (22, 23) who com- 
pared the effect of feeding a simple concentrate mixture containing ground 
yellow corn, beet pulp, corn gluten meal, cane molasses and iodized salt with 
that of feeding a complex mixture containing linseed meal and soybean meal 
as the protein supplements on the semen production of young bulls. These 
workers (23) report that ^‘regardless of the diet fed, the concentration of sper- 
matozoa in semen, the initial motility, the degree of livability, the size of the 
spermatozoa, the quantity of total reducing substances, reducing substances in 
oxidized state, potential reducing capacity, luscorbic acid, and the initial pH of 
the semen of bulls” from 18 to 33 months of age were similar. However, it 
should be pointed out that these investigators (22, 23) fed no protein supple- 
ment of animal origin, and they were not dealing with mature dairy bulls. 

On the other hand, the results reported in this paper do not confirm those 
of the Russian investigators (16, 19, 20, 28, 29). 

Fertility of the semen used. Fertility data were obtained only on those 
ejaculates meeting the relatively high standards of semen quality required by 
the New York Artificial Breeders' Cooperative, Inc. These data, presented 
in summary form in table 3, show, by treatments, the total number of first serv- 

TABLE 3 

Summary of fertility data 


Treatments 


Fertility criteria 

Total first Total 60-^0-day % 60-90>day 

services non-returns non-returns 


Concentrate mixture: 

A-*-Com gluten feed 15,827 10,058 

B^kim milk powder 16,692 10,285 

0— Soybean oil meal 15,252 10,026 


63.5 

61.6 
65.7 
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ices, the total number of 60-90-day iion-retums and the calculated per cent non- 
returns. When the per cent non-returns for each semen sample was used as 
a single observation, the analyses of the variance showed that the semen used 
from bulls fed concentrate mixture C (soybean oil meal as the protein supple- 
ment) gave an average fertility level that was significantly higher at the 1 per 
cent level of probability than that from the bulls fed concentrate mixture B 
(skim milk powder as the protein supplement). However, the average differ- 
ence in fertility of the semen from bulls on all three of the concentrate mixtures 
was small. 

The authors have no explanation as to why the fertility of the semen from 
bulls receiving the concentrate mixture containing skim milk powder as the 

TABLE 4 


Initial body weights and body weight changes 


Bull 

Initial 
body weight 

Body weight changes (Initial minus end of period)* 

End of period 1 

End of period 2 

End of period 3 


(lb.) 

(lb.) 

(.lb.) 

(16.) 

1 

1898 

62 

82 

-55 

2 

1975 

65 

57 

-82 

3 

1525 

29 

101 

-38 

4 

2094 

- 5 

74 

-25 

5 

1959 

56 

139 

-17 

6 

1945 

-22 

37 


7 

2044 

96 

146 

-12 

8 

1959 

-23 

86 

1 

9 

2013 

90 

39 

-28 

10 

2123 

5 

19 

-89 

11 

2207 

63 

109 

-97 

12 

2441 

12 

101 


13 

1421 

64 

19 

-19 

14 

1623 

47 

79 

-16 

15 

1559 

-27 

19 

-47 

16 

1695 

5 

99 

18 

17 

1642 

8 

113 

-52 

18 

1458 

- 4 

84 

- 5 

Means 

1866 

29 

78 

-35 


» Body weight changes were based on the weight at the beginning of the experiment. 


protein supplement was the lowest. Certainly, there appears to be no advan- 
tage of feeding skim milk powder as a protein supplement instead of corn 
gluten feed or soybean oil meal for periods of 120 days to bulls used for arti- 
ficial breeding when these bulls are receiving timothy hay as the only roughage. 
Since the cost of the concentrate mixture containing the skim milk powder is 
almost twice that of either of the other concentrate mixtures (table 1), these 
findings are of economic importiince. 

Body weight changes. The initial body weight and body weight changes for 
individual bulls, and the respective means for all bulls used in this experiment 
are given in table 4. 

As stated previously, an attempt was made in this study to maintain body 
weights of the bulls by feeding at the rate of 110 per cent of the recommended 
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T. D. N. requirements for the maintenance of dry dairy cows. As shown in 
table 4, the body weight changes during periods 1 and 2 were mostly increases, 
but during period 3, mostly decreases. The reason for the decrease in body 
weight of practically all the bulls during the last experimental period is not 
apparent, since the composition of the concentrate mixtures and the quality of 
the timothy hay fed appeared to be about the same through the experiment. 
However, the last period was during the warm months, June, July, August, 
September and October. 

SUMMARY 

Using 18 bulls, 11 Holstein-Friesians, 6 Guernseys and 1 Ayrshire, studies 
were conducted relating differences in measurable semen characteristics and 
relative fertility to concentrate mixtures containing corn gluten feed, skim milk 
powder or soybean oil meal as the protein supplement when fed with timothy 
hay as the only roughage. 

The results, as judged by the averages for volume of semen per ejaculate, 
per cent of motile spermatozoa and their rates of motility, the number of sper- 
matozoa per mm.” of semen, the methylene blue reduction time and the per 
cent of usable samples during a 120-day period, showed that com gluten feed, 
skim milk powder and soybean oil meal were approximately equal in value as 
protein supplements in the concentrate mixture. 

Based on 60 to 90 days non-returns to first service cows, the average fertility 
levels of the semen produced when the bulls were fed corn gluten feed, skim 
milk powder and soybean oil meal were 63.5, 61.6 and 65.7 per cent, respectively. 
While the average per cent non-returns was significantly higher during the 
periods when soybean oil meal was fed as compared to the periods when skim milk 
powder was fed, the difference was relatively small and it is doubtful whether 
any real advantage lies with the soybean oil meal. In these studies, animal 
protein was not superior to the plant proteins. The monetary economy of the 
particular plant protein sources used in these trials was much greater than for 
the animal protein source. 

A T. D, N. intake of 110 per cent of Morrison’s recommended requirements 
for the maintenance of dry dairy cows of equivalent weight resulted in con- 
sistent body weight increases for all bulls during the first 240 days but con- 
sistent decreases during the last 120 days of the experiment. While the de- 
creases occurred during the summer and early fall months, it was not definitely 
established whether the observed decreases represented a true cause and effect 
relationship. 
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A STUDY OF THE USE OP THE ANTIOXIDANT NORDIHYDROGUAIA- 
RETIC ACID IN DAIRY PRODUCTS. III. ITS ANTIOXYGENIC 
PROPERTIES IN SWEETENED FROZEN CREAM 

J. W. STULL, E, O. HEBREID, AND P. H. TRACY 
Department of Food Technology, Vniveraity of Illinois, Urhana 

Sucrose sometimes is added to cream which is to be stored frozen in order to 
lessen the undesirable destabilizing efre(5t on the fat emulsion during freezing 
and thawing (3, 4, 6, 8, 9, 10, 13). Furthermore, some investigators (7, 9, 12) 
have found that added sucrose will retard slightly the development of oxidized 
flavor. 

It has been shown (11) that nordihydroguaiaretic acid (NDGA) will retard 
the development of oxidized flavor in unsweetened frozen cream. The work re- 
ported herein consists of a study in which NDGA was used to retard the de- 
velopment of oxidized flavor during the storage of sweetened frozen cream. 

EXPERIMENTAL PROCEDURE 

Cream of both high and low quality was used in this study. Standard plate 
count (1), acidity and pH w,ere the quality criteria (table 1). 


TABLE 1 

The standard plate count, titratahle acidity and pB of the raw and pasteurised cream 



Low f|uality 

High quality 

Eaw Cream 

Series A 4" B 

Series E 4" F 

Series C 4^ D 

Series G 4r B 

Standard plate count/inl. 

1,000,000 

600,000 

135,000 

180,000 

Titratahle acidity (as % lactic acid) 

0.19 

0.18 

0.125 

0.13 

pll (25** C.) 

6.70 

6.70 

6.90 

6.80 

Pasteurized Cream 

1$0^ F, 

170^ F. 

150^ F. 

170^ F, 

Standard plate count/ml. 

5,500 

500 

300 

400 

Titratahle acidity (aa % lactic acid) 

0.19 

0.17 

0.13 

0.13 

pH (25- C.) . 

6.65 

6.70 

6.75 

6.90 


The different batches of cream were standardized to contain 40 per cent milk 
fat and 10 per cent sucrose. NDGA was added before pasteurization as a 15 
per cent solution in propylene glycol or as a 5 per cent water suspension. The 
concentrations of NDGA were computed on the basis of the fat content of the 
cream. When used, copper was added before pasteurization at a concentration 
of 0.5 p.p.m. as a 0.5 per cent aqueous solution of copper sulfate. 

The cream was pasteurized in well-tinned equipment, cooled to 40 to 45® F., 
sealed in tinned cans holding 300 ml. and stored at - 12 to - 20® F. To examine 
for monthly flavor defects the frozen cream was thawed by holding it 24 hours at 
40® F. It was then held at 40® F. for 1 week and again examined for flavor 
defects. The judging panel consisted of three or more persons. 

Received for pubUeation October 26, 1948. 
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RESULTS 

The data in table 2 are typical of results obtained with cream placed in 
storage during January and February. There were no significant differences in 
the antioxygenic effectiveness of the NDGA when added in propylene glycol 
solution and when added in a water suspension. Therefore, the di^a presented 
in table 2 include only^results from cream treated with NDGA in propylene 
glycol solution. 

The effect of concentration of NDOA, A concentration of 0.005 per cent of 
the antioxidant was more effective than one of 0.00125 per cent. This is shown 
in the results obtained with the cream of series D (table 2) at the end of 12 
months and the cream of series B after storage for 8, 10 and 12 months. In the 
former case, oxidized flavor was present at the end of storage for 12 months at 
sub-zero temperatures plus 1 week at 40® P. in the cream containing 0.00125 
per cent NDGA, but was not present in the cream which contained 0.005 per 
cent NDGA. In the latter case, oxidized flavor was present at the end of 
storage for 8 months at sub-zero temperatures in the cream containing 0.00125 
per cent NDGA but was not detected in the cream containing 0.005 per cent 
antioxidant until the end of 12 months; at that time the intensity of the off 
flavor was less in the sample containing 0.005 per cent NDGA. 

The effect of pasteurization temperature^ Oxidized flavor development was 
retarded by pasteurization at 170® F. for 15 minutes. This substantiates the 
results obtained in other investigations dealing with the factors affecting the 
keeping quality of frozen cream (2, 5, 11). 

Oxidized flavor was present after 2 months in the control sample of series B 
while it did not develop during storage at sub-zero temperatures until after 10 
months in the similar cream (series P) which was pasteurized at 170® P. for 
15 minutes. There was no oxidized flavor in the cream of series G, while the 
off-flavor was present at the end of 8 months storage in the control sample of 
the cream (series C) pasteurized at 150® P. for 30 minutes. The oxidized 
flavor was present after storage for 2 months in the control sample of series D 
while there was no development of typical oxidized flavor in the control sample 
of the similar cream (series H) pasteurized at 170® P. for 15 minutes. 

While keeping quality of the control samples of the cream pasteurized at 
170® P. for 15 minutes was superior to those pasteurized at 150® P. for 30 
minutes, the former had a cooked flavor which persisted throughout the storage 
period. The keeping quality of the cream which was pasteurized at 150® P. 
for 30 minutes and which contained NDGA was comparable to that of the cream 
pasteurized at 170® P. for 15 minutes but which contained no added antioxidant 

The effect of quaUty of the cream. Oxidized flavor was present at the end 
of 8 months storage in the control sample of the high-quality cream of series C 
which contained no added copper, whereas there was no oxidized flavor develop- 
ment in the similar low-quality cream (series A). There was a similar differ 
ence in the keeping quality of the low- and high-quality cream containing added 
copper (series B and D, respectively). 



TABLE 2 

The antioxidant effect of NDGA added to sweetened cream stored at snb-sero temperatures 
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In the case of cream pasteurized at 170® P. for 15 minutes, there was little 
difference in the keeping quality of the high- and low-quality cream. The con- 
trol sample of the low quality cream (series P) developed oxidized flavor at 
the end of storage for 10 months but the similar high quality cream (series H) 
did not develop the typical oxidized flavor during 12 months storage. 

In the study, therefore, the low quality cream which was pasteurized at 150® 
P. for 30 minutes had a better keeping quality than the high quality cream 
pasteurized in the same manner. In the case of cream pasteurized at 170® P. 
for 15 minutes, the high quality cream had better keeping quality than the low 
quality cream pasteurized in the same manner. 

The effect of holding the thawed cream at 40^ F. for 1 week. Oxidized 
flavor sometimes developed in the cream which was held at 40® P. for 1 week 
although it did not have that off-flavor when it first was taken out of storage at 
sub-zero temperatures. This relationship was illustrated in the sample con- 
taining 0.00125 per cent NDGA in series B at the end of 12 months, in the con- 
trol sample of series G at the end of 2, 4 and 6 months, and in the control 
sample of series P at the end of 4, 6 and 8 months. 

After storage for 1 week at 40® P., oxidized flavor usually increased in in- 
tensity in the control samples which had that off-flavor when they first were 
taken out of storage. This is the case in the control samples of series B at the 
end of 4, 6, 8, 10 and 12 months, series C at the end of 8, 10 and 12 months, 
series D at the end of 2 months and Series P at the end of 10 and 12 months. 
However, the intensity of oxidized flavor did not increase during storage at 40® 
P. in the samples which contained NDGA. This is shown in series D at the 
end of 8, 10 and 12 months in the cream containing 0.00125 per cent NDGA and 
at the end of 12 months in the cream containing 0.005 per cent NDGA. 

CONOLTTSIONS 

1. Concentrations of 0.00125 to 0.005 per cent (butterfat weight basis) nordi- 
hydroguaiaretic acid were found to retard the development of oxidized flavor 
in sweetened frozen cream during storage for 12 months. 

2. In the absence of added copper, the keeping quality of the cream which 
contained nordihydroguaiaretic acid and was pasteurized at 150° F. for 30 
minutes was comparable to that pasteurized at 170° P. for 15 minutes but to 
which the antioxidant had not been added. 

3. In this study, the low quality cream pasteurized at 150° P. for 30 min- 
utes had a better keeping quality than the high quality cream similarly pas- 
teurized. 

4. During storage for 1 week at 40° P., oxidized flavor developed frequently 
in the control samples which did not have the off-flavor when they first were 
taken out of storage at sub-zero temperatures. This development of oxidized 
flavor occurred only in one instance in the cream which contained nordihydro- 
guaiaretie acid. 

5. During storage for 1 week at 40° P., the intensity of oxidized flavor 
usually increased in the control samples which had the off-flavor when they 
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first were taken out of storage at sub-zero temperatures. This did not occur 
in the oxidized samples which contained nordihydroguaiaretic acid. 
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THE RELATIONSHIP OP ASCORBIC ACID TO THE DEVELOPMENT 
OP OXIDIZED PLAVOR IN MARKET MILK 

W. H. CHILSON, W. H. MABTIN, and D. B. PAEBISH 
Kansas Agricultural Basperiment Station 

The flavor known as oxidized and often called cappy, cardboard, oily or tal- 
lowy, is one of the most troublesome off flavors in milk, especially during the 
winter months. Although much work has been done on oxidized flavor during 
the past quarter century, neither the cause nor the remedy of the defect has 
been determined satisfactorily. Data recently published seem somewhat con- 
tradictory to previous work on oxidized flavor. This study was conducted to 
gain more knowledge of the causative factors involved in the development of 
the oxidized flavor of milk and to seek some practical control measures. 

BEVIEW OF LITERATURE 

This review will include only the work which seems to have a direct bearing 
upon this particular study. 

After reviewing past research on the development of oxidized flavor in 
milk. Brown and Thurston (1) concluded that copper, sunlight and the pres- 
ence of oxygen promote the development of oxidized flavor. Milk known as 
spontaneous” milk will develop an oxidized flavor without the aid of either 
copper or light. Ascorbic acid and other anti-oxidants were found to retard 
or inhibit the development of oxidized flavor when added to milk. Their re- 
view of some research indicates several other factors such as feed, temperature 
and season that may be involved in the production or inhibition of oxidized 
flavor under commercial conditions. A more recent review by Greenbank (6) 
summarizes the early work and emphasizes newer research and theories. The 
possible role of ascorbic acid in the development and inhibition of oxidized flavor 
is well presented in this review. 

Beck et at. (2) found a marked relationship between color intensity or caro- 
tene content of milk and its susceptibility to oxidized flavor, the higher caro- 
tene milk being less susceptible. They were successful in preventing oxidized 
flavor in raw milk by feeding a concentrate containing as little as 206 mg, of 
carotene per head daily to cows that consistently had been producing milk with 
this off flavor. 

Josephson et ah (7) found that under experimental conditions of exposing 
milk to sunlight, the loss of ascorbic acid was rapid, with only insignificant 
quantities remaining after 30 minutes. Even in the shade the loss of this vita- 
min was quite rapid. In their survey of route deliveries they found that 70 
percent of all retail milk is removed from the doorstep within 5 minutes after 
delivery, or is protected from light. The loss of ascorbic acid was found to 
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be considerable while the milk was in transit if not properly protected from 
direct light. 

Ghilson (3) found that by adding ascorbic acid to pasteurized milk proc- 
essed under laboratory conditions the development of the oxidized flavor could 
be retarded for several days. He suggested that an enzyme was present in 
skim milk which catalyzed the oxidation of the fat, since the oxidized flavor 
did not develop in milk prepared from skim milk which had been heated to 
170® F. for 30 minutes and then mixed with unheated cream. He also re- 
ported no appreciable loss of ascorbic acid when milk was heated to 200® F. 
and held for 30 minutes, but about 7 per cent loss occurred when milk was held 
at 143® F. for 30 minutes. It was assumed that the heating of milk to above 
170® F. destroyed the oxidizing enzyme which was responsible for the destruc- 
tion of ascorbic acid and the development of this off flavor. 

Gjessing and Trout (4) found that milk pasteurized at 67® C. (167® F.) for 
30 minutes exhibited marked stability of ascorbic acid with no development of 
oxidized flavor after storage for 3 days, even when 0.13 mg. of copper per 1. had 
been added. They believed that the protection was due to the liberation of sul- 
phides and other reducing agents at this high temperature. 

Olson and Brown (9) have demonstrated that washed cream from sus- 
ceptible milk does not develop ^n oxidized flavor when contaminated with copper 
and stored for 3 days. However, when washed cream from the same source, 
likewise contaminated with copper, was fortified with ascorbic acid, a strong oxi- 
dized flavor developed. 

More recent work by Krukovsky and Guthrie (8) has shown that complete 
and rapid destruction of ascorbic acid by light or hydrogen peroxide will pre- 
vent the development of an oxidized flavor. These workers also have shown 
that ascorbic acid is an important link in a chain reaction promoting oxidation 
of milk fat. 

Greenbank (5) explains the effect of either addition or destruction of as- 
corbic acid in relation to changes in the oxidation-reduction potential. The 
ability of a sample of milk to develop an oxidized flavor seems to be related 
closely to the Eh value and the poising action of the milk. However, some 
workers do not consider the 0-R potential as a reliable index to oxidized flavor 
development (10). 

METHODS 

In preliminary studies prior to the organization of this experiment, six lots 
of milk collected during November and December were treated with 1.5 g. of 
ascorbic acid per 100 lb. of milk. These samples were stored for 5 days and 
examined for oxidized flavor after 0, 2, 3 and 5 days. The six control samples 
developed a distinct oxidized flavor by the fifth day or earlier, while no oxi- 
dized flavor was detectable in any samples treated with ascorbic acid. In these 
comparisons no chemical analyses were made to determine the amounts of as- 
corbic acid present or the rate of destruction during storage. 

In the first part of this investigation the relationship between the destruc- 
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tion of asoorbic acid in milk and the incidence of oxidized flavor was studied. 
The two trials, each consisting of four split batches of milk, represented a com- 
parison between milk fortified with ascorbic acid and non-fortified milk. The 
first trial was conducted in February and March when the cows were on winter 
feed and the second trial in April and May when the cows were on grass. 

In the second part of this investigation the effect of subjecting the milk to 
various light exposures upon the ascorbic acid content and the incidence of oxi- 
dized flavors was studied. All milk used was fortified with ascorbic acid as de- 
scribed above. In three trials the ascorbic acid content was determined before 
and after exposure to light, and each sample was analyzed for ascorbic acid 
and tasted for oxidized flavor daily during the 5-day storage period. 

In the third part of the investigation the incidence of oxidized flavor was 
compared when samples were treated by adding 30 mg. of ascorbic acid per 1. 
of milk to inhibit development of the flavor, and when the ascorbic acid was 
destroyed by exposure of the milk to intense sunlight or by oxidation resulting 
from the addition of 0.1 ml. of 30 per cent hydrogen peroxide per 1. of milk. 
The effect of sunlight upon flavor also was tested by subjecting to sunlight tlie 
milk in which the ascorbic acid had been destroyed through the addition of 
hydrogen peroxide. The exposure to direct sunlight was for 0.5 hour in each 
instance. 

In the fourth part of this investigation a preliminary test was made, whereby 
samples of milk were subjected to conditions similar to those of commercial 
handling and retail delivery. In the first trial, milk fortified with ascorbic 
acid was stored 24 hours, then carried in a covered delivery truck in standard 
bottle cases for 3 hours (5 to 8 a.m.) and then exposed to daylight in the shade 
for 0.5 hour (8 to 8:30 a.m.). Ascorbic .acid determinations were made after 
each successive treatment and the milk was examined for oxidized flavor after 
storage for 3, 5 and 7 days. In the second part of the trial three quarts of 
unfortified milk were taken from the bottle filler ; one quart was placed in stor- 
age as a control, and two quarts were carried on the delivery truck from 9 : 30 
a.m. to 12 noon. Then one bottle was placed in the shade for 1 hour while the 
other bottle was subjected to direct sunlight for 15 minutes. 

The milk used for comparisons was pasteurized by the holder method. All 
equipment used was of stainless steel construction except the cooler which was 
tinned copper with no copper exposed. Samples were stored for from 0 to 7 
days in a cabinet refrigerator at 35 to 40® F. and protected from light. The 
ascorbic acid content of the original milk and the milk at selected periods dur- 
ing storage was determined by the method of Woessner et al (11). All sam- 
ples were tested organoleptically by two experienced judges of milk flavors at 
the same period when analyzed for ascorbic acid content. The ascorbic acid 
was added to the milk in the vat after pasteurization previous to cooling, at 
the rate of 1.5 g. per 100 lb. of milk. Ascorbic acid powder, sufficient for 100 
gallons of milk, was dissolved in a pint of water before being added to the milk. 
The milk used was from the Kansas State College herd and had been found 
susceptible to the development of oxidized flavor. 
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RESULTS 

Both the control milk and the ascorbic acid fortified milk averag:ed sli|jhtly 
hifrher in ascorbic acid content when the cows were grass-fed than when cows 
were fed winter rations (table 1). However, the addition of 1.5 g. of ascorbic 
acid per 100 lb. of milk increased the ascorbic acid content of the fortified milk 
to approximately three times that of the control milk in both trials. The aver- 
age losses of ascorbic acid in the two trials with control milk were quite simi- 
lar; they w’ere in excess of one-fifth of the original content after one day’s 
storage, about one-half by the second day, three-fourths by the third day, and 
more than 90 per cent after 5 days’ storage. Although more milligrams of as- 
corbic acid were lost daily in the fortified milk than in the non-fortified, in 
general, the percentage loss was at a much leas rapid rate. The average losses 
with fortified milk were quite similar in both trials; the loss during the first 
day of storage was less than one-tenth in both trials, slightly more than one-fifth 
for both trials after 2 days, about one-third by the third day, and about one- 
half of the original after 5 days of storage. Even after 5 days of storage, the 
fortified milk contained about one-half more ascorbic acid than the control milk 
contained originally. No oxidized flavors were detected in the fortified milk 
during a 5-day storage period in the first trial or during a 7-day storage in the 
second trial. However, in the ^control samples, oxidized flavors began to de- 
velop on the second day of storage and became increasingly frequent with 
longer storage periods. These results indicate that the addition of 1.5 g. of 
ascorbic acid to 100 lb. of milk was sufficient to inhibit the development of oxi- 
<lized flavor during a normal storage period. The general effect of grass feed- 
ing was to delay the appearance of oxidized flavor by 1 additional day. This 
could be of considerable importance in commercial milk distribution. 

Results of three trials to determine the effects of various periods of ex- 
posure and various intensities of light upon the ascorbic acid content of forti- 
fied milk are shown in table 2. In trial I, exposure of milk for 1 hour in the 
shade caused an immediate reduction from 38.3 to 23.2 mg. (about 40 per cent) 
in the ascorbic acid content, w^hile exposure for the same period to direct sun- 
light caused a reduction from 38.3 to 8.6 mg. (about 78 per cent). Further 
reductions in ascorbic acid occurred throughout the period of storage. Oxi- 
dized flavors wrere detected on the third day of storage in milk that had been 
exposed to daylight in shade, but milk exposed to direct sunlight had a pro- 
nounced oxidized flavor after only 1 day of storage. 

In trial 11 exposure of milk to daylight on a cloudy day for one-half hour 
caused a loss from 43.6 to 27.9 mg. (about 36 per cent) of the ascorbic acid 
present, and oxidized flavor developed after only 1 day of storage. The in- 
stability of ascorbic acid when milk is exposed to direct sunlight was measured 
in more detail during trial III. Milk exposed for 5 minutes lost approximately 
half of its ascorbic acid, and milk exposed 20 minutes lost about 90 per cent, 
while milk exposed for 40 minutes lost practically all ascorbic acid. The oxi- 
dized flavor was detected after storage for 1 day of milk which had been ex- 
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• Figure indicates number of samples in each classification. 

^ — indicates no oxidized flavor. 

* +, -H*, -H+, -144+ indicate increasing intensity of oxidized flavor. 
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d Ascorbic acid content of stored samples not determined, 
c - indicates no oxidized flavor. 

^+, ++, +++, -f-m- indicate increasing intensity of oxidized flavor. 
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posed 5, 10 or 20 minutes. On succeeding days of storage the oxidized flavor 
became more pronounced. No oxidized flavor was detected in any of the stored 
samples of milk which had been exposed 40 or 60 minutes to direct sunlight. 
It would seem that the rapid and rather complete reduction in the ascorbic acid 
content of the milk tended to inhibit the development of the oxidized flavor. 
These latter samples had a pronounced cooked or burnt flavor after 24 hours 
of storage, but the off flavor gradually disappeared as storage time was ex- 
tended. 

Erukovsky and Quthrie (8) have reported that oxidized flavor in milk can 
be inhibited by the complete destruction of ascorbic acid through either ex- 
posure of the milk to direct sunlight or the addition of hydrogen peroxide to 
the Tfiilk to oxidize the ascorbic acid. A preliminary trial was conducted to 
compare ascorbic acid-fortified milk with milk having all the ascorbic acid re- 
moved by the use of either hydrogen peroxide or sunlight (table 3). The 


TABLE 3 

The relaiionahip of aseorhie add, hydrogen peroxide, and sunlight to the development of 

the oxidized flavor 


Sample 


Days stored 

Ascorbic 

acid/1. of 1 2 3 5 

milk 1 

Oxidized flavor value 


(mg,) 

1. Control milk 

2. No. 1 + 30 mg. ascorbic acidA 

3. No. 1 + 0.1 ml. 30% H,0,/1. U 

4. No. 2 + 0.1 ml. 30% H,0^1. 1.6 

5. No. 1 exposed 1.5 hr. to direct sunlight 0.6 

6. No. 1 exposed 0.5 hr. to direct sunlight 

7. No. 2 exposed 0.5 hr. to direct sunlight 

8. No. 3 exposed 0.5 hr. to direct sunlight 

9. No. 4 exposed 0.5 hr. to direct sunlight 

«-indioates no oxidized flavor. 

*»+, ++, 4++, ++++ indicate increasing intensity of oxidized flavor. 

stored control sample developed an oxidized flavor in 3 to 5 days, indicating 
the susceptibility of the milk. The addition of ascorbic acid to the control 
milk inhibited the development of the off flavor during the 5-day observation 
period. The addition of 0.1 ml. of 30 per cent hydrogen peroxide to 1 1. of milk 
removed essentially all quantities of ascorbic acid from both the control milk 
and the fortified milk. Neither milk showed evidence of oxidized flavor. 

Exposure of a sample of the milk to direct sunlight for 1.6 hours also re- 
moved essentially all ascorbic acid. No oxidized flavor developed in this milk 
during 6 days of storage. However, when a sample was exposed to direct sun- 
light for 0.6 hour, an oxidized flavor developed after 2 days of storage. Ex- 
posure of the fortified milk to direct sunlight for 0.5 hour caused the develop- 
ment of a pronounced oxidized flavor after 1 day in storage. When the samples 
to which hydrogen peroxide had been added were exposed to 0.5 hour of direct 
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sunlight, no oxidized flavor resulted during 5 days of storage. This indicates 
that ascorbic acid must be present before the sunlight can cause the develop- 
ment of the oxidized flavor. Other samples were treated with hydrogen perox- 
ide and gave results similar to those shown in table 3. 

The results of a study on milk subjected to commercial handling conditions 
were as follows : Fortified milk containing 46 mg. of ascorbic acid per 1. lost about 
one-sixth of the ascorbic acid after 24 hours storage, only a slight additional 
amount was lost while on the truck and about one-third of the remaining ascorbic 
acid was lost when exposed 0.5 hour in the shade. Unfortified milk containing 
13.2 mg. of ascorbic acid per 1. showed no loss of ascorbic acid after 2.5 hours on 
the truck, but about one-half was lost when exposed for 1 hour in the shade ; 
practically all the ascorbic acid was destroyed after 15 minutes of exposure to 
direct sunlight. No oxidized flavor developed in any of these samples, even after 
7 days storage, showing that the milk at this time was much less susceptible to 
oxidation than the milk used in the previous experiments. 

DISCUSSION 

From a review of the literature and the results of these experiments, it ap- 
pears that oxidized flavor in susceptible milk can be controlled either by the 
addition of ascorbic acid to the milk or by the complete and rapid oxidation of 
all ascorbic acid present in the milk. When ascorbic acid is added to milk it 
acts as a reducing agent which oxidizes more readily than the milk fat, there- 
fore either preventing or prolonging the time required for fat oxidation and 
the development of an oxidized flavor (3). When the ascorbic acid is oxi- 
dized completely and rapidly, the development of oxidized flavor is prevented 
(8). Theories on the chemical reactions involved in this procedure are some- 
what controversial. At present, the addition of ascorbic acid is the only method 
of commercial interest. It now has been established that the oxidized flavor 
can be controlled for several days by the addition of ascorbic acid if the milk 
supply is free from copper and is protected from sunlight. The price of as- 
corbic acid is low enough to justify its use as a flavor control measure when 
necessary. Ascorbic acid is tasteless in the milk and, being a natural food sub- 
stance, any excess at the time of consumption will add to the food value of the 
milk. Ascorbic acid also is relatively easy to add, no expensive equipment 
being necessary. However, its use presents a number of problems when consid- 
sidered for commercial use, such as approval by regulatory authorities, proper 
handling of the milk in relation to sunlight and possible deceptive labeling to 
show increased vitamin G content of the milk. Due to the instability of as- 
corbic acid under many conditions, no guarantee should be made regarding the 
vitamin C content of milk at the time of either delivery or consumption. The 
protection of the milk from sunlight during the transportation period to the 
customer’s refrigerator would be the greatest problem for many dairies. Pres- 
ent knowledge would indicate only wasted effort if ascorbic acid were added to 
milk not protected from sunlight at all times. Under certain conditions, a 
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more objectionable oxidized flavor might be developed in milk with added as- 
corbic acid than would be encountered in the original milk (table 3). 

It has been established that oxidized flavor can be controlled by the rapid and 
complete removal of ascorbic acid by several methods (8). (The measurement 
of ascorbic acid may be used as a guide to the inhibition of flavor development. 
However, it is not established fully that the oxidation of ascorbic acid is the key 
factor to the development or inhibition of the oxidized flavor.) There are no 
commercial methods now available for the rapid destruction of ascorbic acid in 
large quantities of milk. Should machinery be developed which will remove the 
ascorbic acid economically and rapidly in the line of processing, this method may 
hold the greatest possibility for future control of oxidized flavors. The greatest 
disadvantage of the removal of ascorbic acid would be the difficulty in obtaining 
the approval of a process by the public and the medical profession. Willful re- 
moval of a natural vitamin from a universally-used food may be questioned. 
However, if a survey were made of all milk at the time of consumption, there 
is little doubt that most of it would have insignificant quantities of vitamin C 
present. 

SUMMART 

The addition of ascorbic acid to milk at the rate of 1.5 g. to 100 lb. resulted 
in a three-fold increase in ascorbic acid content of the milk. Non-fortified 
milk lost more than one-fifth of its ascorbic acid during the first day of refrig- 
erated storage in the dark, about half by the second day, three-fourths by the 
third day, and better than 90 per cent by the fifth day. Milk fortified with 
ascorbic acid lost less than one-tenth during the first day, slightly more than 
one-fifth the second day, about one-third by the third day, and about one-half 
after 5 days of storage. After 5 days the fortified samples contained about 
one-half more ascorbic acid than the control milk did originally. No oxidized 
flavors developed in the fortified milk in 5- or 7-day storage periods, while the 
control samples began to develop oxidized flavors after 2 days of storage and 
became increasingly worse as storage time extended. 

Milk fortified with ascorbic acid rapidly lost its ascorbic acid when exposed 
to light, the rate depending upon the intensity of light and the time exposed. 
When exposed to direct sunlight for 40 minutes, all measurable ascorbic acid 
was destroyed. Stored samples in which ascorbic acid was destroyed partially 
developed an oxidized flavor. 

Bapid destruction of all measurable ascorbic acid in milk either by exposure to 
direct sunlight or through the addition of 30 per cent hydrogen peroxide 
resulted in no oxidized flavors over a 6-day storage period, indicating that 
ascorbic acid is a contributing factor in the development of this off flavor. 
Milk in which the ascorbic acid was destroyed by the addition of hydrogen 
peroxide did not develop oxidized flavor when exposed to sunlight. 

A study on the destruction of ascorbic acid and the development of oxidized 
flavor in milk under commercial conditions showed that about one-sixth of 
the ascorbic acid was lost from a fortified sample (30 mg. per 1.) after 24 
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hours of storage. The same milk lost only a slight amount of ascorbic acid 
when carried in a case in a covered milk truck from 5 to 8 a.m. When this 
milk then was exposed to daylight in the shade for 30 minutes it lost about one- 
third of the remaining ascorbic acid. Another trial with non-fortified milk 
showed no loss of ascorbic acid while carried in a ease on a covered milk truck 
for 2.5 hours. About one-half of the ascorbic acid was lost, however, w^hen 
this milk was exposed to daylight in the shade for 1 hour at noontime. Ex- 
posure of the milk to direct sunlight for 15 minutes at noon destroyed all 
measurable quantities of the ascorbic acid. These results indicate that most of 
the destruction of ascorbic acid occurs after the milk leaves the truck. 
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THE INFLUENCE OP TEMPEKATUBE OF BIPENING ON THE 
TYRAMINE CONTENT AND PLAVOB OP AMERICAN 
CHEDDAR CHEESE' 

A. C. DAHIiBEBQ and F. V. KOSIKOWSKY 
Department of Dairy Indvttry, Cornell Vnivereity, Ithaea, New York 

It has been shown recently that a special strain of Streptococcus faecaUs, 
which produced acid rapidly in milk and which grew in cheese, increased the 
rate of ripening and the quality of American Cheddar cheese (2, 5). This 
culture produced tyramine in cheese, and the amount of tyramine in both com- 
mercial and experimental cheese was directly related to the intensity of Cheddar 
flavor (6, 3). Within the range of usual temperatures for ripening cheese, it 
is known that ripening is accelerated as the temperature increases. It was the 
purpose of the present study to determine the influence of ripening tempera- 
tures upon the rate of production of tyramine in American Cheddar cheese 
made with and without 8, faecalis starter and the usual commercial lactic starter. 

EXPERIMBNTAIi METHODS 

The Cheddar cheese was made from pasteurized milk. One batch was made 
on March 20, 1947, from milk produced by the herds of Cornell University, and 
another on April 3, 1947, from milk produced for sale as fluid milk for New 
York City. After mixing in the vat pasteurizer, each batch was divided into 
3 parts. To one portion 2 per cent of Hansen’s lactic starter was added, to an- 
other portion 2 per cent of 8, faecalis starter was added, and to the third por- 
tion 1 per cent of lactic starter and 1 per cent of 8, faecaUs starter were added. 
The milk was made into cheese without giving time for the starter to develop be- 
fore adding rennet, but otherwise following the time schedule of Wilson (7). 
All lots made up quite uniformly so the manufacturing data are not pre>sented. 
The cheese was packed in tin cans containing 1 lb. of cheese sealed under 25 
inches of vacuum, and the cans showed 20 to 22 inches of vacuum after scaling. 

Each batch of cheese was divided into 3 lots for ripening at 40, 50 and 60^ 
P. The cheese was placed in the curing rooms the day it was taken from the 
press. Samples of the cheese were analyzed for tyramine at intervals up to 1 
year by the method of Kosikowsky and Dahlberg (6), for volatile acids by the 
method of Kosikowsky and Dahlberg (4), and for water soluble protein by the 
method of Sharp as reported by Dahlberg and Kosikowsky (1). The scoring 
was done by the authors and was discontinued after 6 months as the cheese held 
at 60® P. was definitely overcured in this period of time. 

RBSUiirs 

The composition of the three lots of fresh cheese was reasonably uniform 
and well within the range of acceptable Cheddar cheese (table 1). The fresh 

Beeeived for pobHeation November 4, 1948. 

iVOat iavMHgstion wm aided by a grant from the National Cheeee liuititute. TJie 
antliora are indebted to Mrs. Catherine Vwwoert Work for making some of the ebemieal 
aaalrses. 
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TABLE 1 

Composttwn of the fresh eheesf 

Starter used in making the cheese 



Lactic 

face alls 

Lactic faecal IS 

Moisturo (%) 

36.07 

37.74 

3616 

Fat, (%) 

3S.0 

33 5 

34.5 

Protein, (%) 

Salt, (%) 

23 61 

23 65 

23 40 

1.62 

1.55 

1.67 

pH 

5 08 

5 29 

5 23 


cheese made with 8, faecah\ starter only was slij^htly less a<Md and slightly 
higher in moisture, as 8. faecahs starter produces acid about half as rapidly as 
commercial lactic starter and no correction was made for this difference by 
variations in the amount of starter added to the milk. 

The production of tyraraine in the three lots of cheese ripened at three dif- 
ferent temperatures is given in table 2 and the flavor development in table 3 
The tjT*amine content of cheese made from pasteurized milk with commercial 
lactic starter increased only slightly with ripening up to one year (table 2) 
The cheese milk and starter were not contaminated with bacteria that pro- 
duced tyramme as indicated by the low amount of this compound in the cured 
cheese (Jonseqiicntly, at 50'^ the ripened cheese contained only a little more 
tyramme than cheese ripened at 40® F., and only slightly less tyramme than 
<‘heese ripened at 00® P, All of the cheese made with commercial starter only 
was mild in flavor after 4 months at 40, 50 and 60® F., but after 6 months’ 
curing at 50 and 60® F. the cheese possessed a flavor of medium intensity, even 
though the tyramine content was low (table 3). The flavor was not typically 
good Cheddar, but was flat and the cheese at 60® F. was definitely o^ercured 

TABLE 2 

Inflvence of temperature of ripening upon the production of tyramine in American Cheddar 
cheese made from pasteurised milk 


Days ripened 


starter used 
in cheeae 

0 

3 

15 

30 

60 

90 

120 

150 

180 

240 

365 





Tyramme {y/g ) 









Bipened at 40 

• F. 



3 



Lactic 

5 




7 

8 

7 

6 

6 

3 

8, faeeaUe 

6 




17 

12 

12 

22 

18 

24 

47 

hnetXc'faeoaUa 

14 




85 

57 

45 

77 

85 

120 

312 





Bipened at 50' 

• F. 






Lactic 

6 




14 

12 

12 

12 

12 

10 

17 

8, faocciis 

6 




72 

46 

38 

64 

108 

113 

281 

Laetie-feicoalic 

14 




126 

163 

216 

280 

428 

534 

1,369 





Bipened at 60' 

• F. 






Lactie 

. 5 

13 

14 

12 

19 

14 

16 

14 

17 

28 

37 

8, faecaUe , . 

a 

27 

22 

45 

83 

90 

157 

220 

315 

379 

811 

Lactic-/aeca2i« 

.. 14 

42 

70 

120 

SS6 

477 

762 

894 

1,172 

1,425 

2,554 
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with a slightly burnt or caramelized taste. This interfered with judging the 
intensity of Cheddar flavor. 

The cheese made with 8. faecalis starter alone produced very little tyramine 
at 40° P. and the flavor remained mild for 6 months. When ripened at 50° P., 
the tyramine content of the cheese was 108 y per g. and the flavor was medium 4 . 
The cheese ripened at 60° P. contained 315 y per g. and the flavor was consid- 
ered to be medium 4- in intensity. 

The cl^eese made with both lactic and faecalis starters contained 85 y per 
g. after 6 months at 40° P. and the flavor was mild 4-. Ripened at 50° P. for 
6 months, the cheese contained 428 y per g. of tyramine and the flavor was 
medium 4-. The cheese ripened at 60° P. contained 1,172 y per g. and was 
sharp - in flavor intensity. The flavor was typical Cheddar of excellent quality. 

Too few temperatures of ripening were employed to permit any consideration 

TABLE 3 


Influence of temperature of ripening upon the development of flavor in American Cheddar 
cheese made from pasteurised milk 




Flavor score and intensity in cheese 


starter used 
in cheese 

Bipened 60 d. 

Bipened 120 d. 

Ripened 180 d. 


Score 

Intensity 

Score Intensity 

Score 

Intensity 

Lactic 

38.5 

mild- 

Bipened at 40* F. 

38.S mild- 

39.0 

mild 

8, faecalis 

38.2 

mild - 

39.2 mild 

39.0 

mild 

LactiC'/oeeaZis .... 

39.7 

mild 

39.5 mild 

40.0 

mild 4 

Lactic 

39.0 

mild- 

Bipened at 50* F, 

39.0 mild + 

39.0 

medium - 

8, faecalis . ... 

40.0 

mild 

39.0 ^medium 

39.7 

medium 4 

LactiC’/aeeaZis 

40.5 

mild + 

40.0 'medium -f 

40.5 

medium 4 

Lactic 

39.5 

mild + 

Bipened at 60® F. 

38.5 mild 4 

38.0* 

medium* 

8. faecalis 

40.0 

medium 

39.2 medium + 

38.7 

medium 4 

Ijsjciic-faeoalis 

40.5 

medium 

40.5 sharp - 

39.5 

sharp - 


» Overcured with a slight burnt or caramelized flavor, so the intensity of Cheddar flavor 
was difficult to judge. 


of trends in the increase of tyramine production with increased ripening tem- 
peratures. However, the tyramine content of the cheese showed an approxi- 
mate direct logarithmic relation to the time of ripening in days (fig. 1). The 
average data (fig. 1) omit all data for cheese with lactic starter only, together 
with all cheese stored at 40° P., as the rate of increase of tyramine was too slow 
to show any trend. 

The data on the volatile acidity, water-soluble protein, and pH are not pre- 
sented as they duplicate some previously published data (2). There was very 
little increase in volatile acidity in 6 months at 40° P., and this slight increase 
was least for the faecalis cheese. After 6 months the volatile acidity of the 
cheese was 19 ml. 0.1 N acid per 100 g. at 40° P. and 42 ml. at 60° P. for lactic 
Starter cheese, which compared with 18 and 41 ml. 0.1 JV acid per 100 g. for 
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lAQiiQ-faecalis cheese. The water-soluble protein increased about three-fold in 
6 months at 40® F. The effect of increased temperature of ripening on water- 
soluble nitrogen after 6 months showed the lactic starter cheese contained 4.4 
per cent at 40® P. and 8.1 per cent at 60° F., and the l&etie-faecalis cheese con- 
tained 4.3 and 8.4 per cent, respectively, of water-soluble protein. 



Fio. 1. The rate of tyramine production in cheese made with S, faeealis starter alone, 
and with commercial lactic and faeealis starters. 

DISCUSSION 

The amount of tyramine in the cured cheese made from pasteurized milk 
with commercial lactic starter alone was especially low as compared with the 
tyramine previously found in commercial Cheddar cheese (6). Undoubtedly, 
this pasteurized milk of high sanitary quality did not contain tyramine-pro- 
ducing bacteria or they may have been present in very small numbers. The 
cheese developed normal acidity, volatile fatty acids, and water-soluble protein 
during ripening, but the intensity of Savor remained mild and was not in- 
creased greatly by warmer ripening temperatures. This illustrates indirectly 
previous results (3) that increased tyramine and Cheddar flavor intensity are 
related. Limited flavor developed with ripening and with very little tyramine 
production, which shows that all flavor is not associated with tyramine, but 
most of the typical Cheddar flavor is related to the presence of tyramine. 

B. faeealis alone in cheese increased tyramine production, but the effect was 
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very limited at 40® F. It should be observed that the temperatures of this re- 
frigerator varied from 35 to 42® F. and was generally slightly below 40® F. 
8, faecalis grows poorly at this temperature. Ripening at 50 and 60® F. gave 
marked increases in tyramine and obvious increases in the intensity and quality 
of flavor. 8. faeoaUs grows well at these warmer temperatures. 

The use of regular lactic and faecalis starters in pasteurized milk markedly 
increased tyramine production in cheese at all temperatures of curing, includ- 
ing 40® F. The intensity of Cheddar flavor and the quality of the Cheddar 
flavor were best in the cheese made with both starters. 

It should be pointed out that the percentage of starter added to the milk in 
these experiments was rather large, but similar results have been observed with 
variations from 0.1 to 2.0 per cent of the faecalis starter. 

On several occasions it has been observed that Cheddar cheese made with 8. 
faecalis starter not only developed flavor more rapidly but this flavor was main- 
tained for longer periods of time than in cheese without this culture. This 
was observed in cheese cured at 60® F. The cheese made with lactic starter 
alone decreased progressively in score with increased age and the flavor in- 
tensity increased slightly. At 180 days this cheese was overcured and had an 
off-flavor. The cheese made with both lactic and faecalis starters was sharp - 
in intensity at 120 days, yet it was held for 180 days without developing an off- 
flavor. The best keeping quality was shown by the cheese made with both 
starters. 

It is believed that 40® F. or below is too cold a temperature for ripening 
Cheddar cheese made from pasteurized milk of good quality with both starters 
to obtain maximum development of good Cheddar flavor in a reasonable period 
of time. An initial curing for 2 months at 60° F. or 4 months at 50® F. will 
develop good pronounced Cheddar flavor and' then the cheese properly made 
may be stored a long time at 40® F. or below with assurance of excellent flavor. 

In considering the data on flavor, it should be borne in mind that flavor in- 
tensity was rated over a 6-month period. Consequently, there is more chance 
for variation in judgement than if all samples were rated at one time. 

This research emphasizes that the value of 8, faecalis starter in ripening 
cheese will be greatest in milk of highest sanitary quality. Its value will be 
least in milk of low bacterial count but relatively high in normal infection with 
8, faecalis or other tyramine-producing bacteria, and in milk of lower sanitary 
quality which normally contains these bacteria in substantial numbers. When 
these bacteria were absent, force curing at a high temperature, such as 60® F., 
accelerate flavor development to some extent but not enough to obtain a full 
Cheddar flavor. 

There is an indication that the rate of development of tyramine in the early 
days of ripening might be used as an index to predict whether cheese will cure 
slowly or rapidly. More data are necessary to establish this point. 

CONCLUSIONS 

The pasteurized milk used for making the experimental American Cheddar 
cheese was practically free from tyramine-producing bacteria, as indicated by 
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the tyramine content. After 6 months ripening at 40, 50 and 60® F., the tyra- 
mine content of cheese made with commercial lactic starter was only 3, 12 and 
17 y per g. The flavor was mild, medium - and medium in intensity and lacked 
good Cheddar characteristics. 

When fif. faecalis starter (special rapid acid-producing strain) was used 
alone in the pasteurized milk, the tyramine content of the cheese after 6 months 
ripening at 40, 50 and 60® P. was 18, 108 and 315 y per g. The flavor intensi- 
ties were mild, medium - and medium +, respectively. 

The use of both commercial lactic and 8, faecalis starters in the pasteurized 
milk produced the greatest development of tyramine and good, typical Cheddar 
flavor. After 6 months’ ripening at 40, 50 and 60® P. the tyramine content was 
85, 428 and 1172 y per g. and the flavor intensity was mild+, medium + and 
sharp The sharp - intensity of flavor was obtained in 4 months. 

Cheddar cheese containing 8, faecalis developed more tyramine and Cheddar 
flavor as the ripening temperatures were increased. It maintained its good fla- 
vor for a longer period of time without becoming overcured at warm tempera- 
tures than did cheese made only with ordinary lactic starter. The increase in the 
tyramine content of cheese showed an approximately direct logarithmic rela- 
tion to the days ripened. 
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• EFFECT OF THYEOXINE ON FERTILITY OF BOVINE SEMEN* 

A. B. SCHXJLTZB and H. P. DAVIS 
Department of Dairy Husbandry, University of NebrasTca, Lincoln 

The addition of proper amounts of D,ii-thyroxine to bovine semen appears to 
exert an influence on sperm metabolism (1, 2). It is logical to suppose that a 
change in metabolism influences semen fertility. Therefore this study was 
undertaken to determine whether bovine semen fertility is influenced by the ad- 
dition of thyroxine. Since the over-all fertility of bovine semen obtained under 
artificial breeding conditions depends both on the initial fertility and the main- 
tenance of a high level of fertility during storage, the data were studied to de- 
termine whether thyroxine influences the initial fertility, the maintenance of 
fertility or both of these characteristics. 

METHODS 

D,L-thyroxine was added to egg yolk-phosphate-buffered bovine semen in a con- 
centration of 10 y per 100 ml. diluted semen. A stock solution of the thyroxine 
was prepared by weighing 10 mg. of the material and dissolving it slowly and 
completely in distilled water by the addition of 0.1 N NaOH drop by drop. 
When dissolved the solution was made up to 100 ml. volume. The thyroxine 
solution added to the diluted semen was prepared from this stock solution by 
adding phosphate buffer in measured volumes so that the buffered thyroxine 
solution contained 5 y thyroxine per ml. All thyroxine solutions were stored at 
40° F. Portions of this latter buffered solution were added to the egg yolk-phos- 
phate-buffered semen so that the final concex^tration of thyroxine was 10 y in 
100 ml. diluted semen. 

Semen samples were selected at random from 18 bulls in the University stud 
and treated with thyroxine. Other semen samples from the same bulls during 
the same periods of time served as controls. Non-return rates obtained from the 
use of such a series of semen samples vary from that obtained with another series 
even where semen are from the same bulls during the same season. The varia* 
tion among several such series involving semen sample numbers and service 
numbers approximating those of the thyroxine-treated semen in our experiments 
appeared not to exceed 2 percentage units in non-retum rate. To compare the 
results of treatment on the same semen sample, an experiment was carried out 
in which one portion of a semen sample was treated with thyroxine and sent to 
one group of associations for use; the other portion, untreated, was sent to a 
second group of associations. The two association groups had similar non-return 
rates when both used untreated semen from the same bulls. 

Breeding results are based on 5 months’ non-retum rates of first and second 
services in routine artificial breeding. 

Received for publioatioii November 13, 1948. 

1 Pttbliflhed with the approval of the Director as Paper No. 462, Journal Serieo, Nebradui 
Agricultural Experiment Station. 
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RESULTS 

The experiment to determine the effect of thyroxine on fertility of bovine 
semen was carried out over a 2-year period. In the first part of the experiment 
a portion of randomly selected semen samples was treated with thyroxine and 
sent to ^oup 1 associations for use. The other portion of these semen samples 
was left untreated and sent to group 2 associations. More than 50 individual 
semen samples were used in this part of the experiment. The results showed 
that the non-return rate for the treated semen in group 1 (422 services) was 
59.1 per cent and that for the untreated portion of the samples in group 2 as- 
sociations (456 services) was 54.4 per cent, a difference of 4.7 percentage units. 
However, when the semen sent to both groups 1 and 2 was all untreated and 
from the same bulls, the non-return rate for the group 1 associations was 1.2 


TABLE 1 

Non-retum rate with treated and control semen with age 


Bays storage 

12 3 


4 


All days combined 



No. 

services 

5-ino. noi 
returns 

No. 

services 

lO S 

No. 

services 

5-mo. no] 
returns 

No. 

services 

5-mo. no] 
returns 

No. 

services 

5-mo. no] 
returns 

Semen 

treated 

with 

thyroxine 

384 

(%) 

65.8 

821 

(%) 

66.1 

496 

(%) 

62.5 

166 

(%) 

60.2 

1887 

(%) 

64.6 

Control 

semen 

1303 

63.1 

2470 

59.6 

1489 

56.0 

667 

52.1 

5929 

58.5 

Increase 

over 

control 


2.7 


6.6 


6.5 


8.1 


6.1 


percentage units lower than for the group 2 associations. Therefore, there ap- 
peared to be a net increase of 5.9 percentage units in non-return rate resulting 
from the presence of thyroxine in the semen. 

The experiment was extended by sending semen samples treated with thy- 
roxine to all associations. The non-return rate obtained with treated semen was 
compared with that obtained with control semen from the same bulls during the 
months in which semen was treated. The samples used as controls were from 
those used before or after the treated samples. The non-return rate from 92 
treated semen samples with 1,867 services involved was 64.6 per cent. The non- 
return rate from untreated control semen samples was 58.5 per cent. Thus the 
addition of thyroxine appeared to increase the non-return rate by 6.1 percentage 
units. 

A comparison of the non-return rates from treated and control semen with 
days of storage is shown in table 1. It is apparent that fertility was maintained 
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TABLE 2 

Comparison of nourvetum rate of thyroxine-treatod and control semen hy individual bviUss^ 


Treated Control 


Bamples 

Servioea 

5-mo. non- 
returns 

Services 

5’mo. non- 
returns 

Difference 


{No.) 

(No.) 

<%) 

(No.) 

(%) 

(Percentage 

Units) 

1 

5 

66 

56.1 

136 

52.2 

+ 3.9 

2 

2 

36 

75.0 

112 

52.7 

+ 22.3 

3 

6 

95 

47.3 

307 

50.2 

- 2.9 

4 

6 

91 

62.6 

228 

57.5 

+ 5.1 

5 

1 

20 

85.0 

198 

60.1 

+ 24.9 

6 

9 

201 

62.7 

347 

60.8 

+ 1.9 

7 

7 

235 

65.1 

463 

59.8 

+ 5.3 

8 

4 

128 

66.4 

179 

58.1 

+ 8.3 

9 

5 

97 

63.9 

231 

54.1 

+ 9.8 

10 

6 

180 

65.6 

254 

60.4 

+ 5.2 

11 

1 

22 

63.6 

193 

59.5 

+ 4.1 

12 

7 

80 

68.7 

200 

56.5 

+ 12.2 

13 

13 

185 

66.5 

391 

60.1 

+ 6.4 

14 

6 

76 

68.4 

268 

64.9 

+ 3.5 

15 

1 

35 

62.8 

193 

67.4 

- 4.6 

16 

2 

40 

75.0 

89 

68.5 

+ 6.5 

All 

81 

1587 

64.5 

3789 

58.8 

+ 5.7 


> Bulls having less than 20 treated services omitted from table. 


at a higher level throughout the 4 days of use. The difference during the first 
day of use is less than with increased storage, indicating a delayed thyroxine 
effect. 

The data were studied by grouping semen samples by individual bulls. The 
comparison is shown in table 2. Semen samples from bulls used in less than 
20 services have been omitted from the tabulation. In evaluating the average 

TABLE 3 

Comparison of non-retum rate with thyroxine-treated and control semen by individual 
breeding associations, {Only services with same storage time for control and 
treated semen considered.) 

Treated Untreated 


Association 

No. 

services 

5-mo. non- 
returns 

No. 

services 

5-mo. non- 
returns 

Difference 

A 

B 

0 

D 

£ 

F 

G 

H 

1 

J 

320 

256 

86 

136 

98 

122 

107 

74 

115 

249 

(%) 

60.3 

65.6 

69.8 

39.0 

73.5 

62.3 

60.7 

82.4 

73.0 

68.9 

308 

264 

114 

132 

99 

146 

95 

79 

121 

250 

• (%) 

55.8 

61.7 

56.9 

35.6 

61.5 

55.8 

53.6 

69.6 

63.6 

55.8 

(Percentage 

Units) 

+ 4.5 
+ 3.9 
+ 12.9 
+ 3.4 
+ 12.0 
+ 6.5 
+ 7.1 
+ 12.8 
+ 9.4 
+ 8.1 

All associations 

1563 

63.4 

1608 

56.7 

+ 6.7 
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non-return rate for all bulls, the non-return rate percentage of each bull was 
weighted in proportion to the number of treated services so that the percentage 
influence of each bull’s services on the total results would be the same for both 
treated and untreated semen. On this basis of comparison, thyroxine increased 
the conception rate 5.6 percentage units. The semen from two bulls showed a 
decrease in fertility due to treatment; however, in one of these bulls only one 
semen sample represented the treated services. 

In a comparison of treated and control semen by individual associations, the 
controls were recorded only for those days on which the treated semen was used, 
to eliminate insofar as possible the effect of semen storage on the comparison. 
Besults are shown in table 3. The non-return rate in all associations was in- 
creased by treatment and the difference for all associations was found to be 6.7 
percentage units. This percentage unit increase is somewhat higher than that 
found with other bases of comparison ; however, it is not significantly different. 

To test whether the difference in non-return rate due to treatment was statis- 
tically significant, the results were analyzed on an individual semen sample basis 
for both treated and control samples. Semen samples with less than ten services 
were eliminated. The non-return rate percentages were converted to angles. 
The difference between treated and control samples was found to be significant 
at less than the 5 per cent level. When the variance between individual semen 
samples was eliminated, significance was at less than the 1 per cent level. 

DISCU^ION 

It appears from the data at hand that 10 y per cent D,L-thyroxine when added 
to diluted bovine semen increases the fertility. This is apparent with semen 
from bulls of average or above average fertility. The difference in fertility is 
small for the first day of storage but increases to a maximum the second day of 
storage. This increase in fertility ai)parently is maintained for a 4-day storage 
period. The non-return rate for treated semen was lower than that for control 
semen with the semen of one bull. This bull’s average fertility was relatively 
low and it is possible that thyroxine in the amount used had a detrimental effect 
on this poor semen. A limited number of thyroxine-treated semen samples from 
bulls with less than 50 per cent non-return rate was available for study. It 
seems from these limited data that semen low in fertility is increased in non- 
return rate above that of control semen of low fertility during at least 2 days of 
storage, but declines below that of the control level by the 3rd or 4th day of 
storage. Semen lower in fertility than that represented by the data at hand may 
be more unfavorably affected by storage. 

The selection of semen samples used for controls during the period of the 
experiment was varied so that accidental selection of better than average or 
poorer than average semen from the bulls on experiment would be evident if 
this were affecting the results. The selection of different control semen samples 
resulted in a difference of 2 percentage units in the control values. This is a 
non-significant difference and can probably be expected by random selection of 
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semen from the same bulls during the same periods of the year with the number 
of services and semen samples involved. 

SUUMABT 

Ten micrograms per cent of D,L-thyroxine was added to diluted bovine semen. 
This semen was used in artificial breeding. 

All treated services (2,289) averaged 5.7 to 6.7 percentage units higher in 
percentage of non-returns to service after 5 months than untreated semen from 
the same bulls collected during the same months that the treated semen was 
used. In a comparison of either individual bulls or individual breeding associa- 
tions, an increase in non-return rate is also apparent with thyroxine-treated 
semen. 

The increase in fertility with the addition of thyroxine appears to be main- 
tained for a 4-day storage period with semen of average or above average fer- 
tility. 
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THE EFFECT OF TESTIS BIOPSY ON SEMEN 
CHARACTERISTICS OF BULLS^ 
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W. J. SWEETMAN 
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United States Department of AgrieuJLture 

Biopsy technics have been used by many investigators to study histological 
changes in various living organs. Erb ei aL (2) in a preliminary report have 
described a biopsy technic by means of which they correlated semen quality 
with testis morphology in dairy bulls during vitamin A studies. We have used 
this same technic in experiments on the effects of energy restriction on semen 
characteristics of bulls, and during the course of these experiments evidence 
was obtained that this biopsy technic produced changes in semen characteristics 
and in testis morphology which were unrelated to dietary conditions. 

MATERIALS AND METHODS 

Studies were made on three mature bulls. When the first biopsy specimen 
was taken, all were just pa.st 6 years of age. Two of the bulls (no. 1 and 2) 
had been on a ration which restricted energy intake to 65 per cent of requin^ment, 
up to the time the first specimen (from the left testis only) was taken. Feed 
intake then was raised to 100 per cent of requirement and maintained at that 
level until the bulls were disposed of. A specimen was obtained (from the 
right testis) on one of these bulls (no. 2) 6.5 months later and on the other 
(no. 1) 10.5 months later. Both bulls were castrated 3 months after the second 
biopsy and representative sections of testis tissue were obtained. 

The first specimen (from the left testis) was obtained from the third bull 
(no. 3) immediately before the ration was reduced to the 65 per cent energy- 
intake level. He remained on this level of energy-intake for 15 months, and 
a second specimen (from the right testis) then was obtained. P^eed intake then 
was increased to 100 per cent of retiuirements, and the bull was castrated 3 
months later. 

The biopsy technic performed under local anesthesia, was essentially that 
described by Erb et ah (2), with the exception that hemorrhage always was 
controlled by applying manual pressure to the spermatic artery until a solid 
clot had formed. The tunica albuginea and skin incision always were sutured. 
Recovery was rapid and uneventful in every instance. 

Semen was collected from the bulls by means of an artificial vagina. With 
only occasional omissions, four ejaculates were collected weekly from each bull 
during the period of observation, two ejaculates being obtained in succession at 
each of two services* Motility determinations were made on undiluted semen 

Eeceived for publication November S9, 1948. 
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in a stage wanning apparatus. Sperm counts and the determination of abnor- 
mal spermatozoa were made with a hemocytometer on fresh semen diluted with a 
0.9 per cent saline solution. The data presented here all are based on the sec- 
ond ejaculate. 

Tissue sections were stained with hematoxylin and eosin for general morpho- 
logical examination and with Mallory’s aniline blue connective tissue stain to 
detect the relative amounts of connective tissue in the various specimens. 

RESULTS 

The data obtained on semen characteristics are shown for each of the three 
bulls in table 1. It will be noted that each biopsy produced a marked decrease 

TABLE 1 


Changes in sperm characteristics as the result of biopsy 


Period of 
observation 

Sperm 

count 

Initial 

motility 

Percentage 
Storage of abnor- 
motility' mal sperm 
cells 

Volume 

Number of 
observa- 
tions 

(millions/ml.) 

(%) 

(%) 

(ml) 


Bull no, 1 






Control (60 days) 

1360 

54.3* 

9.9* 63.9* 

3.4 


Biopsy specimen obtained — ^returned to adequate feed 

intake 


(60 days) 

700 

85.0 

17.5 33.5 

3.8 

4 

(274 days) 

639 

67.9 

27.6 34.0 

5.0 

27 


Second biopsy (no change in feed) 



(30 days) 

653 

30.3 

7.0 37.0 

4.4 

3 

(60 days) 

388 

44.8 

8.8 28.2 

5.8 

8 

Bull no. ts 






Control (60 days) 

1012 

70.0 

40.0 27.7 

2.8 

9 

Biopsy specimen obtained — returned to adequate feed 

intake 


(60 days) 

862 

72.5 

25.5 24.6 

4.2 

5 

(142 days) 

556 

73.0 

30.8 20.7 

4.4 

13 


Second biopsy (no change in feed) 



(30 days) 

723 

38.3 

20.0 45.0 

4.6 

3 

(60 days) 

264 

46.3 

11.9 32.6 

4.2 

9 

BuXt no. S 






Control (60 days) 

841 

86.8 

48.1 18.9 

4.7 

8 


Biopsy specimen obtained — ^f eed intake reduced 



(50 days) 

453 

74.5 

26.0 41.0 

5.5 

5 

(876 days) 

466 

76.0 

31.7 38.8 

4.3 

41 


Second Biopsy— returned to adequate feed intake 


(30 days) 

125 

5.0 

2.0 75.2 

2.7 

4 

(60 days) 

0.13 

0 

0 82.0 

3.7 

7 


1 Storage motility c= motilily after 48 hre. storage at 4-^** 0. 

a These low moiety values and the high percentage of abnormal sperm cells resulted from 
restriction of feed intake* 


in Sperm concentration in all three bulls, which roughly amounted to 50 per 
cent except in the case of the second biopsy on bull no. 8. Sperm production 
practically ceased following the second biopsy in the case of bull no, 3. The 
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full effect of a biopsy was not always immediately evident, and for this reason 
the period of observation following each biopsy has been divided into a short 
and a longer interval. Usually the first two or three ejaculates obtained con- 
tained numbers of sperm characteristic of the pre-biopsy period. This was at 
least partly due to the fact that a 2-week period of sexual rest was usually 
allowed after each biopsy. The decrease in sperm concentration which fol- 
lowed this short interval persisted throughout the remainder of the observation 
period in all cases, and there has been no indication that improvement in 
spermatogenesis occurred even though the periods of observation after the first 
biopsy was performed ranged from 202 to 426 days. 

It also will be noted that changes were made in the ration of these animals 
in every instance at the time the first biopsy specimen was obtained. In the case 
of bull no. 3, feed intake was reduced at this time. During the following 14- 
month period, his weight loss amounted to 293 lb. *The change in sperm con- 
centration possibly could be accounted for by the poor nutritional condition of 
this bull. However, a much greater decrease in sperm concentration occurred 
in the semen of this bull when the second biopsy was performed, even though 
feed intake was increased to normal at this time. Moreover, this change was 
noted in the semen of bulls no. 1 and no. 2 after both biopsies. The first biopsy 
was performed on these bulls at a time when feed intake was increased and the 
bulls thereafter were improving in condition. The second biopsy was per- 
formed on these bulls while they were on normal and constant feed intakes. 
The change in sperm count was just as great as under the previous regime. It 
seems evident, therefore, that the change in sperm concentration was related to 
the biopsies rather than to changes in the ration which coincided with the 
biopsies in most instances. 

It also is evident that a serious misinterpretation of experimental results 
might have occurred if all three of these bulls had been biopsied just previous 
to the time that the restriction in energy intake was imposed. It would not 
have been illogical to ascribe the decrease in sperm production to the reduced 
energy intake rather than to the effects of biopsy. The data presented by Erb 
et al. (2), in the paper in which they described the biopsy technic, show that a 
marked drop in concentration of spermatozoa occurred after each of the biopsies 
that were taken from the bull used in their work. The decrease in concentra- 
tion of spermatozoa after the first biopsy was ascribed to a gradual depletion 
of stored sperm. No comment was made on the decrease after the second 
biopsy. 

In view of our results, it would appear that the semen change reported by 
Erb et dl. (2) was related more to the biopsies than to the vitamin A status of 
the animal. It also will be noted that improvement in semen occurred following 
the initial drop in sperm concentration after each biopsy on the bull described 
by Erb ei dl. (2) . This effect has not been seen in the present work and this dif- 
ference in results between the two studies may be due to the differences in age 
of the bulls used. 
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The effect of the biopsies on motility and on the percentage of abnormal cells 
was somewhat variable. The first biopsy on bulls no. 1 and 2 did not decrease 
motility or increase the number of abnormal spermatozoa. The increase in 
motility and the decrease in abnormal cells which occurred after the first biopsy, 
in the case of bull no. 1, is believed to be due to the improved nutritional status 
of the bull during this interval. Attention is drawn to the fact that the con- 
trol values for this bull (see table 1) were abnormal and a result of the previous 
feed restriction. In the case of bull no. 3, however, the first biopsy did decrease 
motility and increase the percentage of abnormal cells. The fact that no pro- 



Fig. 1. Comparison of biopsy specimens of testis and specimens obtained on the same 
testis after castration. X200. 

lA— Bight testis biopsy specimen. 

IB — ^Bight testis at time of castration. 

10 — ^Left testis biopsy specimen. 

ID — ^Left testis at time of castration. 

gressive change in these (^racteristics occurred in the succeeding period of 
feed restriction would indicate this was an effect of the biopsy and not a result 
of feed restriction. In all cases, however, the succeeding biopsy on the opposite 
testis markedly reduced motility and increased the percentage of abnormal 
The data therefore would indicate that a single biopay on one testis may or may 
not affect the motility and normality of the sperm cells but that a second biopsy, 
even when obtained from the opposite testis, has a definite and adverse effect on 
the motUify and normality of sperm cells. Bogart and Mayer (1) noted that 
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similar changes in semen characteristics occurred in sheep after removal of one 
testis. Moore (3) also has noted that adhesions occur around the testis of bulls 
following inflammation due to infection or trauma of the testis and are accom- 
panied by a progressive deterioration of semen quality. In the three bulls in 
the present study, marked adhesions between the tunica vaginalis and tunica 
albuginea were noted when the bulls were castrated. 

The photomicrographs shown in flgure 1 are representative of the morpho- 
logical changes noted in the testis tissue as determined at castration. A com- 
parison of flgure lA and IB illustrates the marked change which occurred in 
the right testis following biopsy. Figure lA, from tissue taken at biopsy, shows 
there was some disorganization and desquamation of tissue and that sperm cells 
were not numerous in the tubules. Figure IB shows the condition of the same 
testis 3 months later. Sperm cells were practically nonexistent and spermato- 
genic tissue was reduced markedly. This tissue, which was obtained at castra- 
tion, was representative of the general condition throughout the testis except in 
the case of bull no. 3. In this bull, while spermatogenesis was reduced, less than 
25 per cent of the tubules showed this marked degeneration, although most 
tubules showed degenerative changes when compared to the biopsy specimens 
obtained previously. 

Figure 1C represents the biopsy specimen and figure ID the tissue obtained 
at castration from the left testis. It will be noted that there is little or no dif- 
ference in the appearance of the tissues. Two of the bulls (no. 1 and 2) re- 
acted in this manner. The left testis of the third bull, however, showed very 
marked degeneration at the time of castration. The testis was about i normal 
size and the upper third was distinctly calcified. Histologically, degeneration 
as marked as that shown in figure IB was present throughout the testis and the 
tubules in the calcified area were filled with mineral deposit. 

It is difficult to account for the variability in reaction to biopsy between the 
right and left testis of these animals. In all cases the interval of time between 
biopsy of the right testis and castration was 3 months. The intervals between 
biopsy of the left testis and castration were 14, 10 and 17 months for bulls no. 1, 
2 and 3, respectively. In the case of bulls no. 1 and 2, the presence of marked 
degeneration in the right testis 3 months after biopsy and little or no change in 
the left testis 10 or 14 months after biopsy might indicate that repair had oc- 
curred in the left testis during the longer time interval. If repair did occur in 
the testis of these two bulls, it was unaccompanied by any improvement in 
spermatogenesis as previously noted. The marked degeneration noted in the left 
testis of bull no. 3 at castration, even though an interval of 17 months elapsed 
between biopsy and castration, is in direct contrast to the other two bulls. 
Bull no. 3 lost considerable weight (293 lb.) during 14 of the 17 months of tliis 
interval of time due to restriction of feed intake, whereas bulls no. 1 and 2 had 
adequate feed and were gaining in weight throughout most of this period. It 
therefore is possible that the reduced feed intake of bull no. 3 intensified the 
biopsy effect and was responsible for the difference in effects on the left testis 
observed between this bull and bulls no. 1 and 2. 
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As mentioned previously, rather extensive adhesions between the tunica 
vaginalis and tunica albuginea were found at castration. Marked connective 
tissue proliferation, of course, was present at the site of biopsy in every instance. 
In addition to these changes, an increase in the amount of connective tissue 
throughout the intertubular spaces of both testes was noted in the tissues ob- 
tained when the bulls were castrated. This reaction was not as intense as that 
observed at the biopsy site, but in every instance a distinct increase was noted 
in the amount of intertubular connective tissue as compared with the amount in 
the original biopsy specimens. This increase in connective tissue was roughly 



Fig. 2. Comparison of right and left testis biopsy specimens from bulls no. 2 and no. 3. 
X200. 

8A-— lieft testis specimen (bull no. 2). 

SB^Uigbt testis specimen (bull no. 2). 

20— Left testis specimen (bull no. 3). 

2D — ^Bight testis specimen (bull no. 3). 

proportional to the degree of tubular degeneration observed. It was greatest in 
the left testis of bull no. 3 and in the right testis of bulls no. 1 and 2 in which 
the greatest tubular change was observed and, while definitely increased, was 
less evident in the right testis of bull no. 3 and the left testis of bulls no. 1 and 
2. It therefore would appear that the biopsies produced a marked proliferation 
of connective tissue throughout the testis and that this change was related to the 
morphological and functional changes which were observed in the tubules. 

If the increased collagen noted in these sections was a result of a fibroblastic 
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reaction, this reaction had subsided by the time sections were obtained. How- 
ever, there was some evidence that the numbers of interstitial cells were in- 
creased in those specimens which showed increases in connective tissue. 

The evidence at our disposal did not suggest that a biopsy on one testis had 
any marked effect on the opposite testis. A comparison of tissues obtained at 
successive biopsies of the left and right testis is shown in figure 2 to illustrate 
this point. Tissue from the left testis biopsy (2A) and tissue from the right 
testis (2B) obtained by biopsy 6 months later from bull no. 2 is shown. Com- 
parison of these tissues indicates that possibly some change occurred in the 
right testis as a result of biopsy on the left testis. There also was some slight 
indication of an increase in connective tissue in the right testis. A comparison 
of figures 2C and 2D, which are similar tissues from bull no. 3, shows no differ- 
ence. A like comparison between the biopsy specimens from the left and right 
testis from no. 1 indicated no effect other than some increase in connective tissue 
in the right testis at biopsy. The intervals between biopsies in the case of bulls 
no. 1 and 3 were 11 and 14 months, respectively, whereas it was only 6 months 
in the case of bull no. 2. If the difference noted between figures 2 A and 2B 
really indicates that the biopsy of the left testis affected the opposite testis of 
bull no. 2, and that similar changes were produced in the right testis of bull no. 
1 and bull no. 3, it might be assumed that the longer interval between, biopsies 
in the case of the latter two bulls gave sufficient time for repair to take place 
so that no evidence of damage was present at the succeeding biopsy. In general, 
however, the direct evidence available would not indicate that biopsy on one 
testis produced morphological changes in the other testis. 

SUMMARY AND CONCLUSIONS 

1. Biopsy of the testis of mature bulls resulted in a marked decrease in 
sperm concentration in the semen. 

2. Biopsy of a single testis had variable effects on motility or percentage 
of abnormal sperm, but a succeeding biopsy on the second testis decreased mo- 
tility and increased the percentage of abnormal sperm, and in one bull resulted 
in almost complete absence of spermatogenesis. 

3. Marked morphological changes were observed in the tubules of the testis 
and in the amount of intertubular connective tissue. In one instance, marked 
atrophy of the testis occurred as a result of biopsy. 

4. These data would indicate that considerable care must be used in in- 
terpreting data in experimental studies on semen production and semen char- 
acteristics where biopsies are performed in conjunction with other nutritional 
or physiological technics. 
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SOME FACTORS INFLUENCING THE REDUCING SYSTEMS 
IN DRY WHOLE MILK^ 
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The first extensive data relating the heat-labile sulfur of milk to cooked flavor 
and antioxygenic activity were obtained by Gould and Sommer (7) and Joseph- 
son and Doan (13). The former collected the heat-labile sulfur with lead acetate 
paper and found that heat treatments sufficient to cause cooked flavors and a 
lowering of the oxidation-reduction potential also produced volatile sulfur. 
Very similar results were obtained by Josephson and Doan (13) using the nitro- 
prusside test for heat-labile sulfur. 

The antioxygenic properties of dry whole milk manufactured from milk pre- 
heated to a high temperature have been ascribed to the sulfur-containing re- 
ducing groups (10, 11). Mattick et al. (15) were the first to show that the 
presence of nitroprusside-reducing substances resulting from the preheating 
treatment of the milk is associated with increased resistance to oxidation of the 
dry milk during storage. 

The effect of several preheating temperatures on the keeping quality of the 
dry whole milk was studied by Findlay et al. (6). Preheating temperatures 
producing antioxygenic effects in the powder were those yielding positive nitro- 
prusside and volatile sulfur tests. No data were reported concerning the effect 
of subsequent oxidation of the dry whole milk during storage on the sulfhydryl 
groups initially present. 

A method for the estimation of sulfhydtyl groups in blood based on reduc- 
tion of thiamin disulfide has been adapted to milk by Harland and Ashworth 
(9). The experiments described herein were undertaken to test the thiamin 
disulfide reagent for the estimation of the antioxygenic qualities of dry whole 
milk, prepared from milk preheated to high temperatures, to determine the 
source of the groups that reduce this reagent and to compare the method with 
other means of measurement of reducing substances in milk. \ 

METHODS 

Thiamin disulfide reducing substances (TDRS) were determined essentially 
according to the method of Harland and .^h worth (9). Acid ferricyanide re- 
ducing substances (AFRS) were estimated by the Chapman and McFarlane pro- 
cedure (2) as modified by Crowe et al. (4). Ascorbic acid (apparent) was es- 
timated by the method of Doan and Josephson (5). Solubility indices of the 
dry whole milk were performed according to the method of the American Dry 
Milk Institute (1). 
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1 Pf^er no. 2489, Beifliiitifie Journal Series, Minnesota Agricultural Experiment Station, 
St. Paul. 


884 



REDUCING SYSTEMS IN DRY MILK 


335 


Drying of the skim milk and the whole milk used in this work was accom- 
plished in an experimental spray dryer of the University of Minnesota. Milk 
flow was regulated to secure an exit air temperature of 85® C. for what was con- 
sidered to be a normal drying temperature and 104® C. for a high drying tem- 
perature. 

lA) 



Normal drytog Nmp. dryInQ twng. Normol drying Nmp. High drying tampi 

L9% ffloltlura IjO% moiHiifn 22% moMurt QB% moMum 





Sfonigt Him 



37*C. (0^> eO*& (Air) 
Storogn Hmn 


1. Tbe effects of preheating and drying temperatures on the acid ferricyanide (AFRS) 


and thiamin disulilde (TDBS) reducing substances, ascorbic acid, and keeping quality of dry 
whole milk. Similar results were obtained from a duplicate experiment. 


Heat tteatments of the liquid aTstems were done in thin-walled, 8-inch stain- 
leee sted test tnbes of 20 mL capadtjr immersed in a rapidly-circulating water 
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bath maintained at constant temperature. Deaeration of the liquid systems was 
accomplished by a brief period of boiling, under a pressure of approximately 
25 mm. of mercury, and flooding the system with commercial nitrogen. This 
process was repeated three times before heating in an atmosphere of nitrogen. 

Scoring of the dry whole milk was done a(*cording to the student score card. 

Nonfat dry milk solids were prepared from freshly separated milk of good 
quality preheated at 63® C. for 30 minutes. Dry whole milk was prepared from 
good quality fresh milk and had solubility indices not exceeding 0.1. Heat 
treatments were as indicated in the data. Casein was prepared as previously 
reported (12) and dispersed in a minimum quantity of 0.1 N NaOH to pH 6.6 to 
obtain the sodium caseinate. Serum proteins were prepared by removal of the 
casein from reconstituted nonfat dry milk solids with acetate buffer at pH 4.5, 
concentration of the whey by freezing, exhaustive dialysis in Visking sausage 
casings and further concentration by pervaporation^ from the casing. This 
preparation was stored under toluene at approximately 4® C. until used. Lac- 
tose was of U.S.P. quality. 


BESULTS 

Relation of reducing substances to retention of ascorbic acid and flavor during 
storage, A preliminary experiment was designed to indicate some of the re- 


TABLE 1 

Composition of the simplified systems used for heat treatment 


System 

Casein 

(as Na Caseinate) 

Milk serum 
protein 

Lactose 

Phosphate 
buffer pH 6.6 


{g,/100 ml,) 

(g,/100mL) 

{g./ 100 ml.) 

(^) 

1 

2.50 

* 


0.10 

2 

2.50 


4.75 

O.iO 

3 


0.70 


0.10 

4 


0.70 

4.76 

0.10 

5 

Reconstituted nonfat dry milk solids 10 g./lOOml. 


lationships of reducing capacity to the conditions of manufacture and storage 
of dry whole milk and to determine whether retention of ascorbic acid and flavor 
during storage is related to reducing capacity. The experimental plan as well 
as the data are presented in flgure 1. 

The acid ferricyanide reducing substances (AFRS) (fig. IB) were not in- 
fluenced significantly by the preheating temperatures used, but were increased 
by the higher drying temperature. This is in agreement with results reported 
in a recent paper (4). Although storage of the powder at 37® C. for periods 
up to 4 weeks had little effect on the AFBS, storage at 60® C. caused a large in- 
crease in these substances. 

The preheating temperature was the predominant factor influencing the 
thiamin disulfide reducing substances (TDRS) (fig. 1C). The apparent de- 

8 Eyaporation of water from the sol through the membrane. (Kober, P. A., Penraporation, 
Perstillation, and Percrystallation. J. Am. Chem. Soc., 39: 944*-48. 1917.) 
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crease in these substances during storage of the dry whole milk at 60° C. for 
4 weeks could not be substantiated when this experiment was repeated. High 
drying temperatures appear to depress slightly the TDRS produced in the milk 
by heat treatment. 

The protective action of the higher preheating temperature on the ascorbic 
acid content of the dry whole milk both during drying and in subsequent storage 
is apparent in figure ID. The high drying temperature also seems to afford some 
degree of protection for this easily oxidized substance. 

(B) 

(A) Buffered Systems of Coseirtote 



Fig. 2. The effect of heat treatment of skim milk and simplified systems on production of 
thiamin disulfide reducing substances. The points shown in these graphs are the average of at 
least two values. 

The flavor scores (fig. IE), although typically rather erratic, show some in- 
creased retention of quality during storage as the result of the higher preheating 
temperature. 

Source of TDRS and AFBS produced during heat treatment. It is believed 
generally that the sulfhydryl groups liberated in milk during heat treatment 
originate from the proteins and, more specifically, the serum proteins. To obtain 
information on this point skim milk (actually reconstituted nonfat dry milk 
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solids) and various simplified systems, the composition of which is tabulated in 
table 1, were heat«treated at various temperatures for periods up to 120 minutes. 
Reducing power was determined in these systems by both the thiamin disulfide 
and acid ferricyanide methods. Since during preliminary trials the oxygen 
tension of milk had been found to affect the production of TDRS, the systems 
studied in this experiment were deaerated before beginning the heat treatments. 
The data for TDRS and AFRS are shown in figures 2 and 3, respectively. 




t TbiM of hooting in mimitM tino of hioHng In wi wi to o 



ao io to no 
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BufforiO Sonim ProMnt tLoctoto 



Fia. 3. The effect of heat treatment of ekim milk and simplified e;)rBtem8 on production of 
acid ferricyanide reducing substances. The points shown in ^ese graphs are the average of 
at least two values. 


For comparative purposes, skim milk was the first system studied (fig. 2A). 
It may be noted that no TDRS were produced during 120 minutes heating at 
70® C., but they were produced slowly in skim milk during heating at 75® C. 
The maximum amounts of TDRS were produced following a brief (2 to 5 mixh 
utes) exposure at 85 and 95® C. The decline in reducing groups during long 
treatment at the higher temperatures may have some significance in processing 
milk where the object is that of obtaining maximum amounts of reducing sub- 
stances. 
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The amount of TDRS obtained from the heat treatment of caseinate or ca- 
seinate plus lactose is practically negligible (fig. 2B). 

The influence of heat treatment on TDBS in buffered serum proteins and 
buffered serum proteins plus lactose is illustrated in figures 2G and 2D, respec- 
tively. These two systems behave in a similar manner in their response to heat 
treatment when measured as TDBS, with the exception that the presence of lac- 
tose has a rather small but significant depressing effect on the amount of TDBS 
produced at each temperature. An incomplete reaction between the liberated 
sulfhydryl groups and the lactose or an inhibition by lactose of the denaturation 
of the protein (16) are alternate explanations for this difference. More TDBS 
are produced in serum protein systems than in an equivalent of the skim milk 
from which they were derived. This increased heat lability may be due either 
to slight denaturation of the protein during isolation or to the differences of 
environment in the milk and the simplified systems. 


TABLE 2 

Comparison of the nitroprusside and thiamin disulfide methods for detection of appearance and 
subsequent disappearance of heat-labile sulfur in milk 



Appearance 



Disappearance 


Time heated 
at 85” 0. 

Nitro- 

prusside 

TDRS 

(Cysteine-HCJl) 

Initial TDRS» 
(Cysteine-HCl) 

After storage^ 

Nitro- 

prusside 

TDRS 

(Cysteine-HCl) 

{sec.) 


{mg./liter) 

{mg./liter) 


{mg./liter) 

0 

nil 

nil 

14.4 

-H+f 

12.6 

20 

nil 

0.2 

14.4 

++ 

3.3 

30 

±f 

0,6 

14.4 

•f 

1.8 

45 

•H* 

>2.4 

11.4 

nil 

nil 

60 

+++ 

>2.4 





• Milk was preheated at 85'’ C. for 20 minutes. 

b These samples were selected from among a number of comparisons. Storage was for one 
week at temperatures ranging from 4.4” C. to 37” C. 


The data in figure 3 were obtained for comparison of AFRS and TDRS in the 
same systems. The capacity of milk to reduce ferricyanide recently has been 
considered in another paper (4). It should be pointed out that while the values 
of the TDBS discussed in the preceding paragraphs ranged from the equivalent 
of from 0.0 to 30 mg. of cysteine-HCl per liter, the APRS on the same basis may 
exceed 500 mg. under similar conditions. 

Only those systems containing both lactose and protein are characterized by 
the production of appreciable amounts of APRS (fig. 3 A, 3B and 3D) during 
heat treatment at 95^ G. for 2 hours. The initial reducing capacity of the serum 
proteins is higher if measured by the acid ferricyanide method, but the two 
methods reveal a comparable increase in reducing capacity upon heating (com- 
pare fig. 20 and 80). 

It is difficult to prove exactly what groujis in the protein are measured by 
thiamin disulfide. Some data have been obtained, however, which indicate that 
positive nitooprusside tests and the initial appearance of TDBS occur at about 
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the same level of heat treatment. Furthermore, upon storage of heated milk in 
air, the decrease in intensity and final disappearance of the reactive groups re- 
sponsible for a positive nitroprusside test is paralleled by the level of TDRS. 
These data are shown in table 2. The nitroprusside and thiamin disulfide tests 
appear to detect the same groups. 

Influence of oxygen tension on production of reducing groups by heat treat- 




TImt of hooting in mtowtot Porcont nonfet nSk oolidi 


Pio. 4. The influence of oxygen, ascorbic acid and solids concentration on the reducing 
substances produced in nonfat milk soUds during heat treatment at 85® C. 


m«rf. As mentioned earlier, it was fotmd in preliminary trials that the presence 
of oxygen in ^ system caused a decrease in the amonnt of reducing snbstuices 
prodneed during heating. Some further work on this point is reported in figure 
4 The influmioe of deaeration before heat treatment at 85® C. on the producti<m 
of APRS and TDBS in reconstituted nonfat dry milk solids and fresh "iri™ 
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is shown in figures 4A and 4B, respectively. The presence of oxygen causes 
lower values for both AFRS and TDRS. Since the rates of production of AFRS 
become similar after about 30 minutes heating, regardless of the presence or 
absence of oxygen, it was considered possible that the initial lag in the produc- 
tion of reducing groups might be due to oxidation of the ascorbic acid. In an 
attempt to clarify this point, the data of figure 4C were obtained. The influence 
of oxygen and ascorbic acid on the TDRS during heating of skim milk is shown 
in the upper portion of figure 4C. Ascorbic acid was without effect on the TDRS, 
either in the presence or absence of oxygen. This result was not unexpected, 
since the thiamin disulfide reagent is not reduced by ascorbic acid. Any effect 
of ascorbic acid in this case would have to be indirect. 

Curves 1 and 3 (fig. 4C) were obtained for the production of AFRS in 
samples of milk from whicli the ascorbic acid had been oxidized completely. 
Curve 1 represents an aerated and curve 3 a deaerated sample. Curves 2 and 
4 are plots of similar data for the production of AFRS in the presence of 20 mg. 
of added ascorbic acid per liter. Curves 5 and 6 result from substracting the 
ascorbic acid from curves 2 and 4, respectively. Since the values for AFRS 
shown in curves 5 and 6 are similar to the corresponding curves 1 and 3 and also 
since curves 2 and 4 and 1 and 3 exhibit comparable effects of the presence of 
oxygen, it may be concluded that aseOrbic acid is not a factor in determining the 
amount of AFRS produced during the heating of milk. 

Influence of concentration of milk solids on production of reducing sub- 
stances. In the course of this work, it was discovered that the concentration of 
the milk solids is an important factor in the effect of heat on the production of 
AFRS and TDRS in milk. Nonfat dry milk solids were used to prepare systems 
containing from 9.7 to 96.6 per cent solids for the determination of the produc- 
tion of AFRS during heating (fig. 4D). The rate of production of AFRS in- 
creases very rapidly with increase in the concentration of the milk within the 
range of 40 to 90 per cent solids, but decreases rapidly as the system approaches 
the moisture content of normal dry milk. This decrease in rate of production 
of AFRS with a decrease in the moisture content of dry milk recently has been 
reported by Coulter et al, (3). 

The systems used for studying the effect of concentration on the production 
of thiamin disulfide reducing substances by heat were prepared by condensing 
fresh skim milk in an all-glass apparatus under reduced pressure. This was 
found to be necessary because attempts to prepare concentrated systems by dis- 
persing nonfat dry milk solids in water resulted in a certain amount of the pro- 
teins becoming insoluble. The data obtained for the TDRS are indicated in the 
upper portion of figure 4D. The TDRS produced during heating remained 
fairly constant up to about 23 per cent solids and fell off rapidly to zero at 57 
per cent solids. 

DISCUSSION 

A comparison has been made of acid ferricyanide and thiamin disulfide as 
oxidizing agents for heat-produced reducing substances in milk. The acid fer- 
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ricyanide reagent is the more powerful oxidant, and consequently reacts with 
other reducing groups in addition to those oxidized by the thiamin disulfide 
reagent. Since the nature of the AFES has been discussed adequately in a 
recent paper by Crowe et al, (4), only comparisons with TDRS are necessary 
here. 

XTnheated milk or milk heated at temperatures up to 70® C. does not contain 
any substance capable of reducing thiamin disulfide, while unheated milk con- 
tains materials in addition to ascorbic acid which reduce acid ferricyanide. The 
TDES are derived from heat denaturation of serum proteins. This is not sur- 
prising, since these proteins are known to contain most of the cystine-cysteine 
sulfur found in milk. 

Although it is difficult to prove exactly what groups associated with heat 
treated milk serum proteins are measured by thiamin disulfide, the data pre- 
sented in this paper show that this reagent probably is reduced by the same 
groups (undoubtedly sulfhydryls) that reduce the nitroprusside reagent used 
by several investigators in the past, notably Josephson and Doan (13). These 
workers have associated substances that reduce sodium nitroprusside with those 
producing a cooked flavor or those that provide the antioxygenic qualities to 
heated milk. 

Although the presence of TDES in dry whole milk appears to be associated 
with resistance to fat oxidation, these reducing substances did not decrease 
during storage of dry whole milk for 4 weeks in 0^ at 37® C. Even4hough Lea 
et al, (6, 15, 17) did not report any data concerning the stability of sulfhydryl- 
type reducing substances in aged dry whole milk, it is their contention that the 
initial presence of nitroprusside-reducing substances is concomitant with the re- 
sistance of the fat to oxidation in the stored milk. 

The definitely higher reducing values obtained by heating milk in an atmos- 
phere essentially free of oxygen agree with the statements of Greenbank and 
Wright (8) that deaeration of milk results in lower oxidation-reduction poten- 
tial and greater protection of the resulting dry milk from oxidation. The results 
in figure 40 show that this effect is independent of the ascorbic acid content of 
the milk. 

The fact that AFES may be produced during spray drying and TDES are 
not so produced can be accounted for by consideration of the effect of solids con- 
centration on their production. TDES are not produced on heating skim milk 
having a solids concentration higher than 60 per cent, whereas AFES are pro- 
duced at a maximum rate at about 90 per cent solids. Kitzes (14) has shown 
that the temperature of the drying particle is at about the wet-bulb temperature 
of the air during the early stages of drying but approaches that of the dry-bulb 
temperature of the air during the later stages. Thus the particle is subjected 
to high temperature only when its concentration is so high that TDES are not 
produced. " 

AND CONCLUSIONS 

]>Sta have been presented indlektiiug&e source of thiamin disulfide reducing 
ititataiicea (TDRS) in heated milk andlheiMe^ to acid ferricyanide 
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reducing substances (AFBS) as well as to the keeping quality of the dry whole 
milk. The influence of the oxygen tension and the concentration of the system 
on the production of TDRS and AFBS during the heat treatment have been 
Studied. 

The nitroprusside and thiamin disulflde methods for sulfhydryl groups in 
milk have been compared. 

The following conclusions may be drawn from the results secured : 

1. The substances that reduce thiamin disulfide are derived from the heat 
treatment of serum proteins and represent only a portion of the materials ox- 
idized by ferricyanide. 

2. The thiamin disulfide reducing substances appear to be associated with 
increased resistance to oxidation when present in dry whole milk but do not de- 
crease in quantity as the milk fat is oxidized. 

3. The presence of oxygen in milk being preheated depresses the amount of 
reducing substances produced. 

4. The rate of production of thiamin disulfide reducing substances decreases 
with increase in the solids content of heated milk and becomes negligible at solids 
concentrations exceeding 60 per cent. 

5. The rate of production of acid ferricyanide reducing substances in heated 
nonfat milk solids reaches a maximum at about 90 per cent solids. 

6. The thiamin disulfide and nitroprusside reagents measure the same or par- 
allel reducing systems in heated milk. 
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THE EFFECT OF VARYING PROPORTIONS OP EGG YOLK 
AND SODIUM CITRATE BUFFER IN BULL SEMEN 
DILUTEES UPON SPERM MOTILITY 


ERIC W. SWANSON 

Department of Dairying, Unwereity of Tennessee, Agrieuitural 
Xxpenmeni Station, Knoxville, Tennessee 

Since the first report of the influence of egg yolk upon bull sperm viability 
by Phillips (5), some form of egg yolk has been a major ingredient of a wide 
variety of diluters proposed for bull semen. Diluters containing egg yolk have 
produced satisfactory results with phosphate, citrate and sulfate buffers. Be- 
cause of the ease of preparation and examination the citrate buffer has been the 
most popular in this country. Two separate types of investigation have made 
it of importance to examine diluters composed of egg yolk and citrate with a 
view to determining optimum concentrations for sperm viability. 

An early report by Salisbury ei aL (8) indicated satisfactory results with 
M/15 sodium citrate and egg yolk buffer, but weights listed in a later report (11) 
indicated that a M/7.5 solution had been prepared. The latter was used widely 
with apparently satisfactory results. The writer also had used M/15 citrate 
solutions satisfactorily. When the tliscrepancy was noted, a comparison was 
made between the freezing point depressions of fresh bull semen and the buffer 
solutions. As a result it Avas decided to use a concentration about raid-way be- 
tween M/15 and M/7,5, Salisbury and Knodt (9) published a revised formula 
for citrate-egg yolk diluter using 3,6 per cent sodium citrate dihydrate. This 
revision later was explained (10) as being made to correct the osmotic pressure 
of the diluter to that of bull semen at the time of dilution. In the latter report 
Salisbury et al. (10) found that fresh normal bull semen had the same osmotic 
pressure as bovine blood and recommended a concentration of 2.9 per cent sodium 
citrate dihydrate to achieve this in the semen diluter prepared by heating. In 
view of apparently satisfactory results with such a wide variety of concentra- 
tions of sodium citrate, it seemed advisable to determine the limits of citrate 
concentration for satisfactory use in semen diluters. 

Phillips' (6) original recommendation was for a mixture of one part of fresh 
egg yolk with one part of buffer solution. This pattern generally has been fol- 
lowed by all other investigators proposing the use of egg yolk in semen diluters. 
Mayer and Lasley (3, 4), in a study to determine the active fractions of egg yolk 
in protecting sperm against temperature-shock, found that egg yolk contained a 
harmful acetone-insoluble, alcohol-soluble fraction and a fraction insoluble in 
alcohol, acetone or ether, which was beneficial in minute amounts. Although 
they obtained a yield of 1.5 per cent of the latter material from egg yolk, it gave 
better protection than egg yolk at dilutions as high as 1 in 250 parts of buffer. 
These results suggested that the protective action of egg yolk might be obtained 
at lower concentrations than 50 per cent. 

Beceived for publication December 2, 1948, 
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EXFEBZMSNTAL 

The effect of various concentrations of sodium citrate on bull semen was de- 
termined first, since any harmful effect of the buffer could mask the true effect 
of egg yolk in small concentrations. At the same time the protective action of 
large amounts of egg yolk also might protect the sperm against adverse con- 
centrations of sodium citrate. A few preliminary trials showed that 25 per 
cent egg yolk gave practically the same effect on bull semen as 50 per cent in 
M/15 citrate diluter. Therefore the concentration of egg yolk was decreased 
to this point to allow for greater effect of the sodium citrate buffer solutions. 
Buffer solutions were prepared by mixing at room temperature 1, 2, 3, 4 and 



Fio. 1. Effect of Tarious concentrations of sodium citrate in a yolk-buffer semen diluter 
upon motility of bull sperm (av. of 10 semen ^ecimens). 

6 g. of sodium citrate dihydrate per 100 ml. of water doubly distilled in glass. 
The semen diluters were prepared by mixing three parts of each buffer solution 
with one part of carefully separated egg yolk in 50 ml. graduated cylinders. 
Semen specimens from dairy bulls at the University of Tennessee were diluted 
identically with each of the five diluters before cooling below 28^ C. The diluted 
samples were cooled slowly in insulated vials in a small electric refrigerator 
operating at 5^ C. Estimations of the percentage of progressively motile sperm 
were made at daily intervals for 10 days. The average results from ten dif- 
ferent semen specimens diluted at the rate of one part of semen to ten or twenty 
parts of each diluter are shown graphically in figure 1. It is apparent that 
the diluters made from 2 or 3 per cent sodium citrate dihydrate allowed better 
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TABLE 1 

Fr§eeing poinU of various sodium citrate "buffer solutions and semen diluters 
prepared from three parts buffer amd one part egg yolk 


Concentration of 


Freezing point 

Na,C^ 50 ,. 2 H ,0 

Buffer 

Biluter 

(%) 

(-c.) 

(»C.) 

1 

-0.19 

-0.25 

2 

-0.38 

-0.40 

8 

-0.57 

-0.56 

4 

-0.72 

-0.70 

6 

-0.88 

-0.85 


motility than the others, and in comparison with these the 4 per cent citrate 
diluter seemed unsatisfactory. The 5 per cent citrate diluter had an immediate 
adverse effect on sperm motility. The 1 per cent citrate diluter was tolerated 
better than the 5 per cent, but, in addition to failing to maintain satisfactory 
motility, it caused a high proportion of coiled-tail sperm which could move only 
backwards or in circles. 

In view of the importance of osmotic pressure upon cell metabolism, the 
freezing points of the buffer solutions and the diluters prepared in this experi- 
ment were determined. These data are presented in table 1. For comparison, 
the freezing point of a composite semen sample from three bulls was determined. 



FiO. 2. Ciomparifoii' of effect of 50, 25, and 12.5% egg yolk in semen diluter upon motility 
of bull gpsxm (av. of 11 lenm speeiaens)* 
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The freshly collected semen was cooled in ice water and the freezing point was 
determined within 1 hour. An average value of -0.56® C. was found. The 
diluter prepared with 8 per cent citrate buffer was found to have the same 
freezing point as fresh bull semen. This solution also resulted in the best av- 
erage motility. With two of the semen samples the diluter made with 2 per cent 
citrate resulted in motility equal to that in the 3 per cent citrate diluter. In 
no instance was the 4 per cent diluter equal to the 3 per cent diluter. Ap- 
parently bovine sperm are more sensitive to hypertonic solutions of sodium 
citrate than to hypotonic solutions. The freezing point of four egg yolks av- 
eraged - 0.57® C. It would be expected that the egg yolk would not affect sig- 
nificantly the tonicity of a diluter made with isotonic buffer solution. 



Fio. 3. Comparison of effect of 25 and 10% egg yolk in semen diluter upon motility of 
bull aperm (av. of 11 semen specimens). 

In view of the results from the first part of the experiment a buffer solution 
of 3 per cent sodium citrate dihydrate was adopted for the comparisons of egg 
yolk concentration. All samples of semen used in this phase of the experiment 
were not treated with each concentration, but series of trials were made in which 
three or four different concentrations of e^ yolk were compared. The semen 
generally was diluted at the rate of one part semen to ten parts diluter. In 
the first trial 11 semen specimens were diluted identically with diluters made 
with 50 per cent, 25 per cent and 12.5 per cent egg yolk, respectively. The av- 
erage daily progressive motility of semen stored at 5® C. noted in this trial is 
diown graphically in figure 2. The 25 per cent egg yolk diluter resulted in 
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practically the same motility as the 50 per cent diluter. The 12.5 per cent egg 
yolk gave very good motility for the first 2 days of storage but was definitely 
inferior to the other two diluters. 

In the second trial comparisons were made between 25 per cent egg yolk and 
10 per cent egg yolk and citrate diluter. Charts of the average daily progressive 
motility ratings of 11 semen specimens used in this trial are shown in figure 3. 
The 10 per cent egg yolk, although it was not as good as the 25 per cent diluter, 
maintained surprisingly good sperm motility, quite comparable to that observed 
with the 12.5 per cent diluter. 

A third trial was made to attempt to locate the limit of egg yolk concentration 
which would be effective in maintaining motility. In this trial comparisons were 



Fig. 4. Comparison of effect of 25, 20, and 5% egg yolk in semen diluter upon motility of 

bull sperm (av. of 11 semen specimens) . 

• 

made between 25 per cent, 20 per cent, and 5 per cent egg yolk diluters. The 
average daily progressive motility ratings found from the 11 semen specimens 
used in this trial are plotted in figure 4. Identical effects were observed with 
20 and 25 per cent egg yolk in the diluter. When only 5 per cent egg yolk was 
used, a greater difference was observed after the first day of storage than had 
been observed between the 10 or 12.5 per cent egg yolk and 25 per cent egg yolk 
diluters. It was clear, however, that even this very low concentration of egg 
yolk provided some beneficial effect. Two samples of semen diluted with only 
the buffer solution declined to 5 per cent progressive motility in 96 hours while 
the same semen diluted with only 5 per cent egg yolk in the diluter had 20 per 
cent progressive motility at 96 hours. 
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TABLE 2 

Efeet of varying proportions of egg yolk and S pet cent sodium citrate buffer upon 
the resistance of hvU sperm to cold shook 


BUuter 


Live sperm 


Before shock After shock 


Sperm killed 



(%) 

(%) 

(%) 

Series I (av. of 3 samples 
uncooled semen) 

No diluter 

81 

4 

77 

1:1, yoUebuifer 

86 

55 

30 

1:3, yolk:bnff6r 

78 

46 

32 

1:7, yolk :bufrer 

80 

46 

34 

Series II (av. of 2 samples 
nncooled semen) 

No diluter 

69 

2 

67. 

3% citrate buffer 

74 

1 

73 

1:3, yolk:buffer 

73 

35 

38 

1:9, yolktbuffer 

74 

33 

41 

Series III (av. of 7 samples 
cooled and stored semen) 

1:3, yolk:buffer 

78 

69 

9 

1:4, yolk:buffer 

80 

67 

13 

1:19, yolk: buffer 

73 

54 

19 


Since the protective action of egg yolk against temperature shock of sperm 
is a very important factor in the use of semen diluters^ a study was made of the 
effect of the various concentrations of egg yolk in preventing death of sperm 
subjected to rapid cooling. Smears for the determination of live and dead sperm 
were made^ by a staining technic of Lasley et ah (2), before and after cold 
shocking by placing test tubes of semen at 20^ G. in a brine bath at 0 to - G. 
for 10 minutes. Three series of semen samples prepared for the storage studies 
reported above were treated in this manner. The cold shock treatment was given 
two series of samples within a few minutes after collection of the semen and be- 
fore cooling had proceeded below room temperature. The third series was 
studied after the samples had been cooled gradually and kept in storage at 5^ G. 
for at least 24 hours. These comparisons were presented in table 2. 

TABLE 3 

Effect of varying proportions of egg ydk and citrate buffer upon the resistance of bull 
sperm to cold shock before and after wtofogg at 6* €, 


Before cooling After 72 hr. at 5* C. 


Diluter 

Live sperm 

Sperm 

Killed 

Live sperm 

Sperm 

Killed 

Before 

Shock 

After 

Shock 

Before 

Shock 

After 
' Shock 


(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

No diluter 

57 

15 

42 

38 

12 

26 

citrate buffer 

65 

18 

47 

63 

33 

30 

1;4, yolk:eitrate 

71 

40 

31 

63 

50 

13 

1:9,. yo!k:citrate 

70 

41 

29 

60 

48 

12 

l:iaiyDlk^.eitrate 

. 68 

43 

25 

62 

43 

19 
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It is evident from these results that diluter containing 12.5 or 10 per cent egg 
yolk was as effective in protecting against cold shock as was diluter containing 
25 or 50 per cent egg yolk. The trial with stored semen indicated that 5 per cent 
egg yolk was inferior to 20 or 25 per cent in protective action, but that all con- 
centrations exerted greater protective action than observed in uncooled semen. 
This effect was checked in a fourth series of three semen samples from different 
bulls with which the protective action of egg yolk was determined before cooling 
and after 72 hours storage at 5^ C. The average results of this trial are pre- 
sented in table 3. 

These data indicate that 5 per cent egg yolk was practically as effective in 
protecting sperm against cold shock as were concentrations of 10 and 20 per cent. 
The increased resistance of sperm to cold shock after storage was noted as before, 
but it. occurred in samples not diluted with egg yolk as well as those containing 
yolk. Some change may occur in stored sperm which affects their staining 
properties in addition to their acquisition of the egg yolk protective factor. 

DISCUSSION 

These experiments have demonstrated that the concentration of sodium citrate 
in the semen diluter may influence the viability of sperm. The optimum con- 
centration was found to be that which gave a freezing point nearest that of 
freshly collected semen. This indicates that the influence of osmotic pressure 
may be important in preparing semen diluters. This is in agreement with the 
report of Salisbury et al (10). The observation that hypotonic solutions were 
less harmful than hypertonic may be explained by the fact that as semen ages, 
lactic acid increases, causing an increase in the osmotic pressure which could be 
counteracted by a hypotonic solution, but only aggravates an incompatible con- 
dition in a hypertonic solution. It may be shown by later, more definitive ex- 
periments that some concentration of sodium citrate between 2.5 and 3 per cent 
is superior to 3 per cent. 

The experiments with varying concentrations of egg yolk indicate that satis- 
factory results may be expected with much less than 50 per cent yolk in the di- 
luter. The point of critical concentration was not determined definitely. From 
viability studies it would appear to be somewhere between 20 and 12,5 per cent. 
The former gave the same motility as with 50 per cent yolk, while the latter was 
lower in motility after the first 2 days of storage. Whether or not differences 
would appear in fertility cannot be decided without extensive breeding trials. 
Bovine semen used at the University of Tennessee has been diluted with 3 per 
cent sodium citrate buffer and egg yolk, three or four parts to one, routinely for 
over 12 months. This semen has been used for inseminating up to 3 days of age 
with excellent results. 

Beducing the egg yolk concentration to 10 per cent had no apparent effect 
upon the protective action during cooling or cold shock. Since motility was not 
maintained as well with 10 per cent yolk as with 20 to 50 per cent, the lack of 
suScient protective factor may be considered of secondary importance in mixing 
semen dilnters with egg yolk. Factors necessary for the maintenance of the 
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highest motility other than protective factor must be present in egg yolk. One 
of these may be viscosity. £uoop (1) found that gelatin increased livability of 
sperm and Phillips and Spitzer (7) reported beneficial effects on sperm livability 
of certain gums. These substances increase the viscosity of diluted semen and 
reduce the motility during storage. Perhaps a certain amount of egg yolk (20 
to 25 per cent) provides a similar condition. 

Beducing the amount of egg yolk used in preparing semen diluter not only 
makes the preparation of the diluter more economical and less laborious, but 
results in a relatively clear field under the microscope in which estimation of 
semen motility is easier and more precise than when large concentrations of egg 
yolk are used. 

SUMUABT 

An investigation has been made of the egg yolk-sodium citrate huffer di- 
luter for bull semen with the view of establishing optimum concentrations. It 
was found that 3 per cent sodium citrate dihydrate was superior to other con- 
centrations tried, and this solution was nearly isotonic with fresh bull semen. 
Beducing egg yolk concentration to 20 per cent gave as good motility and livabil- 
ity as the commonly used 50 per cent. When egg yolk was reduced to 10 per 
cent the cold shock protective factor was still fully effective but motility was 
impaired slightly. 
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OXYGEN DAMAGE TO BULL SPERMATOZOA AND ITS 
PREVENTION BY CATALASE^ 


N. L. VANI)EMABK2, G. W. SALISBUKY^, and R. W. BRATTON 
Laboratory of Aniwal Breeding and Artificial Insemination, Department of 
Animal Husbandry, Cornell University, Ithaca, New York 

In the practice of diluting and storing bull semen for use in artificial breed- 
ing it has been accepted generally that the spermatozoa remained motile longer if 
stored with a minimum of air spa<je above the semen and subjected to a minimum 
of mixing. 

MacLeod (5) showed in 1941 that high oxygen tensions were harmful to 
human spermatozoa. On the basis of the first experiment reported here, which 
was completed in 1944, and other evidence, Salisbury (10) reported that bull 
spermatozoa in low concentrations were harmed by oxygen. 

MacLeod (6) found that adding catalase or peroxidase to human semen would 
prevent the harmful effects of the oxygen. This suggested that the deleterious 
effect of oxygen on spermatozoa was due in part to hydrogen peroxide. Hydro- 
gen peroxide has been shown to be toxic to human (6) and bull sperm^jitozoa (3). 

Recent investigations by Tbsic and Walton (15, 16) and by Tosic (14) have 
shown that bull spermatozoa stored under aerobic conditions produced hydrogen 
peroxide. They have shown that an oxidative deamination of L-tryptophane, 
L-trj^osine, or L-phenylalanine by the spermatozoa was responsible for the produc- 
tion of hydrogen peroxide and this in turn resulted in an inhibition of spermato- 
zoan motility and respiration. This inhibition was reversed when catalase was 
added. 

Tliese reports suggest that oxygen damage to diluted bull semen may occur in 
the routine handling of bull semen for artificial insemination, and that the pro- 
cedures carried out involving shaking the semen may increase these effects 
through increased aeration and exposure to the oxygen of the air. Since the ex- 
periments reported in this paper were completed, Prince and Almquist (9) have 
shown that agitation of diluted bull semen was more harmful in partially filled 
tubes than in full tubes. 

The experiments reported here were designed to determine (a) the effect of 
storing diluted bull semen under nitrogen, oxygen and air on the activity of the 
spermatozoa, (b) whether deleterious effects from oxygen, if present, could be 
prevented by catalase, (c) whether oxygen damage to spermatozoa is increased 
by gentle mixing of diluted semen under conditions of routine artificial breeding 
and, (d) whether or not catalase would improve livability of spermatozoa under 
routine storage conditions. 

Beeeived for publication December 6, 1948. 

1 The data published in this paper have been taken from a thesis presented by the senior 
author to the Graduate School, CorneU University, in partial fulfillment of the requirements for 
the dmee of Doctor of Philosophy, September, 1948. 

2 Present address : Department of Dairy Production, University of Dlinois, Urbana, Dlinois. 
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EXPERIMENTAL PROCEDURE 

The semen samples used for these experiments were collected from the bulls of 
the New York Artificial Breeders’ Cooperative and examined by the procedures 
described earlier (17) . Each of the ten ejaculates used in testing the effects of in- 
cubation and storage under air, oxygen and nitrogen was diluted at the rate of one 
part of semen to four parts of the yolk citrate diluent (13). One ml, aliquots of 
the diluted semen then were measured into three series o'f four test tubes each. 
Each series consisted of one small 10 x 75 mm, tube and three larger 18 x 150 mm. 
tubes. The small test tube and one large test tube of each series then were stop- 
pered ; these were considered as being ‘ * under air. ’ ’ The other two large tubes of 
each series were closed with two-holed rubber stoppers equipped with one long and 
one short glass tube. One of these large test tubes of each series then was oxy- 
genated for 0.5 minute by allowing a slow stream of oxygen to blow on the surface 
of the diluted semen while the semen was agitated gently. Following oxygenation 
the tube was closed immediately by means of rubber tubes and pinch clamps. A 
similar operation was carried out with the remaining tube of each series using 
nitrogen. One series of the four variously treated tubes then was incubated for 
1 hour at 46.5® C. ; the other two series were cooled slowly and stored at 5® C. 

Aliquots of the diluted semen were taken prior to and at the end of incubation 
for 1 hour and after low-temperature storage of 4 and 10 days for analyses to 
determine the change in utilizable sugars and the accumulation of lactic acid. 
At the time when these analyses were carried out, the change in total reducing 
sugars was thought to be essentially a glucose loss; however, more recent findings 
by Mann ( 7 ) have shown the principal sugar in semen to be fructose. The changes 
in reducing sugar, called sugar loss, and lactic acid reported in this paper w'ere 
obtained by difference between analyses prior to and those after incubation and 
after low-temperature storage. Slight modifications of the micro blood sugar 
method of Horvath and Knehr (2) and the lactic acid method of Barker and 
Summerson (1) were used for the analyses. 

The percentage and rate of spermatozoan motility were estimated following 
both incubation and low-temperature storage. 

In testing the effectiveness of catalase in preventing the harmful action of 
oxygen on spermatozoa, ten ejaculates of bull semen at dilution rates of one part 
of semen to four or 100 parts of egg yolk-citrate diluent were used (11), One 
ml. aliquots of each then were measured into three series of four 1^ x 150 mm. 
test tubes. To two of the tubes of each series was added 0.1 ml. M/15 phosphate 
buffer containing approximately 0.2 to 0.4 of a unit of beef liver catalase ; the 
other two tubes of each series received 0.1 ml. additions of the phosphate buffer. 
One tube without and one tube with added catalase of each series then were 
stoppered and considered as being ‘‘under air”. The remaining two tubes of 
each series were oxygenated as described above. 

One series of each dilution rate was incubated for 1 hour at 46.5® C. and the 
other two were cooled and stored at 5®'C. At the termination of incubation and 
after 4 days and 10 days of low-temperature storage, the samples were opened 
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and the percentage and rate of spermatozoan motility estimated by microscopic 
examination. 

To test the effects of gentle mixing on spermatozoan livability during low- 
temperature storage and to determine simultaneously whether catalase would 
improve livability, ten samples of semen diluted at 1 : 4 and 1 : 100 with the yolk- 
citrate diluent were used. Four 15 x 125 mm. test tubes, two with 0.2 ml. M/15 
phosphate buffer added and two with 0.2 ml. of the phosphate buffer containing 
0.4 to 0.8 of a unit of catalase added, were prepared for each ejaculate and each 
dilution rate. Two ml. of diluted semen were added to each tube, mixed and the 
tubes stoppered and cooled to 5® C. 

During storage at 5® C., one tube with and one tube without added catalase 
of each dilution and each ejaculate was mixed gently at approximately hourly 
intervals. Bach gentle mixing consisted of inverting the tubes ten times very 
slowly during the course of about 0.5 minute and then removing the stoppers 
and replacing them after another 0.5 minute. This operation was carried out 
on the average of seven times a day for the ffrst 5 days and then discontinued. 
This was considered to duplicate to a large extent the conditions of mixing the 
semen at each breeding as carried out by inseminators in the field. 

The remaining tubes, one with and one without added catalase at each dilu- 
tion, were used as controls and were mixed only once a day at the time of examina- 
tion for motility. Motility examinations were made daily for 10 days on all 
samples. 

RESULTS 

Spermatozoan activity during incubation and storage under air, oxygen and 
nitrogen. The mean initial semen characteristics of the ten ejaculates used in 
this study were as follows: sperm count, 988,000 per mm.^; initial motility, 63 
per cent ; rate of motility, 3.65 (maximum « 4) ; and methylene blue reduction 
time, 10,5 minutes. The average quality of these ejaculates was slightly below 
that normally required for actual breeding by the New York Artificial Breeders’ 
Cooperative. 

The results of this study are summarized in table 1, where the means of the 
observations on the ten ejaculates during incubation and storage are presented. 
This table is arranged so that the results for the four tubes of a series fall into 
the order of decreasing quantity of oxygen in the tubes (Oa, large tube with a 
large volume of air, small tube with comparatively less air, and Na). 

From table 1 it can be seen that, with the exception of the small tube and 
large tube at low-temperature storage after 4 days, each decrease in the relative 
amount of oxygen present resulted in a slower decline in the percentage and rate 
of spermatozoan motility. Although the methods used did not give an absolute 
measure of the oxygen present, the results show that reducing the relative amount 
of oxygen sealed in the storage tube produced a notable increase in livability 
during incubation and low-temperature storage. An analysis of variance of the 
motility observalioiifl showed a highly significant difference between treatments 
(air, 0*, and Ni) for both percentage and rate of motility. 
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Under oxygen, less sugar disappeared during incubation and storage for 4 
days than was lost from the other treatments. However, after storage for 10 
days there were no significant differences in sugar losses between any of the treat- 
ments. This was the same as was found earlier when sugar disappeared after 
storage for 10 days independent of semen quality (12). 

Lactic acid gain, on the other hand, paralleled the increases in motility with 
the exception of the nitrogen treatment. In every case less lactic acid accumu- 
lated under nitrogen than under air, but more than under oxygen. Under oxy- 
gen less lactic acid was present at 10 days than was present at 4 days. This sug- 
gests that the lactic acid was oxidized. 

The figures for the percentage recovery of sugar lost as lactic acid indicate 
that during storage for 4 days lactic acid was produced from some source other 

TABLE 1 


Mea/a per cent moiUUyt rate of motility, sugar loss, lactic acid gain and per cent recovery of 
sugar lost lactic acid in 10 ejaculates of hull semen after inouhation and low 
temperature storage under air, oxygen, and nitrogen 


After incubation for 1 hr. 



After storage at 5® C. 



at 46.5“ C. 



4 days 



10 days 


^ Large Small 

tube* tube® 

N. 

0. 

Large 

tube® 

Small 

tube® 

N, 

0. 

Large 

tube® 

Small 

tube® 

N. 

Motility (%) 

1 21 30 

40 

34 

55 

55 

63 

10 

32 

34 

39 

Bate of motility (max. r 
0.1 1.2 1.6 

4.0) 

2.2 

1.7 

3.1 

3.1 

3.3 

0.5 

1.4 

1.6 

1.8 

Sugar loss (mg./lOO ml.) 

31 51 62 60 

30 

58 

60 

47 

84 

89 

78 

88 

Lactic acid gain (mg./lOO ml.) 
24 45 50 49 

41 

53 

59 

48 

31 

65 

68 

52 

Becovery of sugar lost as lactic acid (%) 

77 88 81 82 137 91 

98 

102 

37 

73 

87 

59 


• Under air. 


than the sugar, since the sugar loss was not enough to account for the accumu- 
lated lactic acid. From the percentage recovery of sugar lost as lactic acid 
under nitrogen during storage for 10 days it appears that either lactic acid is 
utilized by the spermatozoa, thus reducing the total accumulation, or that some 
of the sugar lost is broken down to a product other than lactic acid. Lardy and 
Phillips (4) have indicated that spermatozoa can utilize lactic. acid for the main- 
tenance of motility. 

Prevention of the ill effects of oxygen on spermatozoa hy the use of catalase. 
The results in the study of ten ejaculates of semen stored under oxygen and under 
air, with and without added catalase, are presented in table 2. Prom these data 
it can be seen that oxygen again was harmful to spermatozoan motility, thus con- 
firming the findings of the first experiment. The presence of catalase in semen 
diluted either at the low or high rate and incubated or stored under oxygen was 
effective in maintaining a higher percentage of motile spermatozoa and at a higher 
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TABLE 2 

Heart percentage and rate of apermaiosoan motility of 10 ejaculates of hull semen at two 
dilution rates after incubation and storage under oxygen and air ^ith and without 
added catalase, (Mean initial motility 63%; rate, 3,2) 


After incubation for 
1 hr. at 46.5“ C. 


After storage at 5“ C. 


10 days 


Cat. 

Air 

Air + 
Cat. 

0. 

■** Air 

Cat. 

Air + 
Cat. 

0. 

O 2 + 
Cat. 

Air 

Air + 
Cat. 

Motility (%) 

4 42 

41 

44 

14 

1 : 4 Dilution 
38 40 

43 

8 

17 

8 

22 

Bate of motility* 
0.3 2.2 

2.4 

2.5 

0.6 

1.8 2.0 

2.2 

0.4 

0.8 

0.4 

1.0 

Motility (%) 

1 20 

14 

19 

1 

7 

: 100 Dilution 
24 30 

37 

1 

3 

3 

10 

Rate of motilitv* 
0.1 1.4 

1.2 

1.4 

0.4 

1.3 1.5 

1.7 

0.1 

0.1 

0.2 

0.5 


“ Maximum =: 4. 


rate of motility. The results show that those samples stored under oxygen in the 
presence of catalase maintained their rate and percentage of motile spermatozoa 
as well as, or better than, those under air during incubation and after storage for 
10 days at 5® C. However, after 4 days at 5"^ C., motility was slightly better in 
the samples stored under air than under oxygen with added catalase. 

Without excej)tion the samples under air to which catalase had been added 

TABLE 3 

Comparison of the effects of gentle mixing versus no mixing on the mean per cent of motile 
sperm m 10 ejaculates of hull semen at two dilution rates stored with and without 
added catalase. (Mean tmtial motility, 63%) 

Days Storage at 5® C. 


Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


(%) 

(%) 

(%) 

(%) 

(%) (%) 
1:4 Dilution 

(%) 

(%) 

(%) 

(%) 

Non-mixed* 

Control 

56 

53 

47 

42 

34 

24 

16 

10 

6 

4 

+ Cat. 

56 

53 

48 

46 

42 

36 

32 

24 

15 

12 

Mixedb 

Control 

55 

50 

37 

31 

23 

16 

9 

6 

4 

2 

+ Cat. 

56 

52 

47 

42 

38 33 

1:100 Dilution 

28 

17 

12 

9 

Non-mixed 

Control 

54 

45 

37 

26 

17 

8 

4 

4 

2 

1 

+ Cat. 

54 

45 

38 

35 

26 

20 

17 

12 

7 

7 

Mixed 

Control 

54 

41 

26 

18 

10 

5 

2 

2 

2 

1 

+ Cat. 

54 

44 

36 

28 

20 

15 

10 

8 

5 

5 


• Non-mixedxno mixing except at the daily obeen^ations. 

b Mixed =; gently mixed by inverting, this operation repeated on the average of 7 times a 
day for the first 5 days. * 
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were higher in per cent and rate of spermatozoan motility than the samples under 
air but without the added catalase. After storage for 4 days at 5*^ C. the samples 
diluted at the rate of 1 to 100 averaged 7 per cent more motile sperm than when 
no catalase was added. This suggests that the addition of catalase to diluted 
semen used in routine breeding in the field might lengthen its useful life. 

From the protective action of catalase found in these studies it seems reason- 
able to postulate that at least a part of the deleterious effects of high oxygen ten- 
sion on spermatozoan motility is caused by increased H 2 O 2 production. The in- 
creased production of H 2 O 2 in turn results in the more rapid death of the sperma- 
tozoa. 

The effects of gentle mixing on spermatozoan motility in diluted semen and 
the beneficial action of catalase. The effects of gentle mixing on the maintenance 
of spermatozoan motility in the presence and absence of added catalase are shown 
in table 3. The data on the rate of spermatozoan motility closely paralleled that 
for percentage motility and therefore are not presented here. Qentle shaking re- 
duced considerably the percentage of spermatozoan motility in the control 
samples at both the 1 : 4 and the 1 : 100 dilution rates. However/ if the mixed 
samples contained added catalase, motility was maintained better than in non- 
mixed samples without added catalase. In fact, the presence of added catalase 
slowed the decline in the percentage of motile spermatozoa in both the mixed and 
non-mixed samples. Livability was greatest in the non-mixed samples with 
added catalase. Next were the mixed samples with added catalase, followed by 
the non-mixed samples without added catalase. The maintenance of motility was 
poorest in the mixed samples without added catalase. This latter group was near- 
est to the conditions normally carried out in the field in routine artificial breeding. 

Since catalase was effective in preventing the ill-effects of gentle shaking, it 
seems reasonable to conclude that the effect of shaking was due primarily to the 
increased production of H 2 O 2 by the spermatozoa, and not to mechanical injury. 
Mercier (8) found that increased gentle shaking did not increase the number of 
tailless heads or abnormal forms of spermatozoa found in slides prepared for 
staining. 

The beneficial action of catalase, when samples received minimum mixing 
necessitated by the daily examinations, indicates that the spermatozoa were pro- 
ducing H 2 O 2 even when subjected to little extra aeration. 

DISCUSSION 

Although the oxygen concentrations were not controlled carefully, the results 
of the first experiment indicated that near-anaerobic conditions were desirable for 
the maintenance of bovine spermatozoan motility. This is similar to the findings 
of MacLeod (5), who has shown that the higher the oxygen tension the quicker 
human spermatozoa lose their motility. Thus for artificial breeding purposes, 
diluted bull semen dbiould be stored'^in test tubes with a minimum of air space left 
above the semen. Storage tubes of various sizes should be used to ship the semen 
in order to have each tube as nearly full as possible in order to cut down on the 
voliime of air and minimize the deleterious effects due to oxygen. 
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Since the present-day methods of shipping and handling bull semen for use 
in artificial insemination involve unavoidable gentle-mixing procedures, the re- 
sults of the experiments presented here suggest that adding catalase to semen 
diluted with the egg yolk-citrate would prove beneficial. The production of hy- 
drogen peroxide undoubtedly is increased by mixing procedures. Added catalase 
would aid in the rapid destruction of the increased quantities of hydrogen per- 
oxide produced and thereby maintain a less toxic environment for the sperma- 
tozoa, thus promoting longer livability. An experiment to test the effects of 
added catalase on conception results in routine artificial breeding in the field is 
underway and will be reported at a later date. 

SUMMARY 

1. Bovine spermatozoan activity was studied in the egg yolk-citrate diluent 
during incubation at 46.5® C. and storage at 5° C. under air, oxygen and nitrogen, 
under air and oxygen with and without added catalase, and during storage when 
subjected to minimum and routine mixing procedures with and without added 
catalase. 

2. Oxygen produced deleterious effects which were manifested by decreased 

motility and livability of the spermatozoa and a reduction in their ability to con- 
vert sugar to lactic acid. ^ ^ 

3. Oxygen damage to spermatozoa was largely eliminated when catalase was 
added to the diluted semen. 

4. Gentle mixing shortened the life of stored bull spermatozoa in the yolk- 
citrate diluent, but the presence of added catalase in mixed samples obliterated 
the harmful effects of mixing. 

5. The effectiveness of catalase in preventing the harmful action of oxygen 
and shaking on buU spermatozoa in the egg yolk-citrate diluent led to the con- 
clusion that increased aeration and higher oxygen tensions speed the production 
of hydrogen peroxide by the spermatozoa and this in turn produces a toxic en- 
vironment, shortening the life of the spermatozoa. 

6. The results suggest that a minimum of air space be left above the diluted 
semen that is stored and shipped in routine artificial breeding and that semen 
samples should be subjected to a minimum of mixing. 
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USB OF DEHYDRATED BANANA MEAL IN THE RATIONS 
OF DAIRY CALVES^' « 

W. D. PYOCK AND a B. KNODT 
Fennayilvania AgriovXiuraX Experiment Station 

Dehydrated banana meal, because of its high pectin content, palatability 
and the proven value of bananas in the treatment of diarrhea in infant and adult 
humans (1, 2, 3, 4, 5) appeared to be of possible value in the rations of dairy 
calves. Analysis of dehydrated banana meal prepared from whole bananas in- 
dicated the following composition: crude protein, 4.70 per cent; ether extract, 
3.10 per cent; nitrogen free extract, 76.10 per cent; crude fiber, 4.30 per cent; 
pectins and tannins, 9.15 per cent. A review of available literature revealed no 
reports relative to the use of this product in animal feeds. 

The objective of the trials presented in this report was to determine the value 
of dehydrated banana meal for growth and for the prevention of scours in dairy 
calves. 


EXPERIMENTAL PROCEDURE 

Six groups of 10 Holstein male calves each were used in the trials presented 
in this report. The calves were obtained in eastern Pennsylvania from private 
and state-owned herds. At the beginning of the trials, the calves were divided 
into six comparable groups on the basis of body weight, height at withers, cir- 
cumference of the chest, and age. 

The calves were housed in an artificially heated and ventilated bam. They 
were maintained in individual pens provided with a water bowl, grain box, hay 
rack and salt block. The calves were distributed throughout the barn to avoid 
as much as possible any positional effects. Measurements of body weight, height 
at withers and chest circumference were taken each Tuesday at 9 : 00 a.m. and 
the calves always were weighed in the same order. Daily observations were made 
of the condition of the feces of each calf. All observations were made by the 
same person to minimize as much as possible any variation. Six categories were 
set up relative to the general character of the feces as follows : W = white scours ; 
WB • white scours with blood; N » normal ; N1 « loose ; N2 » loose + ; N3 « very 
loose ; N4 » watery. 

All calves were given one bolus (4 g.) of sulfatbalidine at the time of each 
of the first four feedings after arrival at the experimental barn. If scours oc- 

Beeeived for pubUcaUca December 9, 1948. 

1 Taken from data presented in a thesis to the graduate facultjr of the Pennsylvania State 
College by W. D. Pyock in partial fulfillment of the requirements for the degree of Master of 
Soienee. 

s The authors wish to express their appreciation to the United Fruit Company, New York, 
N* T., for a research grant which assisted in making this study possible, and to Sharp and 
Dohme, Ine., Olenolden, Pennsylvania, for supplying the sulfatbalidine used in this trial. 

s Authorised for publieation on November 19, 1948, as paper No. 1489 in the journal series 
of the Petmiyhraaia Agrieultnral Experiment Station. 
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curred and lasted more than 24 hours daring the trial, the calf again received 
the above treatment 

The calves were fed vdiole milk, which averaged about 3.7 per cent butterfat, 
from the College research herd, ^is was fed twice a day according to the fol> 
lowing schednle : 

1-4 weeks 10 lb. per day 

5 ,, 3 >1 »> 

g „ g .» I» M 

99 4 >> 99 9 9 

In addition to milk, the calves were fed their respective group grain mixture 
ad libitum up to 6 lb. per day. All of the grain mixtures as presented in table 
1 contained approximately 17.35 per cent of digestible protein. Group I served 


TABLE 1 
SatioM vted 


Ingredients 

Group 

Group 

II 

Group 

III 

Group 

IV 

UfivifLnft. niAJi.1 „ „ ,,, , 

0 

(».) 

100 

400 

800 

Oround yellow com .... . 

600 

500 

200 

125 

BoUed oats 

500 

488 

450 

50 

Wlteat bran 

200 

200 

200 

200 

Soybean meal 

250 

262 

300 

87«r 

Dried skim milk* 

400 

400 

400 

400 

Salt 

20 

20 

20 

20 

Ground limestone 

10 

10 

10 

10 

Steamed bonemeal «... 

10 

10 

10 

10 

Vit. A oil (3300 USP units/g.) 

8 

8 

8 

8 

Irradiated yeast 

2 

2 

2 

8 

Estimated dig. protein (%) 

17.38 • 

17.30 

17.88 

17.43 


. At the end of 4 montiis 300 Ib. of soybean meal were substituted for 800 lb. of sUm 
powder. 

as a control group and received no banana meal Group II received a ration 
containing 5 per cent banana meal; group III, 20 per cent; and group IV, 40 
per cent. Groups V and VI received tiie basal ration plus 2 and 4 ounces of 
banana meal, respectively, twice daily, mixed wilh ^ milk fed. The whole 
milk was fed to these groups at the same rate as to the other, four groups. 

During the first 4 weeks, orchard grass-alfalfa hay of good qudily was fed 
ad libitum. After the first 4 weeks, good quality alfalfa hay was fed ad libitum. 
The calves in groups I, II, HI and IV were on the trial 24 weeks. The calves 
in. groups V and VI were on trial for 8 weeks, 1 week in addition to the milk 
feeding period. 

tmavK 

Growth. The relative rates of growth of the various groups of calves were 
recorded in terms of pounds of body vr^ht, indies of chest dbcumbtenee an4 
hds^t at withers in inches. The snmmamed ^ta at 8 and. Utnekh dO px^ 
8etrtedin^le2. The most rapid growth durintrtiiie first. 8 weeks was made by 
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TABLE 2 

Bates of growth of calves^ 



Group 

Group 

II 

Group 

III 

Group 

IV 

Group 

V 

Group 

VI 



Body weight (lb.) 



Initial 

102.0 

100.7 

99.7 

99.0 

103.2 

111.9 

8 weeks ..... 

174.3 

175.6 

168.9 

181.4 

155.4 

186.6 

24 weeks ■. 

432.6 

445.6 

420.8 

428.6 






Height at withers (in.) 



Initial 

29.7 

29.5 

29.8 

30.0 

29.9 

29.8 

8 weeks — 

38.0 

33.0 

33.0 

33.7 

32.6 

33.5 

24 weeks ... 

41.7 

41.2 

41.2 

41.2 





Chest circumference (in,) 



TnitiRl . .. . 

81.7 

31.5 

32.0 

31.5 

31.2 

33.3 

8 weeks .. .. 

37.6 

37.8 

37.1 

37.9 

36.4 

38.2 

24 weeks .. 

51.3 

51.6 

51.0 

51.8 





• Each datum represents a mean of the observations on all calves in the given group at 
the given time. 

group IV. This group gained an average of 1.47 lb. daily as compared to 1,29, 
1.34, 1.24, 0.93 and 1.33 lb. for groups I, II, III, V and VI, respectively. 
The lowest rate of growth, as indicated by body weight gain, was in group V, 
which was the group that received 2 ounces of banana meal mixed with each of 
two daily milk feedings. Statistical treatment of the data by analysis of vari- 
ance indicated that there was no significant difference among groups in body 


TABLE 3 


Inoidenee of abnormal feces and use of sulfathalidine treatments during first 8 weeks 

(10 calves per group) 



Group 

Group 

Group 

Group 

Group 

Group 


I 

n 

m 

rv 

V 

VI 

No. of easea«*i> 







W 

0 

3 

2 

1 

8 

5 

WB - 

0 

0 

0 

0 

0 

3 

N1 

14 

15 

20 

22 

12 

8 

N2, 

2 

3 

5 

2 

4 

7 

NS 

N4 - 

0 

4 

0 

0 

2 

2 

1 

2 

0 

0 

3 

5 

Total 

. 20 

21 

81 

27 

24 

31 

No. calves haviag 

8 

abnonnal feces* 

7 

9 

9 

10 

9 

Av. durafion (days) 

1.5 

1.4 

1.7 

1.1 

1.1 

2.7 

No. reeeiviag one treatment 



1 

4 

2 

2 

5 

4 

No^ reeelviiif 8 or more 

BUlf ahhahmie treatme^ 

• 1 

0 

4 

1 

2 

1 


• After iaffial treetaiAat. 

SCQUm 

WB Tsirhlte seours with bloed 
Kl^leose 

Kft8:w#,l4oie 
itnAvtr 
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weight after being on the trial 8 weeks. There was little variation in height at 
withers of the six groups at 8 weeks, the average daily gain beu^( 0.06 inches 
for each group. The average daily gain in chest circumference at 9 weeks was 
0.11, 0.11, 0.09, 0.11, 0.09 and 0.07 inches for groups I through VI, respectively. 
The differences were not great enough to be significant statistically at 8 weeks. 

Measurements of body weight obtained at 24 weeks showed greater variation 
than did the other measurements. The average daily gains at this period were 
1.97, 2.05, 1.91 and 1.96 lb. for groups I through TV, respectively. All four 
groups were well above the standards reported by Bagsdale (6) for body weight 
at 24 weeks. Analysis of variance indicated no significant differences among 
the four groups in body weight during the trial. Very slight differences were 
observed among groups in measurements of height at withers at 24 weeks. Av- 
erage daily gains at this period were 0.071 inches for group I and 0.067 inches 


TABLE 4 

InddeneB of Scours During t4‘Week Trial (10 calves per group) 



Group 

Group 

II 

Group 

III 

Group 

IV 

No. of cases* 

W 

0 

4 

3 

1 

WB 

0 

0 

0 

0 



24 

22 

38 

31 

N2 

1 

4 

6 

6 

M’S 

0 

0 

1 

1 

N4 ..«• 

0 

0 

2 

3 

Total- 

2? 

30 

50 

42 

Ay. duration of scours (days) 

1.60 

0.93 

. 1.30 

1.33 

No. calves having scours . ... - 

8 

9 

9 

9 

No. calves that received only one sulfa- 

thalidine treatment — — 

1 

4 

2 

1 

No. calves receiving 2 or more sulfa- 

thalidine treatiuents 

1 

0 

4 

2 


• See table 3. 


for groups II, III and IV ; the differences were not significant statistically. 
Gfrowth in height at withers when compared to the standards reported by Bags- 
dale (6) was well above normal at the end of the 24-week feeing trial. The 
average daily gains in chest circumference after the calves were on the feeding 
trial for 24 weeks were 0J12, 0.12, 0.11 and 0.12 inches for groups I through IV, 
respectively, and there were no statistically mgnificant differences. All groups 
were above normal when compared to the standards reported by BagadnU (g) 
relative to chest circumference after 24 weeks on the feeding triaL 

Condition of feces. Data relative to the eases of abnomal feces are smn- 
marized at 8 and 24 weeb in tables 3 and 4, respectively. Under the. conditions 
of this experiment there appears to be no rdation between the amount of hawif* 
meal in the ration of duty calves and the condition of the feees. 

Uni« the average darstion. ot idmormal itecer as a uiitsrion, appean 
to be some value in the use of banana meal in the eoBtnd of fids eonditioB. ’While 
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it did not decrease the incidence, it did decrease the severity at both 8- and 
24-week periods, as indicated by the average duration of cases. 

Feed. Indications are that dehydrated banana meal in the grain ration in- 
creased the palatability of the rations used in these trials (table 5). While the 
total grain consumption during the 24 weeks of the trial shows little variation 
between groups, there was considerable variation among amounts of grain con- 
sumed by each group during the first 6 weeks. These figures indicate that during 
the period when grain feeding was primarily ad libitum, the palatability of the 
grain mix was in direct proportion to the amount of banana meal in the grain 
mixture. 

The total hay consumption during the first 6 weeks showed a tendency for 
the amount of hay consumed to decrease as the amount of grain mixtures con- 
sumed increased during this period. 

Little variation was found among groups in the amount of grain consumed 
per lb. of gain. Group I required 25.0 lb. of grain per lb. as compared to 21.3, 

TABLE 5 

Grain and Bay Consumption 



Group 

Group 

II 

Group 

III 

Group 

IV 

Group 

V 

Group 

VI 

Grain first 6 weeks 

375 

390 

(Xb.) 

423 

586 

422 

384 

Total grain 

7105 

7349 

7124 

7209 

712 

835 

Hay first 6 weeks 

257 

268 

237 

189 

144 

207 

Total hay 

8279 

7754 

6855 

7622 

470 

388 


22.2 and 21.9 for groups II, III and IV, respectively. Hay consumption per 
lb. of gain was 26.0, 22.5, 21.3 and 23.1 lb. for groups I through IV, respectively, 

CONCLUSIONS AND SUMMARY 

1. A study has been conducted to determine the value of dehydrated banana 
meal in the rations of Holstein bull calves. Grain rations containing 5, 20 and 
40 per cent of banaim meal were fed for a period of 24 weeks. The calves in 
two additional groups each received 2 and 4 ounces of dehydrated banana meal 
twice per day mixed with the regular milk feeding during the 7-week period of 
milk feeding. 

2. The inclusion of dehydrated banana meal in grain rations at the levels used 
or in the milk fed did not increase significantly the rate of growth in terms of 
body weight, chest circumference or height at withers during the trial. Simi- 
larly, the feeding of 2 and 4 ounces of dehydrated banana meal with each of the 
twice-per-day milk feedings did not affect significantly the rate of growth during 
the 7-week milk-feeding period. 

3. Addition of 5, 20 and 40 per cent dehydrated banana meal to the grain 
ration or the mixture of 2 and 4 ounces of banana meal with each milk feeding 
did not reduce significantly the incidence of scours under the conditions of these 
trials. 
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4. The dehydrated banana meal did improve the palatability of the rations 
nsed. Under the conditions of these trials, banana meal could be used to replace 
part of the ground yeUow com and rolled oats in the rations of dairy calves. 
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THE EFFECT OF PREPARTUM VITAMIN A SUPPLEMENTATION ON 
THE HEALTH AND PERFORMANCE OF THE YOUNG CALF 

A. A. SPIELMAN,! H. D. EATON,i J. K. LOOSLI and K. L. TURK 
Department of Animal Husbandry, Cornell Uni/oersity, Ithaca, New York 

The relationship of the quantitative and qualitative factors of the maternal 
diet other than extreme deficiencies to the health of the newborn calf has received 
only limited attention, yet it is apparent that liot only is such information of 
physiological significance but also of economic importance to the dairyman. 

Spielman et aL (21, 22) and Wise et aL (25) were able to demonstrate an 
increased amount of vitamin A in the blood and livers of newborn calves and 
in colostrum when the dams were fed supplementary vitamin A during the later 
stages of the gestation period. 

The purpose of the present study was to determine the effect of prepartum 
vitamin A supplementation on the health and performance of the young calf. 

EXPERIMENTAL PROCEDURE 

A total of 59 cows of the Brown Swiss, Guernsey, Holstein and Jersey breeds 
calving in the Cornell University herd from October, 1946, to July, 1947, were 
allotted to one of four dietary groups 30 days prior to the calculated parturition 
date. Breed, age, number of previous gestations, length of dry period and 
previous feeding history were considered in placing cows in a particular dietary 
grouping. The four dietary groupings w’ere as follows: (a) a basal ration of 
good quality timothy and clover mixed hay, corn silage and a grain mixture 
containing 12 per cent crude protein; (b) basal ration plus 1 million LU. of 
vitamin A daily in the form of alfalfa leaf meal; (c) basal ration plus 1 million 
I.U. of vitamin A daily as vitamin A alcohol; (d) basal ration plus 1 million I.U. 
of vitamin A daily as vitamin A ester. The hay and silage contained an average 
of 11.8 and 5.0 y of carotene per g., respectively, as determined by the method 
of Moore and Ely (10) as modified by Nelson et aL (11). Cows calving during 
October and November received a limited amount of fall pasture. These cows 
were divided equally among dietary groupings. The dehydrated alfalfa leaf 
meal contained an average of 114 mg. of carotene® per lb. It was hand mixed 
with the grain and fed once daily. The alcohol and ester forms of vitamin A®*® 
were administered orally once daily in capsules. The potencies of the alcohol 
and ester forms of vitamin A, as measured by the Evelyn photoelectric col- 
orimeter, were on the average 13.75 and 13.65 mg. of vitamin A per g. of oil. 

Received for publication December 13, 1948. 

1 Now at the University* of Connecticut, Storr^ 

s It was asBumed that 0.25 y of vitamin A was equivalent to 1 I.U. of vitamin A and that 
0.6 y of carotene was equivalent to 1 I.U. of vitamin A. 

> The alcohol form of vitamin A was diluted in corn oil and was manufactured to contain 
55,000 I.U. of vitamin A per g. The ester form of vitamin A was made up of the ester form 
of fish liver oil and manufactured to contain 55,000 I.U. of vitamin A per g. Both vitamin A 
supplements were supplied by Dr. Andrd E. Briod of the Nopco Chemical Company, Harrison, 
New Jeney. 
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Calves were left with their dams for the first 8i days after birth. They then 
were moved to individual pens and raised according to the Cornell dry-calf 
starter method (23). Milk was fed twice daily from nipple pails. Bach calf 
received its mother’s milk up to 8 days of age and thereafter herd milk. Starter 
and mixed timothy and clover hay were fed free choice, and water was before 
the calves at all times. Peed intakes and refusals were recorded. Calves were 
weighed at birth and at weekly intervals thereafter up to 4 weeks of age. Blood 
samples were drawn from the jugular vein at birth and at weekly intervals 
thereafter up to 4 weeks of age. Plasma carotene and vitamin A were deter- 
mined by the method of Kimble (8). 

TABLE 1 


The effect of the prepartum diet on the carotene content of the plasma of young calves^ 


Breed 

No. of 

calves 

Carotene content of plasma (y/lOO ml.) at ages of: 


Birth 

1 week 

2 weeks 

3 weeks 

4 weeks 





* Controls 




Holstein 

14 

2.5 ± 0.4 

11.9 ± 1.9 

10.5 ± 1.6 

32.5± 2.0 

17.9 ± 

3.5 

Brown Swiss 

2 

1.5 + 1.5 

19.5 ± 1.5 

14.5 ± 0.5 

11.5 ± 6.5 

25.5 ± 

1.5 

Guernsey 

2 

2.0 ±2.0 

29.3+ 8.3 

25.8 ± 6.3 

35.5 ± 14.5 

28.5 ± 10.5 

Jersey 

1 

1.0 

30.0 

38.0 

30.0 

39.0 


All Breeds 

19 

2.3 ±0.4 

15.7 ± 2.2 

14.2 ± 2.2 

15.8 ± 2.6 

21.1 ± 

3.0 





Alfalfa leaf 

meal 



Holstein 

9 

2.8 ±0.8 

15.1 ± 3.3 

14.4+ 3.1 

15.1 ± 2.4 

13.8 ± 

1.9 

Brown Swiss 

2 

3.0 ± 0.0 

16,0 ± 5.0 

14.5 ± 5.5 

11.5± 2.5 

23.5 ± 

0.5 

Guernsey 

2 

3.5 ±1.5 

56,0 ± 3.0 

27.0 ± 3.0 

35.5 ± 2.5 

39.0 ± 

0.0 

Jersey 

1 

5.0 

20.0 

14.0 

21.0 

30.0 


All Breeds 

14 

3.1 ±0.5 

21.9 ± 4.6 

16.2+ 2.4 

17.9 ± 2.6 

20.0 ± 

2.8 




Alcohol form of vitamin A 



Holstein 

5 

2.6 ± 0.8 

16.2 ± 3.6 

» 17.0 ± 2.7 

21.8 ± 4.0 

21.0 ± 

2.6 

Brown Swiss 

1 

2.0 

30.0 

24.0 

54.0 

35.0 


Guernsey 

2 

5.0 ±3.0 

39.0 ±21.0 

35.0 ± 21.0 

44.0 ±27.0 

32.0 + 24.0 

Jersey 

1 

3.0 

23.0 

14.0 

26.0 

20.0 


All Breeds 

9 

3.1 ±0.8 

23.6 ± 5.2 

21.4 ± 4.7 

30.8+ 6.6 

24.9 ± 

4.7 




Meter form of vitamin A 



Holstein 

11 

2.7 ±0.6 

13.4 ± 1.5 

14.8 ± 2.7 

17.1 ± 3.2 

17.5 ± 

2.7 

Brown Swiss 

2 

1.0 ±1.0 

10.0 ± 2.0 

10.5 ± 1.5 

17.0 ± 6.0 

21.5 ± 

8.5 

Guernsey 

1 

6.0 

27.0 

27.0 

35.0 

32.0 


Jersey 

2 

3.0 ±1.0 

41.6 ± 3.5 

47.0 ± 3.0 

52.0 ± 1.0 

37.0 ± 

7.0 

All Breeds 

16 

2.8 ±5.0 

17.3+ 2.8 

19.1 ± 3.4 

22.6 ± 3.8 

21,3 ± 

2.7 


• Values given are mean ± standard error of the mean. 


The data were treated statistically by analysis of variance as described by 
Love (9). Only Holstein calves were included in the reported analyses of the 
data because of the unequal distribution between grouping of calves of the other 
breeds. However, analysis including all breeds gave essentially the same dif« 
ferenoes as when only Holstein calves were included. Only those differences 
significant at the 1 per cent level are included as real differences. In the case 
of scours, the total number of days each calf was free from scours was divided 
by the total number of experimental days and the resulting quotient multiplied 
by 100 to give a percentage. The percentage then was converted to the appropri- 
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ate angle from Bliss’s tables which are contained in Snedecor (17). The angles 
thus obtained then were used in analysis of variance to test for significance. 

RESULTS 

The levels of carotene in the blood plasma of the calves are listed in table 1. 
Holstein calves from dams fed the alcohol form of vitamin A were significantly 
higher in plasma carotene on the basis of all of the experimental data than calves 
from dams in the other three dietary groupings. Also, those calves from dams 
fed the ester form of vitamin A were higher in plasma carotene than those calves 
from dams fed alfalfa leaf meal. At any one age no significant differences were 

TABLE 2 

The effect of the prepartum diet on the vitamin A content of the plasma of young calves 


Vitamin A content of plasma znl.) at ages of: 


Breed 

calves 

Birth 

1 week 

2 weeks 

3 weeks 

4 weeks 

Holstein 

14 

3.6 ± 0.5 

12.5 ±1.9 

Controls 
12.8 ± 1.5 

10.0 ±0.9 

9.9 ± 6.6 

Brown Swiss 

2 

3.0 ± 0.9 

15.7 ±0.2 

11.8 ±0.8 

11.8 ± 3.2 

13.3 ± 1.7 

Guernsey 

o 

2.7 ±0.4 

19.6 ±4.7 

11.8 ± 5.0 

10.4 ± 1.1 

9.0 ±2.7 

Jersey 

1 

5.3 

11.9 

11.6 

6.9 

7.8 

All Breeds 

19 

3.5 ± 0.4 

13.6 ± 1.5 

12.5 ± 1.1 

10.0 ±0.7 

10.1 ± 0.6 

Holstein 

9 

4.5 ±0.7 

11.1 ±1.8 

Alfalfa leaf meal 

10.3 ±1.2 10.2 ±1.0 

9.0 ±0.8 

Brown Swiss 

1 

1.9 ±0.9 

11.2 ±0.8 

7.3 ±0.4 

10.3 ± 0.4 

10.9 ±1.4 

Guernsey 

2 

0.3 ± 0.3 

8.1 ±3.7 

9.3 ± 4.5 

8.5 ±0.2 

9.0 ±4.6 

Jersey 

1 

2.0 

12.2 

8.1 

9.0 

4.7 

All Breeds 

9 

3.3 ± 0.7 

10.7 ±1.2 

9.6 ± 1.0 

9.9 ± 0.6 

8.9 ± 0.8 

Holstein 

5 

7.2 ± 0,8 

Alcohol form of vitamin A 

16.3 ±2.7 12.6 + 2.0 12.8 ±1.9 

13.7 + 3.1 

Brow*n Swiss 

i) 

8.5 

17.6 

15.1 

16.5 

11.3 

Guernsey 

2 

7.9 ±0.5 

13.1 + 5.3 

10.8 ±2.2 

14.1+4.8 

11.1 ±1.2 

J ersey 

1 

5.6 

26.3 

6.6 

11.0 

11.9 

All Breeds 

14 

7.3 ± 0.5 

16.8 ±2.1 

11.8 ± 1.4 

13.3 ± 1.4 

12.6 ± 1.2 

Holstein 

11 

9.9 ± 0.6 

Ester form of vitamin A 

17.1 ± 1.9 14.2 ± 1.1 13.7 ± 1.0 

13.1 + 0.7 

Brown Swiss 

2 

5.9 ±1.3 

12.1 ± 1.1 

13.8 + 3.1 

10.8 ±0.8 

10.0 ±0.1 

Guernsey 

1 

3.3 

11.6 

11.6 

9.1 

8.4 

Jersey 

2 

8.4 ±5.7 

22.8 ±5,7 

13.7 ± 0.6 

13.2 ± 2.7 

19.6 + 3.8 

All Breeds 

16 

8.8 ± 1.6 

16.8 ±1.6 

13.9 ±0.8 

12.9 ± 0.8 

13.2 ± 0.7 


found between groupings. Calves within a grouping varied significantly among 
themselves during the experimental period and with age (table 1). 

Vitamin A levels in the plasma of calves are given in table 2. Calves from 
dams fed either form of vitamin A were significantly higher in the level of 
plasma vitamin A based on all the experimental data than calves from control 
dams or from dams fed alfalfa leaf meal. There were no real differences between 
either group of calves from dams receiving supplemental vitamin A or between 
calves from control dams and dams fed alfalfa leaf meal. Significant differences 
existed at birth and at 3 and 4 weeks of age but not at other specific ages. Calves 
within an experimental grouping showed significant changes in the blood plasma 
vitamin A levels with age and among themselves (table 2). 
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The liveweight gains, as shown in table 3, were signiOeantly higher for those 
calves from dams fed either form of vitamin A than for those calves from dams 
fed alfalfa leaf meal or dams fed the basal ration alone. In addition, calves 
from dams fed alfalfa leaf meal were significantly heavier in liveweight than 
calves from control dams. At any one age, the only statistical difference was 
at 4 weeks of age when calves from dams fed the ester form of vitamin A were 
significantly heavier in liveweight than calves from control dams (table 3). 


TABLE 3 

The effect of the perpartum diet on the liveweight of young calves 


Breed 

No. of 



Age 



calves 

Birth 

1 week 

2 weeks 

3 weeks 

4 weeks 



(lb-) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 





Controls 



Holstein 

14 

95 ± 4 

95± 4 

QS-t- 4 

101 ± 4 

108 ± 4 

Brown Swiss 

2 

98 ± 2 

98 ± 3 

100 ± 1 

106 ± 1 

113 ± 0 

Guernsey 

2 

68 + 22 

67 ±23 

66 ±22 

73 ±28 

78 ±30 

Jersey 

1 

56 

56 

59 

63 

72 

All Breeds 

19 

90 ± 4 

90 ± 4 

92± 4 

96± 4 

103 ± 4 





Alfalfa leaf meal 



Holstein 

9 

98+3 

99± 3 

102 ± 3 

108+ 4 

117 ± 4 

Brown Swiss 

2 

80 + 10 

88 ±16 

83 ±20 

92 ±23 

100 ±20 

Guernsey 

2 

83+6 

85± 8 

87 ± 9 

86 ±15 

98+ 9 

Jersey 

1 

48 

49 

54 

56 

57 

All Breeds 

14 

90+ 4 

92± 4 

94± 5 

99± 4 

107 ± 6 




Alcohol form of vitamin A 


Holstein 

5 

102+ 6 

107 ± 6 

108 ± 6 

115+ 8 

126 ±10 

Brown Swiss 

1 

77 

79 

85 

103 

104 

Guernsey 

2 

74+2 

76± 3 

80 ± 5 

86± 3 

91 ± 7 

Jersey 

1 

55 

55 

‘ 47 

56 

65 

All Breeds 

9 

88+ 7 

91± 7 

92± 8 

101 ± 8 

109 ± 9 




Ester form of vitamin A 


Holstein 

11 

98± 2 

101 ± 3 

107 + .3 

115 ± 3 

124 ± 4 

Brown Swiss 

2 

86± 1 

87 ± 1 

88± 1 

93 ± 1 

103 ± 1 

Guernsey 

1 

80 

81 

89 

95 

99 

Jersey 

2 

54 ±10 

59 ±11 

62 ±12 

69 ±12 

76 ±14 

All Breeds 

16 

90± 4 

93+4 

98± 5 

105 ± 5 

114 ± 5 


There were no significant differences found in the feed consumed by the vari* 
ous grouping of calves (table 4). The incidence of scours (days with scours) 
was significantly lower in those calves from dams fed either form of vitamin A 
than that observed in calves from basal dams. Calves from dams fed alfalfa 
leaf meal had significantly fewer days of scours than calves from basal dams 
(table 4). 

DISCUSSION 

These data furnish additional evidence of the importance of the prepartum 
ration on the subsequent performance of the newborn calf. Not only does the 
prepartum ration influence the storage of vitamin A in the newborn calf and 
in colostrum (21, 22, 25), but the combination of these two factors apparently 
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results in superior performance of the young calf as evidenced by the data pre- 
sented in this paper. Similar data showing statistically higher blood plasma 
levels and liver storage levels have been found in 30-day-old pigs and lambs from 
dams fed supplementary vitamin A during the prepartum period (2). 

The marked absence of response when carotene in the form of alfalfa meal 
is added to the maternal ration, in contrast to that found when either the ester 
or alcohol form of vitamin A is added, is noteworthy. Although earlier data 
(21, 22) have shown that the feeding of carotene per se does influence the caro- 
tene content of colostrum and the fetal storage of carotene, no appreciable in- 

TABLE 4 


Effect of the prepartum diet on the consumption of milk, starter and hay and 
the incidence of scours in young calves 


Breed 

No. of 
calves 

Milk 

Starter 

Hay 

Scours 



(li.) 

(lb.) 

(lb.) 

(days) 




Controls 


Holstein 

14 

224.5 ± 5.8 

12.5 ±1.8 

4.3 ±0.9 

4.4 ±1.2 

Brown Swiss 

2 

222.5+ 6.5 

16.0 ±0.1 

8.8 ±5.7 

3.5 + 0.5 

Guernsey 

o 

154.0 + 25.0 

10.4 ±0.2 

4.8 ±4.7 

7.5 + 0.5 

Jersey 

1 

165 

15.0 

5.0 

2 

All Breeds 

19 

213.7+ 7.4 

13.3 ± 1.3 

4.9 + 0.9 

4.5 ± 0.9 




Alfalfa leaf meal 


Holstein 

9 

238.2+ 3.0 

17.8 ±2.9 

4.8 + 1.1 

1.6 + 0.7 

Brown Swiss 

2 

21 8,5 ±24,5 

14.8 ±0.3 

7.3 ± 3.2 

5.0 ± 5.0 

Guernsey 

2 

158,5+ 3.4 

14.9 ±3.1 

2.7 ± 0.4 

3.6 ±3.5 

Jersey 

1 

153.0 

18.0 

6.5 

13.0 

All Breeds 

14 

218.0 ± 9.6 

17.0 ±1.9 

4.9 + 0.8 

3.1 ± 0.7 




Alcohol form of vitamin A 


Holstein 

5 

22,3.4+ 9.0 

14.0 + 2.4 

8.0 ± 3.3 

1.2 ±1.0 

Brown Swiss 

1 

244.0 

9.5 

7.5 

0.0 

Guernsey 

2 

149.5+ 9.5 

12.4 ±4.8 

5.5 ± 0.5 

3.0 + 3.0 

Jersey 

1 

139.0 

12.2 

4.5 

4.0 

All Breeds 

9 

199.9 ±14.6 

12.9 ±1.6 

7.4 ±1.5 

2.2 ± 1.1 




Ester form of vitamin A 


Holstein 

11 

242.5 ± 2.8 

14.2+2.3 

4.8 ± 0.9 

0.4 + 0.4 

Brown Swiss 

2 

236.5+ 6,0 

14.8 ±4.2 

9.9 + 6.1 

0.0 ±0.0 

Guernsey 

1 

161.0 

16.1 

11.0 

0.0 

Jersey 

2 

168.0 ± 0 

17.2 ±9.3 

5.2 ± 0.7 

0,0 ±0.0 

All Breeds 

16 

227.3 ± 7,9 

15.4 ±1.9 

5.9 ±1.0 

0.3 ±0.1 


crease was noted in the vitamin A content as such. Later work by Fountain 
et at, (4) showed that calves from cows on a ration limited to pasture alone had 
blood plasma vitamin A values equivalent to those obtained in calves from dams 
fed grain, silage, hay and a vitamin A supplement. Recent studies (1, 7, 16, 19, 
20, 24) have suggested that vitamin A is utilized more readily by dairy calves 
than is carotene. Also, the absorption and utilization of carotene is influenced 
by the source of carotene and the method of feeding. Crude soybean lecithin 
recently has been demonstrated (3) to influence the absorption and utilization 
of carotene and vitamin A in the young dairy calf. Clearly, this whole field 
needs farther study. 



872 


A. A. SPnSLMAN BT AL. 


The same response of calves to either the ester or alcohol forms of vitamin 
A fed to their dams is in agreement with other published information. Boss 
ei at. (16) found no appreciable difference in blood plasma levels of vitamin A 
in Holstein heifers when the ester or alcohol form of vitamin A was fed in equiva- 
lent amounts. Begardless of the ration or the form of the supplementary vita- 
min A fed during the prepartum period, practically all of the vitamin A con- 
tained in the colostrum or milk was present in the ester form (14, 22). The 
prepartum feeding of supplementary vitamin A resulted in increases in the ester 
form of vitamin A occurring in the blood plasma (15) . The increase in the ester 
form of vitamin A occurred when either the ester form or alcohol form of vitamin 
A was fed. In newborn and young calves the blood plasma vitamin A was pre- 
dominately in the alcohol form, while the vitamin A contained in the liver was 
largely in the ester form. Limited data indicated that these relationships existed 
regardless of the form of supplementary vitamin A fed the dam. 

The apparent absence of beneficial results from postnatal supplementary 
vitamin feeding (5, 6, 12, 13, 18) under so-called normal feeding conditions and 
the beneficial results reported herein in prepartum vitamin A supplementation 
would indicate the need for additional work with emphasis on prepartum nu- 
trition. However, the limited number of calves, especially as to breeds other 
than Holsteins, would indicate the need for additional work before application 
of these results can be realized. 

SUMMARY 

The effects of feeding 1 million I.U. of vitamin A, in the form of dehydrated 
alfalfa leaf meal, the ester form of vitamin A and the alcohol form of vitamin 
A, daily to cows 30 days prepartum on the blood plasma levels of carotene and 
vitamin A, liveweight changes, feed consumption and incidence of scours of calves 
from birth to 28 days of age have been studied. 

Carotene levels in the blood plasma of calves from dams fed the alcohol form 
of vitamin A were significantly higher during the experimental period than 
calves from dams in the other dietary groupings. Also, calves from dams re- 
ceiving the ester form of vitamin A were significantly higher in plasma carotene 
than calves from dams fed alfalfa leaf meal. 

Plasma of calves from cows fed vitamin A as either ester or alcohol was sig- 
nificantly higher in vitamin A than that of calves from the basal dams or those 
fed alfalfa leaf meal. 

Greater liveweight increases were observed in calves from dams fed either 
form. of vitamin A than in calves from dams fed the basal ration alone or with 
alfalfa leaf meal. In addition, calves from dams fed alfalfa leaf meal made 
greater increases in liveweight during the entire experimental period than calves 
from basal dams. 

There were no statistical differences found in feed consumption. 

Incidence of scours was significantly lower in calves from dams fed either 
form of vitamin A than that observed in calves from control dams. Calves from 
dams fed alfalfa leaf meal had fewer cases of scours than calves from control 
dams. 
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THE RELATIONSHIP BETWEEN TYPE RATINGS OF AYRSHIRE 
FEMALES AS YOUNG HEIFERS AND AS COWS^ 

GEOBGE HYATT, JR ., 2 W. J. TYLEB,3 and C. T. CONKLIN* 

The type and over-all eye appeal of an animal always has been an important 
factor in selecting? breeding stock. Livestock breeders like to compare the type 
of their cattle with that of their neighbors at home, at fairs, and at shows and 
exhibits. Many breeders and educators argue that the type conformation of a 
dairy animal bears little relationship to her usefulness as a producer. They 
argue that a level rump, a cloaucut appearance and a well balanced and attached 
udder are of little importance in selecting and breeding cattle. Some have said 
that the show ring has done more harm than good in the development of our 
breeds. Others breeders and educators argue just as strongly that type and 
production go hand in hand, and stress proper type conformation, even to the 
point where some production may be sacrificed. Despite the arguments each 
way, the fact remains that dairymen and livestock breeders of all kinds usually 
try to seek the best type cows for additions to their herds and are willing to pay 
higher prices for these ‘‘typy ’’ animals. Type classification programs have been 
adopted by the five major dairy cattle breed associations and, although these 
programs still need to be strengthened, they represent the most scientific ap- 
{)roach yet devised for the estimation and use of type in a breeding program. 

A study of the inheritance of official type ratings of Ayrshire cows was made 
by Tyler and Hyatt (3), ^vho found heritability to be approximately 30 per cent. 
These same workers found the repeatability between type ratings given to the 
same cow by difl!erent inspectors to be 0.55. When the ratings on a cow were 
made by the same inspector the repeatability figures were 0.73, 0.82 and 0.62 for 
three inspectors. 

Johnson and Lush (2) studied yearly type ratings of Holstein-Friesian 
females from 6 months of age to maturity. They state that “ratings made under 
one year of age were somewhat less repeatable than those made at older ages” 
and that “the increase in permanancy of ratings after one year of age w^as small.’* 
When they omitted ratings on heifers less than one year of age, they reported 
a correlation of 0.34 between consecutive ratings when the ratings were made 
by nationally-known dairy cattle judges. 

EXPERIMENTAL PROCEDURE 

If type is heritable and important to breeders of daily cattle, it is desirable 
that dairymen should be able to cull the poorest type animals from their herds 
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at as early a date as possible to save feed, labor and money. This raised the 
question as to whether the type classification prof?ram, as applied to cows, also 
could be used for evaluating the type of young heifers. Therefore, a cooperative 
project was inaugurated in 1942 by the West Virginia Agricultural Experiment 
Station and the Aryshire Breeders' Association to determine the repeatability of 
heifer classifications at 6-month intervals and the correlation between the sev- 
eral classifications of a heifer and her classification after freshening. The Ayr- 
shire cattle at the West Virginia Agricultural Experiment Station are known 
as the Reymann Memorial Herd and have been on a long-time, carefully con- 
trolled breeding project for more than 25 years. This project does not permit 
the culling of any normal females until they have completed at least one lactation. 

During the period from October, 1942, through April, 1948, 102 Ayrshire 
heifers were classified every 6 months, starting at about 6 or 12 months of age and 
continuing in some instances to 5 years of age. The type ratings were made in 
each instance by an official inspector designated by the Ayrshire Breeders' Asso- 


TABLE 1 

The average number ^ mean and standard deviation of ratings on 10$ Ayrshire females 
classified as heifers and as cows 




Ratings made as: 

Heifers 

Cows 

Combined 

Xumber of animals .... 

102 

102 

102 

Average number of ratings . 

4.0 

2.4 

6.4 

Mean ... 

3.15 

3.09 

3.13 

Intra-animal standard deviation . .. 

0.62 

0.65 

0.66 


ciation. The inspectors classified each heifer into one of five grades (Excellent, 
•Very Good, Good Plus, Good and Pair-) similar to the classification program of 
adult animals. In no instance did they have knowledge of the previous classifi- 
cation of the animals until the entire job had been completed. In order to facili- 
tate the analysis of the data the official grades were coded, using 5 for Excellent, 
4 for Very Good, 3 for Good Plus, 2 for Good, and 1 for Pair. 

RESULTS 

Y aviations in individual ratings of heifers and cows. The 102 females in the 
study had a total of 407 ratings before calving and 243 ratings following calving. 
These two groups of ratings were analyzed by the analysis of variance and the 
intra-animal standard deviations were computed. The results are shown in 
table 1. The variation in the ratings of animals before first calving was ap- 
proximately the same as the variation in ratings given to the same animals after 
they had calved. These standard deviations also are similar to the intra-cow 
variation (standard deviation «0.64) reported by Hyatt and Tyler (1) for 101 
Ayrshire cows classified two times or more. 

In terms of range (difference between highest and lowest ratings on an animal) 
77 of the heifers, or 75 per cent, varied one grade or none, from the time they 
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first were classified until first freshening, while 57 animals, or 60 per cent, varied 
one grade or none in their ratings from 6 months to 4 or 5 years of age. Before 
first calving 24 per cent of the animals had a range of two grades in their ratings, 
while 38 per cent of the animals showed a range of two grades when all ratings 
were considered. Only one heifer varied three grades before first calving, while 
six animals varied three grades for all ratings. 

A review of the classification ratings of the six animals that ranged three 
grades showed that one heifer (no. 789) was classified Very Good at 12 months 
of age. Good Plus at 18 and 24 months, Fair at 30 months, and Good following 
freshening. Bach time she was classified her feet and legs were Fair or Good 
and her final rating depended upon how severe a cut the inspector thought should 
be placed on that defect. Heifer no. 737 classified Good Plus at 6 and 18 months, 
Very Good at 12, 24 and 30 months. The first two times following freshening 
she classified Very Good, then dropped to Good and 6 months later classified 
Excellent. At the time she was classified Good she was dry and showed very 
little udder development. However, during heavy lactation following freshening, 
she showed a large and well-balanced udder and was classified Excellent. Heifer 


TABLE 2 

Average clasniiieatxon score of 33 heifers at 6, 12 y IS and 24 months 
and 73 heifsrs at 12 y 18 and 24 months of age 


No. of 


Average classification rating 


heifers 

6 mo. 

12 mo. 

18 mo. 

24 mo. 

33 

2.91 

3.12 

3.10 

3.06 

73 


3.15 

3.18 

3.21 


no. 729 classified Very Good at 12 months. Good Plus at 18 months and Good at 
24 months. Following freshening, she was classified twice as Fair before leaving 
the herd. In each instance she was criticized for lacking in fore udder develop- 
ment and attachment. This fault appeared to become progressively worse as she 
became older. Heifer no. 727 classified Good Plus at 6 and 30 months, Very Good 
at 12 months and Good at 24 months. The first time after freshening she class- 
ified Good Plus but was dropped to Fair at the next classification. In each 
instance she was criticized for being sickle-hocked, and this condition became 
more defective as she became older. The other two animals that varied three 
grades were criticized for similar faults. 

Effect of age on average type ratings of heifers. There were 33 heifers that 
were classified at 6, 12, 18 and 24 months of age. The averages of the ratings at 
the four different ages were approximately the same. This also was true of a 
group of 73 heifers classified at 12, 18 and 24 months of age. The results are 
shown in table 2. 

These results seem to be contrary to the popular belief of many dairymen 
that most heifers appear to look typier at about 6 months of age than at any 
other time before freshening. 

A comparison of the classification ratings of heifers before first calving with 



378 


QEOBOE HYATT, JB. ET AL. 


TABLE 3 

The correlation coefficiente (r) between the various olassifioation ratings of heifers at 6, IS, 18, 
84 and 30 months of age and between these ratings and the 1st, Snd and average 
of 1st and 8nd after-calving (AC) ratings 


Age 


Age 

6 mo. 

No. r 

12 mo. 

No. r 

18 mo. 

No. r 

24 mo. 

No. r 

30 mo. 

No. r 

All before 
calving 
No. r 

12 months 

42 

.30 










IS months 

39 

.10 

89 

.472 








24 months 

42 

.331 

92 

.312 

94 

.382 






30 months 

20 

.40 

66 

.482 

67 

.572 

73 

.542 




1st AC 

42 

.331 

92 

.312 

93 

.221 

102 

.251 

73 

.352 

102 .372 

2nd AC 

29 

.23 

67 

.271 

69 

.291 

76 

.18 

60 

.452 

76 .402 

Av. 1st and 












2nd AC 

29 

.351 

67 

.362 

69 

.402 

76 

.292 

60 

.402 

76 .442 


1 P <.05> .01 

2P <.01 

ihetr ratings after freshening. Correlation coefficients were computed between 
the various ratings before calving and also between the ratings before first calv- 
ing and the ratings after calving. These coefficients are shown in table 3. Be- 
cause of the limited number of animals in this experiment, the sampling errors are 
large. Thus, no particular age group had a significantly higher value for pre- 
dicting after-calving ratings. The correlation between the average of tlie sev- 
eral ratings of each heifer before first calving and her first and second ratings 
after calving were 0.37 and 0.40, respectively. This is slightly smaller than the 
repeatability figure of 0.55 between the ratings of cows classified by different 
inspectors (1). 

The regression of average after-calving ratings on the average ratings before 
calving was 0.45. An example of the use of this regression may be shown as 
follows : The type ratings of the heifers before first calving were compared with 
their ratings after calving by placing all the heifers in groups according to their 
average classification score prior to first calving. This average group score be- 
fore freshening* was then compared with the average classification score of the 
same group after first calving. The average score was computed by giving each 
animal 92.5 points for each Excellent rating, 87.5 for Very Good, 82.5 for Good 


TABLE 4 

Average classification ratings by groups before and after calving 


Average rating of 
animal before caving 
by groups 

No. of 
animals 

Average of each 
group before 
calving 

Average of each 
group after 
calving 

Below 80.5 

14 

78.6 

80.1 

80.5-82.5 

34 

82.0 

81.5 

82.6-85.0 

31 

84.4 

83.0 

Above 85.1 

23 

87.1 

84.5 


Total 102 83.4 82.4 


Begression of average after-calving rating on average before-oalving rating. = 0.45. 
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Plus, 77.5 for Good, and 72.5 for Fair, and then adding up the points and dividing 
by the total times classified. Those animals that averaged below 80.5 were placed 
in one group, those whose average ratings were between 80.5 and 82.5 fell in 
the second group, while the other two groups were comprised of animals whose 
average classification scores were between 82.6 and 85.1 and higher. The aver- 
age of each group before calving is given in table 4 and can be compared with 
the group average of the same animals after they have freshened. The heifers 
that were in the two lower groups, as far as type was concerned, still had the 
lower classification average after they were rated as milking cows, but the aver- 
ages were closer to the average of all the animals. Those animals in the upper 
groups w^ere still above average when they were classified as 3-, 4- and 5-year 
old cow^s, but the two group averagers were nearer the average of all groups. 

DISCUSSION 

The results of this study have indicated that the .relationship between any 
classification rating on A 3 ’'rshire heifers before calving and a rating after calv- 
ing is about 0.3. In addition, correlations between combinations of ratings be- 
fore firsi calving and ratings after calving are approximately 0.4. In a previous 
study on this herd (1) the repeatability of classification ratings for the same cow 
was estimated to be 0.55. Tbps, while ratings on heifers before first calving are 
indicative of after-calving ratings, they are not as reliable as after-calving ratings 
in predicting other after-calving ratings. These results are similar to the studj" 
on cla.ssifications of llolsteins reported by Johnson and Lush (2). 

The variation between ratings on the same animal before calving was similar 
to the variation that was found betwwn ratings on the same cow. This presents 
the same problem in classifying heifers as was found in the classification of cows 
(1), namel\% a means of ident if jdng and adjusting for those factors which cause 
ratings to vary during the life of the animal. Since nine different inspectors 
classified the animals during the course of this experiment, an undetermined 
part of the variation in the ratings was caused by differences of opinion of the 
inspectors. In other instances, the differences in ratings wore causes by changes 
in the condition and/or type of the animals. At the present time the basis used 
for the classification of uncalved heifers is the same that has been applied in 
classifying cows. This may be the wrong approach in classifying heifers. Re- 
search on the development of the features of type in growing heifers may reveal 
the essential parts of the heifer that contribute to her type as a mature animal. 
Perhaps with more experimental work, detailed records and frequent consulta- 
tions on the part of inspectors with one another, it may be possible to reduce 
the variation in heifer classification that is due to differences in inspectors and 
to inaccuracies in weighing the good and poor points of heifers during their 
early development. 

The standard deviation of all ratings on the heifers before their first calving 
was 0.78. This is smaller than the standard deviation (0.94) for all ratings on 
cows in the same herd during the same period. Part of the smaller variation 
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in ratings on heifers may be attributed to the observation that heifers generally 
do not show the extreme faults in feet, legs and udders that cows do. In addi- 
tion, many inspectors hesitate to classify heifers Fair or to classify them Ex- 
cellent because later development of the heifer may make their decision look 
absurd. 

SUHMABT 

One hundred and two Ayrshire heifers at the West Virginia Agricultural 
Experiment Station have been rated for type starting at 6 or 12 months of age 
and at 6-month intervals thereafter until 4 or 5 years of age. The intra-animal 
standard deviation was 0.62 when the ratings were made before first calving, 
and 0.65 when they were given after calving. 

In terms of range, five (4.9 per cent) were classified the same whether 

rated as heifers or milking cows, 52 (51.0 per cent) varied one grade, while 39 
(38.2 per cent) varied two grades and six (5.9 per cent) varied three grades. 

There were 33 heifers classified at 6, 12, 18 and 24 months of age and 73 
heifers classified at 12, 18 and 24 months. The average of the ratings at the 
different ages was approximately the same. 

The correlations between the average of the several ratings of each heifer 
before first calving and the first and second ratings after calving were 0.37 
and 0.40, respectively. 

The average type ratings of the heifers before calving were compared with 
the average ratings after calving by placing the heifers in four groups (below 
80.5, 80.5 to 82.5, 82.6 to 85.0, above 85.1) according to the average of their rat- 
ings before first calving. The low group remained the lowest following calv- 
ing, while the high group still maintained the highest average score, but both 
averages were closer to the general meai^. The two middle group averages 
changed very little following freshening. 

With improvement in and standardization of classification methods, particu- 
larly for heifers, the classification program may become valuable in helping 
breeders to cull the poorest type individuals from their herds at an early age. 
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ASSOCIATION ANNOUNCEMENT 

FOBTY-FOTIRTH ANNUAL MEETING 
UNIVERSITY OF MINNESOTA 
JUNE 21-23, 1949 

REGISTRATION AND HOUSING 

Registration headquarters will be in Coffman Memorial Union, Minneapolis 
Campus. Rooms to accommodate about 250 persons will be available in dormi- 
tories on the St. Paul Campus. Families with children will have prior claim 
to these rooms. Approximately 400 rooms have been reserved in Tvrin City 
hotels. A return card relative to advance registration and housing will be sent 
to members by the Association Secretary in May. 

LOCATION OF GENERAL AND SECTION MEETINGS 

All meetings will be held in or in close proximity to Coffman Memorial 
Union, Minneapolis Campus, University of Minnesota. 

SPECIAL MEETINGS 

Groups wishing rooms and equipment for special meetings and committee 
meetings before, during or after the regular sessions will please contact Elmer 
L. Thomas of the Division of Dairy Husbandry, University Farm, St. Paul. 
Reservations for special breakfasts and luncheons will be made upon request. 
It will be appreciated if all such requests are made known by June 1. 

PROJECTION EQUIPMENT 

While it is desired that the use of slides be minimized, projectors for both 
standard and 2" x 2" slides will be available in all lecture rooms. Requests for 
use of such equipment should be made to section chairmen as soon as possible. 

ADDITIONAL INFORMATION 

Additional material containing information on registration, housing, enter- 
tainment, recreation, etc., will be sent to each member about April 15, 1949. 
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STALE FLAVOR COMPONENTS IN DRIED WHOLE MILK. T. THE 
DISTRIBUTION OP STALE FLAVOR BETWEEN FRACTIONS OP 
RECONSTITUTED STALE WHOLE MILK POWDER 

B. McL. WHITITEy ani> P. H. TBACY 
Department of Food Technologyf University of Illinoisj Vrhana, Illinois 

During? storage a stale flavor often develojis in dried whole milk which is 
very objectionable and reduces the consumer s acceptance of the product. 
Considerable research has been done to prevent or retard the development of 
this stale flavor by means of variations in the method of manufacture (6) and 
also to correlate the occurrence of this off-flavor with certain chemical chanpes 
observed in the powder (1). 

However, neither the exact chemical compound responsible for the stale 
flavor nor its mechanism of formation are known. As a step toward the isola- 
tion and identiflcation of the stale-flavor component, its distribution between 
fractions of reconstituted stale whole milk ])owder was investigated. 

EXPEBIMKNTAL 

Manufacture and storage of dried whole milk. Whole milk was condensed, 
dried in a pilot-size experimental spray ilrier and stored under varying condi- 
tions in order to have a continuous supply of stale dried whole milk for this 
study. All lots of powder were manufactured from milk without previous 
homogenization and at low spray pressures (450-700 p.s.i.) to facilitate the sub- 
sequent fractionation of the reconstituted stale whole milk. 

Method for determining the relative concentrations of the stale-flavor com- 
ponent in the fractions. The relative concentration of the stale-flavor com- 
ponent in each of the fractions was determined by establishing the threshold 
concentration of the stale fraction when blended with an appropriate non-stale 
product to the approximate composition of the original whole milk. Since this 
judging technic has not been reported before for flavors in milk, it is described 
in detail as follows with stale cream as an example : 

1. A reconstituted milk of approximately the same composition as the orig- 
inal milk with respect to fat and total solids was prepared from the stale cream 
and non-stale skim milk in a malted-milk mixer at 43° C. by agitating for 1 
minute. 

2. Two series of five samples each, of overlapping concentrations with re- 
spect to the percentage of stale cream in each of the samples, were prepared by 
diluting this reconstituted milk with non-stale whole milk of the same composi- 
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tion. For example, the five samples in the first series might contain 3, 5, 7, 
10 and 16 per cent stale cream, while the second series might contain 1, 4, 6, 8 
and 14 per cent stale cream. 

3. The samples were tempered at 24^ 0. in a water bath (approximately 
10 minutes). 

4. A panel of experienced judges tasted the samples, arranged at random 
in each series, and recorded those in which they could detect the stale flavor. 

5. The judgments of each judge on each series and on the combined series 
were arranged in the order of the concentrations of stale cream, and the lowest 
consistent concentration in each series at which the stale flavor was detected 
was selected as the threshold value. If a judge recorded one sample inconsist- 
ently, the lowest consistent positive judgment was selected as his threshold 
value for the series. If he recorded two samples inconsistently, his judgment 
was rejected on that series. Table 1 illustrates this procedure. 

TABLE 1 

A sample determination of the threshold values of three judges 


Judgments 

Sample no. Stale cream ^ 

Ist judge 2nd judge 3rd judge 


1-2 

(%) 

16 

+ 

+ 

_ 

1-4 

10 

+ 

+ 

4 

1-6 

7 


- 


1-3 

5 

- 

- 

i 

1-1 

3 

- 

+ 

- 

Threshold value of 
stale cream (%) 


7 

10 

rejected 


6. From all the judgments of all the judges, the mean threshold value and 
the standard deviations were calculated. This mean thresliold value bears a 
reciprocal relationship to the concentration of the stale-flavor component in the 
stale cream. 

The effect of separation of whole milk upon the distribution of stale- flavor 
component. Upon the development of sufficient stale flavor in the dried whole 
milk, the powder was reconstituted with distilled water to the composition of 
the original whole milk in a 10-gallon pilot-size pasteurizer constructed with a 
conical base. Agitation for 1 to 4 minutes at 43^ C. with a motor-driven stirrer 
at 1,550 r.p.m. effected complete reconstitution. The milk then was separated 
into cream and skim milk with a motor-driven De Laval separator, model no. 18, 
at temperatures ranging from 12 to 64^ C. and at rates of flow ranging from 
2.3 to 6.2 quarts per minute, in order to determine both the optimum conditions 
for efficient separation of this product and the effect of these variables upon 
the distribution of the stale-flavor component between the cream and skim 
milk. The fractions then were cooled in an ice bath to approximately 10^ G. 
and stored at this temperature until scored. Analyses of the fat content of the 
reconstituted whole milk, cream and skim milk were performed in duplicate by 
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means of the standard Babcock test, except in the case of the skim milk, for 
which the normal butyl alcohol modification of Hansen et at, (2) was used. 

The reconstituted whole milk, cream and skim milk each were blended with 
appropriate non-stale products in the manner previously described. The re- 
sults of the fat analyses and the judgments are given in table 2. Variations 
of the temperature of separation and the rate of flow apparently had little 
effect upon the distribution of the stale-flavor component between the cream 
and the skim milk. However, a more satisfactory separation was obtained at 
43° C. with a normal rate of flow (6.0 quarts per minute) than under the other 
conditions investigated. Therefore, these conditions were maintained in subse- 
quent work. Apparently, even though homogenization was avoided as much as 
possible during the manufacturing process, the reconstituted milk could not be 
separated with an efficiency at all comparable with that of commercial practice. 

In all cases observed, the threshold value for the stale cream was lower 
than that of either the original stale reconstituted whole milk or the stale skim 
milk. Therefore, the stale-flavor component appeared to be more concentrated 
in the cream than in either the whole milk or skim milk. 


TABLE 3 

The effect of churning upon the distribution of the stale' flavor component 


Product 

Fat 

Threshold value of 
stale product* 

Fat from stale product 
at thresliold value 


(%) 

(%) 

(%) 

Cream . .. 

26.0 

(2) 14.0 ±0.0 

3.6 ±0.0 

Butter 

70.54 

(6) 3.8 ±0.5 

2.7 ±0.4 

Buttermilk 

3.1 

(6) 43 ±27 

1.3 ± 0.8 


* The numbers within the parentheses indicate the number of judgments. Rejected judg- 
ments are not included. 


The effect of churning of stale cream upon the distribution of stale-flavor 
component. The excess stale cream and skim milk obtained in a previous sepa- 
ration experiment were frozen at -26° C. on the same day that they were pre- 
pared. On the afternoon preceding the day of churning, they were removed 
and stored at 7° C. until the following morning. The melting then was com- 
pleted in a 21° C. water bath, with the temperature of the product not rising 
above 10° C. The melted cream and skim milk then were blended to yield a 
product containing approximately 25 per cent fat and churned at 9 to 14° C. 
in a 1-gallon glass churn. The buttermilk was drained off and the butter 
chilled and washed at 7° C. 

Fat analyses were performed in duplicate. Heinemann’s modification of 
the Mojonnier method (3) was used in testing the butter, while the buttermilk 
was analyzed by the normal butyl alcohol modification of the Babcock test (2). 

The cream, butter and buttermilk each were blended with the appropriate 
non-stale product and judged in the manner previously described. The results 
of the fat analyses and the judgments are given in table 3. A comparison of 
the threshold values of the stale fractions indicated that the stale-flavor com- 
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ponejt was more concentrated in the butter than in either the cream from which 
it was churned or the buttermilk resulting from the churning. 

The effect of washing of stale cream upon the distribution of stale-flavor 
component. Stale cream was prepared and mixed with sufficient distilled water 
to make the total weight equal to the weight of the reconstituted whole milk 
from which the cream was separated. After agitation in the pilot-sized pas- 
teurizer with a motor-driven stirrer for 30 minutes at 1550 r.p.m. at 41 to 46° 
C., this mixture was separated immediately in the De Laval separator. This 
process was repeated four times. At the end of the fourth treatment, the cream 
had “oiled off” almost completely. Fat analyses were performed in duplicate 
by means of the standard Babcock test, except in the case of the w^ash water 
for which the normal butyl alcohol modification (2) was used. 

The cream, washed cream and washed water each were blended with appro- 
priate non-stale products and judged in the manner previously described. The 
experimental results are recorded in table 4. The "washed stale cream had a 

TABLE 4 

Effici of washing stale cream upon the distribution of stale-flavor component 


Product 

Fat 

Threaliold value of 
stale product* 

Fat from stale product 
at threshold value 


(%) ' 

(%) 

(%) 

Cream 

40.0 

(6) 5.0 ±0.4 

2.0 ±0.2 

Washed cream 

77.6 

(10) 2.0 ±0.7 

1.6 ±0.5 

Wash water 

0.07 

(6) not stale at 60% 



« Tlie numbers within the parentheses indicate tlie number of judgments. Rejected judg- 
ments are not included. 


lower threshold value than that of the original stale cream, while the wash 
water was reported as “not stale” when blended with non-stale condensed milk 
in the highest percentage possible without deviating from the composition of 
the original milk. Therefore the stale-flavor component appeared to be more 
concentrated in the washed cream than in either the original cream or the wash 
water. 

The effect of preparation of stale butter oil upon the distribution of the stale- 
flavor component. Stale butter j)repared in previous experiments was stored at 
-26° C. until used in this study. After the stale butter was melted at approxi- 
mately 36 to 40° C. in a water bath, it was placed in solubility tubes and cen- 
trifuged in a heated Babcock centrifuge at 36 to 40° C. until a sharp boundary 
was obtained between the butter oil and butter plasma (10 to 30 minutes). 
The butter oil layer was decanted and filtered at 36 to 40° C. in an incubator. 
The butter plasma was analyzed for fat content in duplicate by the normal 
butyl alcohol modification of the Babcock test (2). The butter oil was assumed 
to be 100 per cent fat, since the available analytical methods would not yield 
reliable results within this range of fat concentration (4). 

The butter, butter oil and butter plasma each were blended with appropriate 
non-stale products and scored in the manner previously described. These re- 
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suits are recorded in table 5. Some difficulties were experienced with the gutter 
plasma fraction in these experiments. In the first experiment, the plasma ap- 
parently fermented during fractionation, while the amount of plasma obtained 
in the second experiment was so small that it was impossible to make up samples 
sufficiently concentrated to determine its threshold value. 

However, the experimental results reported in table 5 indicate that the stale- 
flavor component is more concentrated in the butter oil than in either the 
original butter or the butter plasma when prepared under the conditions of this 
experiment. While a threshold value for the stale butter serum was not ob- 
tained, it was reported as ‘'not stale” at concentrations higher than the threshold 
values for either the stale butter oil or stale butter. 


TABLE 5 

The effect of the preparation of hutier oil vpon the distribution of stale-flavor component 


Product 

Fat 

Threshold value of 
stale product^ 

Fat from stale product 
at threehold value 


(%) 

(%) 

(%) 

Expt. 1. 

Butter 

70.54 

(4) 3.5 ±0.6 

2.5 ±0.4 

Butter oil 

300.0 

(8) 3.0 ±1.1 

3.0 ±1.1 

Butter plasma . . 

10.4 

(8) Sour 

Expt. 2. 

Butter 

83.35 

(4) 4.0 ±0.6 

3.4 ±0.5 

Butter oil 

100.0 

(6) 2.8 ±0.1 

2.8 ±0.1 

Butter plasma 

6.5 

(3) Not stalest 6% 


« The numbers within the parentheses indicate the number of judgments. Rejected judg- 
ments are not included. 


DISCUSSION 

As an aid in the further interpretation of the result of this study, the 
amount of stale fat from a stale product present in the sample at the threshold 
value, expressed as the percentage of the total weight of the sample, has been 
calculated for all of the stale fractions and recorded in their respective tables. 
For the reconstituted whole milk, cream, washed cream, butter and butter oil, 
these values are the same within each experiment, considering the limits of ac- 
curacy of the judgments. Therefore it appears that the stale-flavor component 
is distributed between these fractions according to their milk-fat content and 
is concentrated in the milk-fat phase. 

In the skim milk and buttermilk, the stale-flavor component has a higher 
concentration per unit weight of fat than might be predicted from the above 
conclusion. Two possible explanations can be advanced for this observation. 
First, if the stale-flavor component were adsorbed on the surface of the fat 
globule, the amount adsorbed per unit weight of fat would be greater the 
larger the surface area of the fat or the smaller the fat globule. Since the fat 
globules in the skim milk and the buttermilk may be expected to be smaller than 
in the other fractions, the concentration of stale-flavor component per unit 
weight of fat should be higher in these fractions if this hypothesis is correct. 
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A second explanation for these results would be the assumption of an equi- 
librium distribution of the stale-flavor component between the fat and plasma 
phases. The larger percentages of plasma in the skim milk and buttermilk 
fractions, even though its concentration of stale-flavor component was very low, 
might cause a higher apparent value per unit weight of fat. However, until a 
more accurate method for measuring the concentration of stale-flavor compo- 
nent is available, a choice between the two hypotheses is difficult. 

It is impossible to test the conclusion that the stale-flavor component dis- 
tributes itself between the fractions in proportion to the fat content in the case 
of either the wash water or the butter plasma fractions, since the concentrations 
of stale fractions attainable were insufficient to produce a detectable stale flavor. 

It should be pointed out that the evidence secured so far in this study does 
not demonstrate the fraction in which the stale-flavor component originates, but 
only the one in which it is concentrated upon fractionation by the procedure 
used. Therefore, it should not be considered as supporting or conflicting with 
any of the current opinions of its origin (1, 5). 

One observation made during this investigation should be emphasized. In 
order to estimate the relative concentration of stale-flavor component in the 
various fractions, it is necessary to judge all fractions in blends of approxi- 
mately the same composition, particularly with respect to their fat content. 
Evidently the higher the fat content of the sample tasted the less intense is the 
stale-flavor sensation for the same concentration of stale-flavor component. For 
example, when the cream and skim milk were tasted without blending, the in- 
tensity of the stale- flavor sensation was greater in the skim milk than in the 
cream but, upon dilution with non-stale product to the same composition, much 
less stale cream than stale skim milk was required in order to yield a detect- 
able stale flavor, which indicates that the stale-flavor component was more con- 
centrated in the cream than in the skim milk. This same phenomenon was ob- 
served in the cream-washing experiment in which the intensity of the stale-flavor 
sensation was greater in the wash water than in the washed cream. However, 
upon dilution with appropriate non-stale products to the same composition, a 
concentration of only 2 per cent washed cream was necessary to yield a de- 
tectable stale flavor, while, even at a concentration of 60 per cent wash v^ater, 
no stale flavor could be detected, indicating that the stale- flavor component was 
more concentrated in the washed cream than in the wash water. 

SUMMARY 

Dried whole milk was prepared without homogenization and at low spray 
pressure in order to facilitate fractionation of the reconstituted milk. The 
powder was stored under varied conditions to insure a continuous supply of 
stale dried whole milk for this study. 

Reconstituted stale dried whole milk was separated mechanically into cream 
and skim milk at various temperatures of separation and rates of flow. The 
cream was churned into butter and buttermilk or washed with distilled water 
until it oiled off. The butter was melted, centrifuged and Altered, all at 40° 
C., to yield butter oil and butter plasma. 
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The relative concentration of the stale-flavor component in the various frac- 
tions was determined by establishing the threshold concentration of the stale 
fraction when blended with an appropriate non-stale product to the approxi- 
mate composition of the original whole milk. 

In all determinations made on the whole milk, cream, washed cream, butter 
and butter oil, the stale-flavor component appears to be distributed between 
these fractions according to their milk-fat content and therefore is concentrated 
in the milk-fat phase. 
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A SOLUBILITY METHOD FOR THE DETERMINATION OF ALPHA 
AND BETA LACTOSE IN DRY PRODUCTS OF MILK 

R. P. CHOI, C. W. TATTER, C. M. O’MALLEY and B. W. FAIRBANKS 
The American Dry Milk Institute, Inc., Chicago, Illinois 

Since the form of lactose in dry products of milk is important in determin- 
ing the physical properties of the products, a procedure for estimating the two 
forms of lactose is desirable from the standpoint of controlling product uni- 
formity. A polarimetric method was reported by Sharp and Doob (7). The 
present proposed method is based upon the difference in solubility behavior of 
alpha lactose hydrate and the beta anhydride, the two stable forms of lactose. 

From the work of Hudson (4), an equilibrium is believed to exist between 
the alpha and beta forms of lactose in solution. The rate of attainment of ec^ui- 
librium is slow and can be followed by solubility measurements. Hudson (4) 
found that when alpha lactose hydrate is added in excess to water, a definite 
amount will dissolve initially, and then more will go into solution slowly until 
a final solubility is attained. The rate of dissolution is independent of the con- 
centration of the solid phase as long as an excess is present. The initial solu- 
bility is considered to be the equilibrium concentration of the alpha form, while 
the slower dissolution is inte^p^eted to arise from the mutarotation of the alpha 
to the beta form so that the difference between the final and the initial solubil- 
ity represents the equilibrium concentration of the beta form. On this basis 
both equilibrium and rate equations have been derived by Hudson (4). 

Likewise, beta lactose exhibits an initial and final solubility. At 0° C. 
where data are available (5), the initial solubility of beta lactose is approxi- 
mately eight times that of the alpha hydrate. The solubility of alpha lactose 
hydrate in milk was investigated by Hunziker and Nissen (6), who came to the 
conclusion that the constituents of milk have no effect on tlie solubility of alpha 
lactose hydrate. This, together with the wide difference in the initial solubility 
of the two forms of lactose, provides the basis for the present method. Because 
of the high initial solubility of beta lactose, it may be expected that in any mix- 
ture containing an excess of alpha lactose hydrate and a quantity of beta lac- 
tose less than its initial solubility, the total initial solubility will consist of all 
the beta plus the initial solubility of the alpha hydrate. From experiments 
with artificial mixtures containing different proportions of beta lactose, it has 
been found that this simple relationship is realized below a concentration of 
beta lactose of approximately 10 g. per 100 ml. of water, corresponding to a 
total initial solubility of 55 m.mols. per 100 ml. of water. Therefore, for any 
mixture such as a dry product of milk, the essential steps in the procedure 
would consist of: (a) adding alpha lactose hydrate in excess to a known weight 
of the mixture, (b) determining the solubility at several time intervals and (c) 
extrapolating the results to zero time to obtain the total initial solubility from 
which the amount of beta lactose in the mixture may be calculated easily. The 
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quantity of alpha lactose in the original mixture is the difference between the 
total lactose and the ieta lactose. 

In any extrapolation it always is desirable that the extrapolation he linear. 
In the present case this could be achieved by means of the equations derived by 
Hudson (4). When the concentration of lactose in solution is less than the 
final solubility, the solubility increases with time. The maximum rate of solu- 
tion is given by equation I : 

kt - log 

where k is the rate constant; S* is the final solubility, which at 25° C. is 63.8 
m.mols. per 100 g. of water; 8o is the initial solubility of alpha lactose, or if 
"beta lactose is present it is the total initial solubility; and St is the solubility 
at time t. 

In a solution in which the concentrations of both the alpha and beta lactose 
are in excess of their equilibrium concentrations and in which alpha lactose 
hydrate also is present as a solid phase, Hudson (4) found that there is an im- 
mediate precipitation or crystallization of the excess alpha followed by a slow 
conversion of the excess beta to the alpha modification, which then crystallizes 
out as fast as it is formed. The maximum rate of crystallization under these 
conditions is given by equation II : 

where k is the rate constant; 8^ is the final solubility; Co is the total initial 
solubility of the alpha-beta mixture ; and Ct is the solubility at time t. Both 
equations I and II describe first order reactions. Therefore, if we plot in each 
case the log of the denominator, that is, log(j^-flfi) or log(C<-S^) against 
i, we should obtain a straight line whose slope is the velocity constant k and 
whose intercept is \og{8^-8o) or log{Co-S,). The total initial solubility, 
which is 8o or Co, can be calculated since the final solubility is known accurately 
from the work of Hudson (4). 

EXPERIMENTAL PROCEDURE 

Apparatus, The apparatus consisted of a Pyrex glass cylinder, 5.5 cm. in 
diameter and 15 cm. long, fitted with a two-hole rubber stopper. Through one 
hole an electrically-driven stirrer was inserted. The other hole was used as a 
sampling outlet and stoppered when not in use. The set-up was placed in a 
constant temperature water bath maintained at 25° C. 

Total initial solubility with varying amounts of beta lactose. The proposed 
procedure first was tested using solid mixtures containing varying amounts of 
beta lactose and 30 to 40 g. of alpha lactose hydrate. With stirring applied, 
100 ml. of distilled water at 25° C. was pipetted into the solubility chamber 
containing the solid mixture. At 10 minute intervals 10 to 15 ml. portions of 
the suspension were withdrawn and filtered immediately through a fritted glass 
filter of medium porosity with the aid of suction. An aliquot of the clear fil- 
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trate was analyzed for lactose by the Hinton>Macara method (3) and the solubil- 
ity calculated as follows : 

1 1 j. /lAA 1 TT rk nil* Na 2 S 203 X normality X 100 

m.mols. lactose/100 ml. IlaO - r — — 

2 X ml. nitrate x water factor. 

The water factor represents fhe fraction of water in the filtrate and can be de- 
termined by the toluol distillation procedure (1). The total initial solubility 
was calculated as described in the above section. The beta lactose content of 
the mixture then was plotted against the corresponding total initial solubility. 

Procedure for dry products of milk. Except for roller process nonfat dry 
milk solids, 30 g. of the dry milk product generally were used. For roller 
process nonfat dry milk solids, only 25 g. could be used because of the high 
viscosity of the suspension. The sample was transferred to the solubility cyl- 
inder and mixed thoroughly with 30 g. of alpha lactose hydrate powder. To 
the solid mixture 100 ml. of distilled water at 25® C. were added and the time 
noted. Before transferring the flask to the w’ater bath, it was necessary to free 
any material adhering to the sides and bottom of flask to insure rapid and com- 
plete dispersion. Stirring then was applied at a rate sufficient to keep the 
solids in suspension. At 10-minute intervals, 20-25 ml. of the suspension were 
withdrawn and immediately centrifuged for 3 minutes at approximately 1000 
r.p.m. The centrifugate was decanted carefully and a 10-ml. portion used for 
lactose determination by the Jlinton-Macara method (3). Total lactose also 
was determined for each dry milk sample. The solubility in m.mols. of lactose 
per 100 ml. of water was calculated as in the preceding section. When the 
above sample sizes were used, the total initial solubilities generally were less 
than 55 m.mols. per 100 ml. of water. Accordingly, log (63.3- St) was plotted 
against the time and the best straight line drawn through the points. From 
the intercept at f « 0, the total initial solubility was calculated. The beta lac- 
tose in the quantity of sample taken for analysis w'as evaluated by subtracting 
from the total initial solubility the initial solubility of the alpha lactose which 
is 25.3 m.mols. per 100 ml. of water. Knowing the total lactose, the alpha 
modification was calculated by difference. Results are expressed as per cent 
of the total lactose. 

RESULTS AND DISCUSSION 


Figure 1 shows a plot of the total initial solubility against the quantity of 
beta lactose in a mixture containing an excess of alpha lactose hydrate. The 
curve (a4*)8) is the experimentally determined curve; the curve is calculated 
by assuming instantaneous dissolution of all beta lactose added. It can be 
seen from the parallelism of the two curves that below a concentration of 10 g. 
of beta lactose per 100 ml. of water, corresponding to a total initial solubility 
of about 55 m.mols. per 100 ml. of water, the total initial solubility is the sum 
of the initial solubility of the alpha hydrate and of the quantity of beta lactose 
added. Above this point the total initial solubility becomes progressively less 
than the expected sum. This deviation may result from conversion of some 
beta to alpha lactose, since the beta lactose is present in amounts greater than 
its equilibrium concentration. 
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Fig. 1. Standard Cur^’c (a+P), determined with mixtures containing varying quanti- 
ties of p-anhydrous lactose and excess amounts of lactose hydrate. Curve “P'' plots the 
amount of "beta anhydride added. 

In table 1 are results showing the effect of s^iinple size. It can be seen that 
within the range of 10 to 50 g., size of the sample seems to have no effect on 
the final results. However, with increasing sample size the suspension becomes 
progressively more viscous and difficult to handle. 

To determine the reproducibility of the method, nine separate determina- 
tions were made on a sample of nonfat dry milk solids. Kesults are presented 
in table 2. Analysis of the results for beta lactose calculated as per cent of the 
total lactose yielded an arithmetic average deviation of 1.03 per cent and a 
standard deviation of 1.37 per cent indicating fairly good precision. 

TABLE 1 

Efeot of size of sample 


Nonfat dry milk 
solids 

Beta lactose 

Alpha lactose 

(//.) 

(%) 

(%) 

10.0 

60.1 

39.9 

20.0 

59.0 

41.0 

30.0 

61.0 

89.0 

45.0 

60.7 

39.3 

50.0 

62.6 

37.4 
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TABLE 2 

Beproducihility of the method a» applied to a sample of spray nonfat dry milk solids 


Trial 

Total initial solubility 

Beta lactose 

Alpha lactose 


(w. mols,/100 ml, 11^0) 

(%) 

(%) 

1 

51.5 

60.0 

40.0 

2 

50.9 

58.7 

41.3 

3 

51.2 

59.4 

40.6 

4 

50.9 

58.7 

41.3 

5 

51.2 

59.4 

40.6 

6 

50.1 

57.0 

43.0 

7 

52.2 

61.5 

38.5 

8 

51.4 

59.9 

40.1 

9 

52.2 

61.5 

38.5 

Av. 

51.3 

69.6 

40.4 


Arithmetic averapre deviation L03% beta 
Standard deviation = 1.37% beta 

In table 3 results are presented for random samples of fresh spray and roller 
process nonfat dry milk solids and dry whey solids. In dry whey solids sam- 
ples 1 to 3, the lactose is predominantly in the glass or amorphous state, while in 
the remaining dry whey samples the lactose is predominantly in the form of 
the crystalline alpha hydrate. The results for nonfat dry milk solids vary 
from 57.1 to 62.7 per cent bcta^ and are in agreement with the values previously 
reported by Sharp and Doob (7) using the polarimetric method. The nonfat 
dry milk solids samples and dry whey solids samples 1 to 3 appear to contain 
beta and alpha lactose in the equilibrium ratio. 

TABLE 3 

Alpha and beta lactose content of some dry products of milk calculated as % of total lactose 


Sample 

Total initial 
solubility 

Total lactose in 
sample taken 

Beta lactose 

Alpha lactose 


(m. mols./lOO ml n^O) 

(m, mols,) 

(%) 

(%) 


Spray nonfat dry milk solids 



1 

51.4 

42.3 

61.7 

38.3 

2 

51.4 

41.7 

62.6 

37.4 

3 

49.5 

40.4 

59.9 

40.1 

4 

52.4 

44.4 

61.0 

39.0 

5 

51.3 

45.6 

57.1 

42.9 


Boiler nonfat dry milk solids 



1 (30.0 g.) 

51.6 

42.1 

62.5 

37.5 

2 

45.8 

33.6 

61.0 

39.0 

3 

45.5 

35.0 

57.7 

42.3 


Dry whey solids 



1 

56.4 

54.4 

57.2 

42.8 

2 

58.7 

57.4 

58.2 

41.8 

3 

56.9 

58.1 

54.4 

45.6 

4 

33.3 

59.0 

13.6 

86.4 

5 

39.8 

57.9 

25.0 

75.0 

6 

36.4 

58.9 

18.8 

81.2 

7 

40.4 

62.1 

24.3 

75.7 

8 

34.0 

56.8 

15.3 

84.7 

9 

33.5 

57.7 

14.2 

85.8 

10 

38.0 

56.9 

22.3 

77.7 
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The method presented in this paper determines total alpha and beta lactose 
regardless of the state in which they exist in the dry products. For dry whey 
solids samples 4 to 10, inclusive, in table 3 most of the lactose has been crys- 
tallized as the alpha hydrate during processing. The rate of crystallization 
probably was greater than the rate of conversion of the beta to the alpha form 
so that it would be reasonable to believe all alpha lactose present in these prod- 
ucts to be in the form of the crystalline monohydrate. Therefore, it would be 
interesting to compare results of the water of crystallization of alpha lactose 
calculated on this basis with those determined by the moisture desorption 
method and the indirect method previously published (2) for the determina- 
tion of water of crystallization of alpha lactose. Such data are presented in 
table 4. In general, results by the solubility method are in satisfactory agree- 
ment with those by the other two methods. 


TABLE 4 

Water of eryetallistatioti of alpha lactose in some samples of dry whey solids as determined hy 

three different methods 


Sample 


Water of ciystallization 


Desorption 

method 

Indirect 

method 

Solubility 

method 


(%) 

(%) 

(%) 

4 

2.67 

2.75 

3.05 

5 

2.52 

2.71 

2.61 

6 

2.89 

2.79 

2.87 

7 

2.70 

2.76 

2.88 

8 

2.89 

2.95 

2.81 

9 

2.89 

2.95 

2.96 

10 

2.73 

2.62 

2.65 


SUMMARY 

A method has been developed for the determination of the two forms of 
lactose in dry products of milk based upon the maximum rate of solution of 
lactose and the difference in solubility of the alpha and beta modifications. The 
essential steps consist of (a) adding an excess of alpha lactose hydrate to 
a known quantity of the sample, (b) determining the solubility at several time 
intervals and (c) extrapolating to zero time to obtain the total initial solubility. 
The beta lactose content may be ascertained easily, since below 55 m.mols. per 
100 ml. of water the total initial solubility is the sum of the initial solubility 
of the alpha hydrate and of the quantity of beta lactose present. With the 
beta lactose known, the alpha modification is calculated by difference from the 
total lactose. 

For a sample of spray process nonfat dry milk solids, it has been found that 
size of the sample, within the range of 10 to 50 g., seems to have no effect on 
the results obtained, but with increasing sample size the suspension becomes 
progressively more viscous and difficult to handle! 

The method has been applied to nonfat dry milk solids and dry whey solids. 
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Results for the nonfat dry milk solids are in agreement with those reported in 
the literature. For the samples of dry whey solids in which the alpha lactose 
is present as the chief form, water of crystallization has been calculated, assum- 
ing complete crystallization of all alpha lactose present. Results are in satis- 
factory agreement with those determined by the moisture desorption method 
and the indirect method previously published (2) for the estimation of water 
of crystallization of alpha lactose. 
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OBSERVATIONS ON THE APPLICATION OP THE NITROPRUSSIDE 
TEST TO HEATED MILK 

STUABT PATTONi and DONALD V. JOSEPHSONi 
Dairy Technology Department^ Ohio State UnvoerHiy 

The nitroprusside test has proven to be a satisfactory technic for studying 
the presence and behavior of reduced sulfur in various mediums and under 
widely varying conditions. One of its classic uses is for the qualitative deter- 
mination of sulfur in organic compounds in conjunction with the sodium fusion 
reaction (13). Other important applications include its use in studying pro- 
tein denaturation (1) and in the detection of sulfhydryl compounds (11). 

Many sulfur compounds are notorious for their intense and often disagreeable 
odor. The findings of many workers in the field of dairy research have demon- 
strated that sulfur compounds are implicated in flavor changes resulting from 
the heating of milk and dairy products. It is the consensus that consumer ac- 
ceptance of milk products, the processing of which requires high heat treatment, 
could be improved greatly if the associated flavor problems could be overcome. 
The nitroprusside test should be a very useful research tool in the investigation 
and possible solution of these problems. 

REVIEW OP LITERATURE 

In 1911 Arnold (2) observed that denatured egg protein gives a color reac- 
tion with sodium nitroprusside. Anson (1) since has demonstrated that potas- 
sium nitroprusside may be used to measure quantitatively the sulfhydryl groups 
of denatured egg albumin. Shinohara and Kilpatrick (12) suggest that before 
hydrogen sulfide is liberated from cystine as a result of heating, the cystine is 
converted to cysteine, the reduced form. Such a theory is helpful in explaining 
the mechanism by which sulfhydryl compounds are liberated in heat-denatured 
proteins, since proteins behaving in such a fashion invariably contain compara- 
tively large quantities of cystine. 

Jackson (5) was the first to focus interest on the possible use of the nitro- 
prusside test in connection with milk. He found that raw milk does not give a 
positive nitroprusside test, but that tests become positive if the milk first is 
treated with sodium cyanide, a strong reducing agent. He proposed that this 
phenomenon is traceable to the cystine in the protein complex of milk. Jack- 
son et al. (6) reported that sterilization of cream produced “volatile sulfur” 
which could be detected by the nitroprusside test if heating was carried to 
120° C. for 30 minutes. Gould and Sommer (4) could find no correlation be- 
tween the intensity of the nitroprusside reaction and the temperature at which 
cooked flavor and sulfide liberation occur in milk. However, they did find some 
correlation between these factors when sodium cyanide was added to the milk 
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following heating. In a similar investigation, Josephson and Doan (7) used 
the test as a method of measuring sulfhydryl compounds in heated milk and 
some other heated dairy products. They found very good correlation between 
the degree of cooked flavor and the intensity of the nitroprusside reaction and 
concluded that sulfhydryl compounds, liberated during heating, are responsible 
for cooked flavor of heated milk and milk products. It should be noted that 
different procedures were followed in the use of the nitroprusside test by these 
two groups of investigators which might account for the discrepancies in their 
findings with reference to the test. In fact, Gould (3) in a later publication 
states that satisfactory results (correlation with cooked flavor) were obtained 
with the nitroprusside test when a slight modiflcation of the method of Joseph- 
son and Doan was utilized. More recently, Townley and Gould (14) used the 
test with apparent success in extensive experiments dealing with the heat labile 
sulfides of milk. They noted that prolonged heating of milk at high tempera- 
tures results in decreases in the intensity of the nitroprusside test and the quan- 
tity of volatile sulfides of the milk. At the same time, a gradual change in the 
flavor from cooked to caramelized, together with browming of the milk, occurred. 
Comprehensive data have been gathered on the source of sulfhydryl compounds 
in milk. The results of investigations by Gould and Sommer (4), Josephson 
and Doan (7), Gould (3) and Towley and Gould (15) indicate quite conclu- 
sively that serum proteins and fat globule membrane protein arc the two princi- 
pal sources. 

The foregoing review presents evidence of the usefulness of the nitroprusside 
test, not only as a means of studying protein denaturation and the presence of 
sulfhydryl compounds, but also as a suitable instrument for investigating flavor 
changes resulting from the heating of milk. It seemed worthwhile to determine 
some of the factors which affect the test as it is applied to milk and to give fur- 
ther consideration to its research possibilities. 

EXPERIMENTAL 

The procedure of Josephson and Doan (7) for the nitroprusside test was used 
as a basis for study in these experiments. This procedure is as follows : 

“5 ml. of sample were saturated by adding an excess of solid ammonium sul- 
fate in a test tube and shaking. Then five drops of a 4.5 per cent solution of 
sodium nitroprusside (freshly made) was introduced with agitation, followed 
by five drops of concentrated (28 per cent) ammonium hydroxide. After again 
shaking the tube contents, the color was compared with a series of standards. . . 

According to the observations of various workers (3, 7, 14), the intensity of 
the pink color developed in the test when it is applied to heated milk appears to 
be a direct function of the amount of heat treatment to which the milk has been 
subjected within certain limits. There also is a correlation between the amount 
of color developed in the test, the quantity of volatile sulfides and the degree 
of cooked flavor of the milk. Thus, the development of color in the test has 
quantitative significance in respect to these factors. A visual evaluation of the 
amount of color produced in the test could be used, but a set of standards made 
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up with various combinations of dyes provides a more definite comparison for 
semi-quantitative purposes. Such a set of standards, similar to those used by 
Josephson and Doan (7), was developed for the present investigation. The fol- 
lowing procedure was adopted for making these standards : 

Place 10 ml. of skim milk in each of seven test tubes. To each test tube add 
one drop of 0.1 per cent pontamine brown BT. Then, in successive graduation, 
add 0, 1, 2, 3, 4, 6, and 8 drops of 0.01 per cent safranin 0. Add two drops of 
chloroform as a preservative to each test tube, seal with rubber stoppers and 
agitate until the dyes are distributed evenly. Number the standards from 0 to 6, 
respectively, with increasing concentration of safranin 0. Store the standards 
in a cool place. 

Standards made according to the above method give a wide color range and 
have been found satisfactory for use under most conditions. A possible recom- 
mendation is that the 6 standard should contain a small amount of purple 
color component. Tables contained in this report express intensity of nitro- 
prusside reaction in terms of these numbered standards. The present set of 
standards is almost a year old and is still in a usable condition. 

Since a number of reagents are employed in the nitroprusside test, it was 
considered advisable to investigate them as potential variables. In these studies 
raw milk heated to 90^ C. momentarily and cooled to 20° C. was used as the test 
medium. The following quantities or concentrations of reagents were found 
optimum for the test : sodium nitroprusside, 4.5-5 per cent solution ; ammonium 
hydroxide, not less than 16 per cent strength ; ammonium sulfate, 4 to 5 g. per 
5 ml. sample. The effect of age of the nitroprusside reagent as a factor in the 
test also was investigated. Samples of reagent as much as 40 days old gave 
satisfactory results. It was observed, however, that unless the reagent is stored 
in the dark, it will impart to the test sample a brown discoloration which in- 
tensifies with increasing age of the reagent. One sample of commercial grade 
ammonium sulfate was found to be unsuitable because of the grey color which 
it imparted to the test. Generally speaking, it seems advisable to use^only the 
best quality of chemicals for the test. 

Previous experience indicated that sample temperature might infiuence the 
results obtained with the test as it is applied to heated milk. Experiments con- 
cerning this variable showed that temperature is an important factor in the test. 
Samples of milk which were heated to 95° C. and immediately subjected to the 
nitroprusside test gave no color development whatsoever. As these samples 
were cooled to progressively lower temperatures increasing color intensity was 
secured in the test. The maximum amount of color was obtained when samples 
were cooled to 20° C. or lower. An appreciable difference in color intensity 
was produced in samples cooled to 20° as compared with those cooled to 30° G. 
This effect of temperature appears to be reversible. Samples of milk which were 
cooled to 20° C., reheated to 60° C. and then subjected to the test developed color 
comparable to that of samples cooled directly to 60° C. 

It was observed further that color stability is enhanced by maintaining the 
samples at low temperatures during and after subjecting them to the test 
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TABLE 1 

The effect of cooling temperature on permanence of color developed by the nitroprueaide 
reaction in a sample of heated milk*^ 


Intensity of NP reaction after holding time (min.) of; 

Sample treatment 

0 1 2 3 4 5 30 


Cooled to 30® C., 
tested and held at 


room temperature (28*) .... 
Cooled to 10* C., 

. 4+ 

U 

1 

+ 

0 

0 

0 

tested and held at 








room temperature (28®) ... 
Cooled to 10® C., 

6+ 

6 

5+ 

5 

4 

4 

1 

tested and held in 
an ice bath . .. 

. 6+ 

6+ 

6+ 

6+ 

6+ 

6+ 

6 


• Heated to 95® C. momentarily and cooled as indicated. 

(table 1). Permanence of color is quite advantageous when one wishes to make 
direct color comparisons between samples. This is accomplished best by cooling 
the samples in an ice bath, testing them and then storing them in an ice bath. 
Comparisons should be made within 30 minutes after testing. 

The preceding study of the nitroprusside test demonstrated that the pro- 
cedure of Josephson and Doan (7) for the test is quite satisfactory when tem- 
perature is controlled. In the balance of the experimental work reported in 
this paper, sample temperature was maintained at 20° C. or below for the test. 

The disappearance of sulfhydryl compounds in milk under the influence of 
prolonged high heat treatment raises a new point of interest with respect to their 
behavior. Townley and Gould (14) were the first to point out this phenomenon 
and they also noted that it is correlated with browning and caramelized flavor 

TABLE 2 

The effect of heat treatment on the nitroprusside reaction of skim milk and some of its 

fractions 


NP reaction 


Heat treatment 

Skim milk 

Bennet whey 

Dialyzed skim 
milk 

Dialyzed skim 
milk plus 
lactose* 

Unheated 

0 

0 

0 

0 

78.9* C. flash 

1 


1 

1 

82.2® 

2 

2 

2+ 

2+ 

87.8® 

4 

5 

4 

4 

93.3* ** 

5 

6+ 

5+ 

5 

93.3* 15 min. 

6 


6 

5 

93.3® 30 

4 

6+ 

4+ 

3+ 

93.3® 60 

2 

6+ 

4 

1+ 

Color after 

heatingb 

brown 

normal 

normal 

brown 

Flavor after 

heatingb 

caramelised 

cooked 

cooked 

caramelized 


• 4.76 per cent lactose added prior to heating, 
b 93.3* C. for 60 min. 
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development in heated milk. In an attempt to clarify this matter, skim milk 
and some of its fractions were subjected to prolonged heat treatment and the 
level of sulfhydryl compounds in each fraction was followed during heating 
by means of the nitroprusside test. After completion of the heat treatment, 
flavor and color of samples were evaluated by three experienced observers. 
Table 2 contains representative results from these experiments. 

Dialysis of the skim milk was carried out at 4° C. using a cellophane mem- 
brane, In other trials it was noted that where the dialyzing water was changed 
more frequently a higher level of sulfhydryl substances was maintained in the 
dialyzed skim milk during prolonged heating. The data suggest that the disap- 
pearance of sulfhydryl compounds in skim milk heated for prolonged periods 
is dependent upon the interaction of lactose and casein. This contention is 
substantiated by data secured from samples of skim milk and its rennet whey 
after sterilization (116® C. for 15 minutes) and storage (11 months at 37° C.). 

TABLE 3 

The effect of rennet coagulation on the distribution of sulfhydryl compounds in heated 
sTcimmilh as measured by the nitroprusside reaction 


Nitroprusside reaction 


Heat treatment 

Control skim 
milk 

Whey from 
heated skim 
milk 

Curd from 
heated skim 
milk 

Raw Whey 

Raw Curd 

Unheated 

0 

0 

0 

0 

0 

78.9* C. 

flash 

1 

0 

0 

+ 

0 

82.2’* 

tt 

2 

+ 

0 

2 

0 

87.8* 

tt 

4 


1 

5 

0 

93.3” 

tt 

5 

± 

2 

0+ 

0 

93.3” 

15 min. 

6 

jh 

2 

6+ 

0 

93.3” 

30 ‘‘ 

4 

± 

. 1 

0+ 

0 

93.3” 

60 

2 

± 

0 

6+ 

0 


Following sterilization the skim milk had a caramelized flavor and showed con- 
siderable evidence of browning. Its reaction to the nitroprusside test was faintly 
positive. Under these conditions, the whey showed no evidence of carameliza- 
tion either in flavor or color and gave a very strong reaction to the nitroprus- 
side test. Storage merely amplified these differences. The skim milk became more 
caramelized and gave a negative nitroprusside reaction, whereas the whey showed 
a positive reaction and no caramelization after 11 months’ storage. 

Another interesting property of sulfhydryl substances, with respect to their 
physical stability, is that they may be precipitated from rennet whey by heat, 
yet they appear very stable in heated milk. The protein material which is pre- 
cipitated from whey by heat is quite coarse and gives a very strong nitroprusside 
reaction. This precipitate has a physical character resembling that of cooked 
egg white. No such precipitate is obtained by heating skim milk. It would 
appear that casein prevents the aggregation of serum proteins into large coarse 
particles in heated skim milk. Keiferle and Oloetzel (8), Matsuo (9) and 
Menefee ei ah (10) all have found decreases in albumin nitrogen (in some cases 
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complete disappearance) and compensating increases in casein nitrogen in 
heated milk. Matsuo (9) observed that the albumin content remained constant 
up to 70° C., after which there was a rapid decrease with only a trace remain- 
ing above 96° G. These interesting observations prompted an experimental 
approach using the nitroprusside test as an indicator of sulfhydryl distribution. 
The disposition of sulfhydryl groups in skim milk heated and then rennet-coagu- 
lated was investigated, as well as their disposition in raw skim milk, which was 
coagulated with rennet and the whey and curd then heated separately. This pro- 
cedure enabled a study of sulfhydryl distribution to be made both in the pres- 
ence and absence of casein. In all experiments dealing with this matter it was 
found that sulfhydryl substances associate themselves with the casein in heated 
milk. Since these substances have nothing with which to dispose themselves 
in heated whey, they gather as a precipitate. Data from these experiments are^ 
given in table 3. It also was seen that sulfhydryl substances could be removed 
from heated skim milk only in proportion to the amount of casein removed by 
supercentrifugation at 35,000 r.p.m. Supercentrifugation of heated whey (95° 
C. for 30 minutes) depo.sited a sludge on the centrifuge bowl which gave an in- 
tensely positive nitroprusside test. 

DISCUSSION 

Within fairly wide limits, the strength and the amounts of the reagents used 
apparently do hot influence the sensitivity of the nitroprusside test as it is ap- 
plied to heated milk. Ilow’ever, sample temperature at the time of testing is 
a variable which can affect markedly results obtained with the test. When 
samples of milk are heated to the critical point for sulfhydryl liberation, the 
intensity of the nitroprusside test will depend upon the temperature at which 
the test is made. Where temperature is not controlled, it would be possible to 
obtain negative test results at one temperature and positive results at a lower 
temperature w^ith any given sample. 

It is well to bear in mind that such factors as copper contamination, exposure 
of the milk to air or sunlight and the amount of lactalbumin present in the milk 
might influence results obtained with the nitroprusside test w’hen such milk is 
heated. These factors were not .studied in the present investigation. 

The complexity of chemical changes taking place in skim milk heated for 
prolonged periods at high temperatures is revealed by the study dealing with 
the behavior of sulfhydryl substances in this medium. The data indicate that 
sulfhydryl substances do not disappear during the prolonged heating of whey, 
and, theoretically, the same condition obtains with respect to exhaustively dia- 
lyzed skim milk. The results which were secured w hen lactose was added to 
dialyzed skim milk show the critical importance of this milk constituent in the 
phenomena of browning, caramelized flavor development and the disappearance 
of sulfhydryl substances in heated skim milk. The fact that these changes are 
not observable in heated whey established the importance of casein also in this 
connection. The logical inference is that sulfhydryl groups disappear by reac- 
tion with substances formed from lactose and casein under the influence of heat. 
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The evidence presented in this and other investigations (8, 9, 10) supports 
the contention that heat-denatured serum proteins are associated physically 
and/or chemically with casein in milk heated to high temperatures. Super- 
centrifugation of heated skim milk should effect a separation of casein and serum 
proteins containing sulfhydryl groups. Attempts to separate these protein 
fractions in such a manner were unsuccessful in this investigation. Perhaps the 
effective mass of the two types of particles is the same, and thus they are re- 
moved together, or possibly the two types of particles are associated physically 
and/or chemically and thus are removed together. The latter presents a more 
likely explanation. The former, if true, would be quite coincidental. At least, 
some form of colloidal protective action seems indicated based on the differences 
in behavior of serum proteins in heated milk as compared with heated whey. 

Such an association, resulting from the heating of milk, may be explainable 
on the basis of changes in electrostatic charge between the two types of protein 
particles or the liberation of certain chemical groups having an affinity for one 
another. The differences in curd characteristics of heated and unheated milk 
may result in part from this association. A casein curd containing denatured 
serum proteins hardly could have the same physical or chemical characteristics as 
a pure casein curd. Theoretically, the structure of the curd should be weaker 
and therefore softer due to the hindering effect of serum proteins on the so- 
called network formation. The effect of heat in reducing the amount of calcium 
ion in milk also must be considered as a factor influencing curd tension and 
curd particle size. In any case, the apparent association of casein and serum 
proteins in heated milk is worthy of further research. 

SUMMARY 

The procedure of Josephson and Doan (7) for the nitroprusside test was 
found to be satisfactory in its application to heated milk when the factor of tem- 
perature was controlled. For optimum results, samples should be cooled to 
20° C. or lower before subjecting them to the test. 

Experiments utilizing the nitroprusside test as an indicator of sulfhydryl 
behavior demonstrated that these groups disappear in skim milk heated for pro- 
longed periods at high temperatures. This disappearance depends upon a 
reaction involving lactose and casein and is correlated with the development of 
caramelized flavor and browning. 

The distribution of sulfhydryl substances in heated skim milk was studied, 
using the nitroprusside test. These substances associate themselves physically 
and/or chemically with the casein in heated skimmilk. This phenomenon may 
be an important factor in explaining the soft curd characteristics of highly 
heated milk. 
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MILK SURFACES. I. THE SURFACE TENSION OF FRESH 
SURFACES OF MILK AND CERTAIN DERIVATIVES' 

CARRELL H. WHITNAH,* RALPH M. CONRAD, a AND GLEN L. COOK^ 

This investigation started with the assumptions that the surface tension of a 
freshly-formed milk surface should not differ greatly from the surface tension 
of pure water and that it might be possible to observe early changes in surface 
tension of freshly-formed milk surfaces. At least, it was hoped to find ways of 
so modifying or fractionating milk that an early rapid fall in surface tension 
could be measured. Any such fall in surface tension would be some indication 
of the accumulation or orientation of surface-active material on the surface. 

REVIEW OP LITERATURE 

A sufficient introduction to the history of measurements of the surface ten- 
sion of milk and to the nature of surface-active substances to be expected in milk 
is given in recent papers by El-Rafey and Richardson (5, 12) and by Aschaffen- 
burg (3) and in papers cited by these authors. 

The vibrating-jet method of measuring surface tension as proposed by Ray- 
leigh (11) and refined by Pedersen (10) and Bohr (4) seemed most promising 
for very young surface ages. This method was used with some simplification 
by Addison (1) to measure the rate of fall of surface tension of solutions of 
certain alcohols. In Addison’s solutions the fall of surface tension measured 
a rate of adsorption in the surface from the bulk of the solution. Addison re- 
ferred to the changing surface tension in young surfaces as dynamic, and to 
the constant value obtained later as static. He considered his static values to 
represent a true equilibrium between the surfyce and the bulk of the solution. 
If a surface-denatured protein accumulates on a milk surface and if this de- 
naturation is irreversible, the static or nearly constant surface tension would 
not represent a true equilibrium (8). The simplified theory of this method 
is that if a jet of liquid fiows from an elliptical orifice, the surface tension of 
the jet pulls it into circular cross section. The momentum of this motion later 
produces another elliptical cross section with the major axis at right angles to 
the major axis of the orifice. Repetition of this process produces a series of 
standing waves which can be photographed and measured. With any given set 
of conditions, a decrease of surface tension increases the wave length. 
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The formulas of Pedersen and Bohr (10, 4) using suitable symbols may be 
expressed as follows; 


(Pi + P)kWJ2(irk) 

(3 + r» k*)irk J,'(irk) ^ 
T 


[ * * Kilrt)’'- * (^J] * fi 5) 


Pi 

P 

k 

1 

r 

a 

b 

c 

f 

/* 

m 

J 2 


U 2 * 


Pcr*ky 

« Surface tension dynes/cm. 

» Density of medium (air) g./c(?. 

* Density of liquid g./cc. 

= 2ir/L V « 3.1316. 

« Wave length cm. (node-to-node or loop-to-loop). 

* Equivalent radius or Vab. 

= 1/2 long axis = ' ‘ r max. ' \ 

* 1/2 short axis » “r min.**. 

» Velocity of jet cm./sec. » f/(ar ab). 

•= Plow rate of jet g./sec. 

= Coefficient of viscosity. 

» (a4'b)/2 n« (a -b)/2 • i « \/““l* 

« Bessel’s function of order 2. 

« First derivative of J 2 . 

J 2 (irk) (Given in Pedersen’s table for values of rk.) 


(3-r* k*) irk J '2 (irk) 


The term in brackets is Bohr’s correction for the viscosity of the liquid in 


( 37 n^ \ 

1 is Bohr’s correction for the finite differ- 

ence a-h, A finite value of this difference definitely was excluded in Kay- 
leigh’s original calculations but is needed to make the wave lengths measurable. 
These last two terms were omitted in Pedersen’s formula. They are not im- 
portant in the work of Pedersen or Bohr, but in the present study were found 
to reach values as high as 1.02 and 1.20, respectively. 

After years of study with other methods of measuring surface tension, Har- 
kins and Anderson (6) selected the WiUielmy hanging slide for measuring dif- 
ferences in static surface tension. Materials for a similar apparatus were avail- 
able for parts of the present study. The pendant drop method of Andreas 
et al, (2) might have been more suitable but would have required the building 
of another elaborate apparatus. 

Although there are no known studies of possible decomposition products 
arising from the method of removing protein fractions proposed by Harland 
and Ashworth (7), this treatment seemed mild and was different from the 
methods used by Bl-Rafey and Richardson (5) and by Aschaffenburg (3). 


APPARATUS 

The optical methods for measuring the wave lengths of vibrating jets that 
depend on the lens-like action of the jet are not available for an opaque liquid 
like milk. Therefore, the jets were photographed and measurements of both 
length and diameter were made from these photographs. On early plates both 
the lengths and diameters were measured on a projected image of the photo- 
graph where the total magnification was about 25. On later plates the diame- 
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ters were measured with a microscope fitted with a mechanical stage capable 
of reading .0001 cm. This stage was mounted on a lathe carriage so that the 
longitudinal and transverse feed screws measured changes in position of the 
plate. Rotation of. the arm carrjdng the microscope permitted the selection 
of a convenient range for the cross feed. A mirror from a 16 mm. gun camera 
permitted a horizontal eyepiece and also permitted alignment of the image of 
the jet axis with the longitudinal motion of the stage. 

The position of the wave ends on the photograph could not be judged as 
accurately with the microscope as on the screen. Therefore, all wave lengths 
were measured on the screen. In early photographs the pictures were taken 
with white light. Later a mercury vapor lamp with Corning filters to isolate 
the line at 435 m^i was used. 

Orifices were arranged to produce three simultaneous, nearly horizontal jets 
in a single vertical plane. The axis of a machine screw, selected for uniformity 
of thread pitch, also was placed in this plane to serve as a basis for determining 

TABLE 1 

Characteristics of Orifices 


Orifice 

no. 

Material 

Major 

axis 

Minor 

axis 

Thickness 

Surface 
tension of 
water at 25“ C. 



(cm,) 

(cm.) 

(cm.) 

(dynes/ cm,) 

1 

Steel 

.om 

.035 

.0051 

73.9 

2 

Brass 

.084 

.069 

( t 

72.3 

3 

Steel 

.127 

.100 

( t 

71.1 

4 

Glass 

.0424 

.0318 

.0170 

95.3 

5 

i t 

.0645 

.0466 

( f 

61.6 

6 

n 

.0724 

.0636 

i ( 

72.3 

7 

Gold 

.0422 

.0304 ^ 

.0046 

71.6 

8 

( < 

.0503 

.0369 

fi 

71.0 

9 

< < 

.0737 

.0540 

(€ 

70.2 


magnification. The three simultaneous pictures helped to separate irregulari- 
ties in the jets and their measurements from variation between samples of milk. 

• The orifices were formed in thin plates because of Addison’s finding (1) that 
initial disturbances in the jets vanish more quickly if the orifices are plates 
rather than tubes. Three groups of orifices were tried. 

In the first group, an orifice was formed in a thin sheet of brass or steel. 
To form an orifice, a round hole was first drilled in a plate with a jeweler’s 
drill of the size desired for the minor axis. The hole then was made nearly 
elliptical by tilting the drill. The final shape of the hole then was formed by 
filing with a roughened wire until the shape appeared satisfactory under a 
microscope. A steel orifice was of harder material and could be fashioned 
more easily into acceptable shape but rusted easily so that repolishing was nec- 
essary before each use. It was difficult to obtain a smooth edge on a brass ori- 
fice as the sheet showed grain, fiber or flaws. The surface tension of milk at 
ages from .0007 to .0265 seconds was measured with these orifices, using white 
light and the projector for both the lengths and diameters of the waves. Some 
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characteristics of these orifices are given as numbers 1, 2 and 3 of table 1. The 
sheet was soldered onto the end of a brass tube and the tube was mounted with 
glyptal cement in the end of a glass tube. This procedure of mounting was 
satisfactory if the orifices could be aligned by inspection. When the photo- 
graphs were twice natural size it was necessary to produce jets and align the 
orifices before the cement hardened completely. After such procedure some 
cement dissolved and frequently accumulated in the orifice, changing its size 
and shape. 

The second group of orifices was made in glass plates. An electric spark 
■was used first to punch or tear a hole in a pyrex coverglass made for micro- 
scope slides. This hole then was enlarged with a soft wire carrying an abrasive. 
The hole was finished much as in the first system. It was not possible to get 
the edges of the orifice entirely free from splinters extending part way through 
the thickness of the glass. Also, the edge near the ends of the major axis was 
beveled somewhat. Three orifices of this type were cemented to the ends of glass 
tubes and baked in an oven to harden the cement. The tubes then were sealed 
to the supply tubes in such a w'ay that the orifices appeared in proper position. 
The tubes were realigned, if necessary, to bring the three jets into one plane. 
It \vas not found possible to mak(‘ the three jets exactly parallel in this plane. 
Jets from thes(‘ orifices were n^producible and (*oiild be read for a greater num- 
ber of waves than for orifices of the first system. However, the jets were not 
satisfactory because the surface tension of water was irregular and because of 
uneven wave lengths and of irregular positions of occasional nodes. These 
orifices are described as numbers 4, 5 and 6 of table 1. 

The third group of orifices was made in sheets of 14-karat gold. Three 
tap(Ted holes were drilled on the center line of a stainless steel plate w’hich 
fitted as a cover for one side of a tank or chest of similar metal. A sheet of gold 
thgii w^as soldered over the small end of each hol(» and the entire assembly im- 
bedded in plastic. The three orifices then were drilled through the plastic and 
the gold plates with a Gorten pantograph milling machine. The plastic was 
removed after the orifices WH»re formed. The controlled motion of the table of 
the milling machine permitted accurate placing of both the position and direc- 
tion of the axes of the orifices. These orifices are numbt*rs 7, 8 and 9 of table 1. 

The orifices, the machine screw and nearly all of each jet w^ere enclosed iii a 
jet house. This was to avoid evaporation from the surface of the j(‘ts, change in 
temperature of the jets and disturbance from currents of air. The jet house 
had double window^s on both the side tow^ard the condensing lens and on the 
side toward the camera. Just enough warm air was blown into the space be- 
tw»een each of these double windows to prevent fog from collecting on the inner 
surfaces. Three holes in the end of the jet house away from the orifices per- 
mitted each of the three jets to flow into the container or jet catcher where the 
flow for a measured time was caught and w^eighed. The three containers w^ere 
mounted in a rack which could be moved along sliding ways in front of the jets 
as a stopwatch was started and away from the jets as the watch w^as stopped. 
A diagram of the final form of the apparatus is shown in figure 1. 
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For static measurements of surface tension, a torsion balance with dial cali- 
brated to read 500 mg. at 2 mg. per division was used. A table on a vertical screw 
was mounted under the balance arm. Bods from this table extended down 
through the base of the balance into an air-conditioned metal cabinet where they 
carried a shelf on which samples were placed. A fine wire extended from the 



Fig. 1. Vibrating Jet Aseembly Parts 1-3 = 1 size. Parts 4-12 = 1 size. 1. Supply 
with syphon and control. 2. Beservoir with stopcock. 3. Heat exchanger. 4. Ground glass 
joint. 5. Stainless steel chest. 6. Dial thermometer in glass joint. 7. Overflow tube. 8. 
Tapered holesi orifices, and jets. 9. Exit holes in jet house. 10. screw for scale. 

11. Jet catchers and containers. 12. Inlet for warm air. Steel sections ||| = |||. Brass 
sections {|| s s. 

balance arm into the cabinet to carry the slide which made the surface contact. 
The slides used were 22 x 35 mm. pyrex coverglasses made to cover microscopic 
slides. A lamp outside, but near a window of the cabinet, kept the window free 
from condensed moisture and also lighted the interior of the cabinet. 
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When milk was rehomogenized^ this was done by passing it three times 
through a single-cylinder hand homogenizer. 

PROCEDURE 

To measure surface tension by the vibrating- jet method, milk or other liquid, 
cooled below the lowest temperature to be used, was placed in the supply system. 
Water to maintain the desired temperature was placed in or circulated through 
the outer chamber of the heat exchanger. The liquid was allowed to flow at a 
rate to supply the jets and cause from 30 to 120 drops per minute to fall from 
the overflow. 

While the chest and jet house were coming to temperature equilibrium, the 
alignment and focus of the camera and lamp were checked. If the experiment 
was being conducted at more than 5° C. above room temperature, a stream of 
warm air was blown through the space between the double windows of the jet 
house. As soon as the temperature in the chest became constant, the weighed 
jet-catchers were slid in front of the jets wuth one hand while a stop watch was 
started with the other. After about 1 minute the air-blower and water-circulat- 
ing pump were stopped for a few seconds to avoid vibration vrhile the actual 
photographic exposure was being made. The pump then was restarted and let 
run until the discharge from the jets had been collected for about 2 minutes. 
The jet catchers then were' pushed away from the jets and the watch was 
stopped. The circulating pump, water bath heater and lamp then either were 
turned off or were set for a higher temperature. 

The jet-catchers containing the liquid collected during the measured time 
were wiped clean, adjusted to room temperature and weighed. The temperature 
at the time of exposure and the reading of the stop-watch were recorded. 

Wave lengths were measured by projecting the photograph of the jet on a 
screen of drawing paper. The position of each node and loop was marked on 
the screen. Then the distance of each node {No, Ai, N 2 . . ) and each loop 
(Lo, L,, L 2 . . .) from the orifice was measured. The marking and measuring 
of these positions were repeated ten times and the ten values for each distance 
were averaged. The difference between successive average values of A or L was 
taken as a wave length (1). The wave beginning at No and ending at N^ was 
considered to have an average distance from the orifice of Lq. This distance 
and the flow rate were used to calculate the age of this wave. 

If diameters were measured on the screen, the procedure was similar to that 
for wave lengths. If diameters were measured with the microscope, the plate 
was placed on the stage so that the axis of the jet would remain on a center line 
in the eyepiece during longitudinal motion of the carriage. The longitudinal 
position for the first minimum width {No) of the jet was selected and the width 
measured ten times. These values then were averaged for NDo. Similarly for 
LDo, NDi, etc. 

The diameter measujTed at Lo was used as the major axis (2a) there. The 
corresponding minor axis (2h) was assumed to be the average of values mea- 
sured at No and Ni. When the correction factor for amplitude was not used, 
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2a and 2h were taken as the average of all available consecutive values, with the 
limitation that first and last values were either both nodes or both loops. These 
average values were used to determine the equivalent radius (r) even when the 
particular correction factor for amplitude was applied to each wave, 

A specific gravity balance and an Ostwald viscosimeter were used to deter- 
mine the densities and viscosities at the temperatures used for measuring surface 
tension. The values were determined relative to water (9). 

For measurements with orifices 1-3 the first term of the formula of Bohr (4) 
and Pedersen (10), as given above, was used without either correction factor. 
For measurements with orifices 7-9, the amplitude correction was used on each 
wave. The viscosity correction was important only for evaporated milk. 

The liquids thus tested included (a) water, (b) commercially homogenized 
milk, (c) evaporated canned milk, (d) rehomogenized milk diluted 10 times 
with water, (e) the filtered serum obtained after saturating milk with sodium 
chloride and holding overnight at 40° C., and (f) the above serum after bring- 
ing to pH 2 with hydrochloric acid, holding overnight and filtering again. Milk 
and the two sera just described also were diluted with water until changes of sur- 
face tension with surface age could be measured by the jet method and also, 
after further dilution, on the static balance. 

RESULTS AND DISCUSSION 

The surface tensions of water measured with the orifices used for milk and 
other liquids are shown in the last column of table 1. 

A summary of 215 measurements on commercial homogenized milk at 25° C. 
and at surface ages ranging from .0007 to .0265 seconds, is shown together with 
standard deviations (13) in table 2, There w^as some decrease of surface ten- 
sion within this range of surface age. llowfever, the surface tension of the 
youngest surface was still nearly equal to the static value for milk. 

The gold orifices produced longer jets from each of which a greater number 
of waves could be measured. Also overtones were not noticeable in these jets. 
The values for surface tension at different ages, however, were no more consist- 
ent than values in table 2 for the same surface ages. The measurements on 
milk with the gold orifices therefore were used only to detect any change of sur- 
face tension at the youngest possible age.s. The average correction factors needed 
to reduce the surface tension of water and of milk at Lo and Ni to the average 
value from Li to the end of the jet (a;) are shown in table 3. 

At Lo the factors for milk are only slightly larger than corresponding factors 
for water, for orifices 7 and 8. For orifice 9 the factor for milk is slightly 
smaller than for water. If the surface tension of milk relative to water were 
decreasing at these surface ages, the correction factor for milk should be corre- 
spondingly larger than for water. The similarity of factors indicates that 
there was no great change in the surface tension of milk at these surface ages. 
Therefore, most of any change in the surface tension of milk relative to water 
had taken place before the surface had reached the age of .0003 seconds. 

It is not surprising after the above results that no change with age was 
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TABLE 2 

Summary of surface ienewne of oommerciaUy homogenised milk at C. and increasing 

surface ages 


No. of values 
averaged 

Av. 

age 


Surface tension (dynes/cm.) 

Av. 

Standard 

deviation 

Standard 
error of mean 

7 

(sec.) 

.0007 

58.39 

2.52 

.95 

17 

.0014 

56.07 

2.42 

.59 

14 

.0021 

55.08 

2.90 

.77 

19 

.0028 

55.28 

4.01 

.92 

19 

.0035 

55.10 

4.66 

1.07 

9 

.0042 

53.29 

2.12 

.71 

19 

.0049 

50.51 

3.16 

.72 

10 

.0056 

52.48 

2.27 

.72 

8 

.006.3 

50.98 

1.97 

.70 

11 

.0070 

50.45 

3.11 

.94 

11 

.0080 

51.38 

2.86 

.86 

n 

.0090 

51.42 

2.36 

.71 

8 

.0100 

52.05 

2.88 

1.02 

5 

.0110 

52.11 

1.56 

.70 

9 

.0120 

52.60 

2.67 

.89 

10 

.0130 

50.45 

2.46 

.74 

8 

.0145 

50.30 

4.89 

1.73 

7 

.0165 

49.51 

2.52 

.95 

5 

.0185 

49.00 

2.03 

.91 

3 

.0205 

51.96 

2.21 

1.28 

3 

.0225 

52.07 

2.93 

1.69 

2 

.0265 

46.82 

1.73 

1.22 


found in the surface tension of evaporated milk. The viscosity of .199 poises of 
this product at .15® C, was so jrreat that wave lengths in the jets could not be 
measured, altliough a very clear picture of the jet was obtained. Measurements 
at 48 and 66'’ 0. gave average surface tensions of 50.3 and 50.7 dyiies/cm., re- 
spectively. Viscosities at these temperatures were .045 and .024 poises, respec- 
tively. 

When milk was modified by diluting with 10 parts of water or by removing the 
casein or total protein (7) the surface tension did change at measureable values 
of surface age. From varying short intervals after the first measurements, the 
surface tension dropped at a rapid, nearly constant rate. After a later surface 
age, which also varied with the particular liquid, the surface tension changed at 

TABLE 3 

Correction factors for surface tension at L,> and Ni needed to make these values equal to 
corresponding average values for L, to end of the Jet (x) 


Orifice no. 


7 



8 


9 


Wave no. 

U 

N, 

X 

u 

N, X 

U 

N, 

X 

Liquid 




Correction factor 




Water .. . . 

.7610 

.9634 

Nt 

.7657 

.9452 U 

.9416 

.9560 

N. 

Milk 

.7987 

.9124 

N, 

.8026 

.9363 

.8992 

.9569 

N, 

Surface age 
(sec. X 100,000) . . 

28 

55 


45 

80 

82 * 

133 
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TABLE 4 

Surface tension of modified mWes at eharacteristie surface ages 


Milk diluted Non-oaeein Non-protein 

1 milk + 10 water filtrate filtrate 


Temp. • C. 

50 

15 

15 


15 

Characteristic 

Age' T* 

Age T 

Age T 

Age 

T 

Fall starts 

10 65.8 

20 66.0 

10 88.0 

10 

91.0 

Break* 

20 61.0 

60 59.0 

35 80.0 

30 

80.0 

1st rate* . .. .... .. 

4800 

1750 

3200 


5500 

Oldest age 

70 55.4 

100 57.0 

70 79.4 

70 

79.2 

2d rate 

1120 

500 

171 


200 

Static T 

44.0 

50.4 

54.7 


51.0 


' Seconds x 10,000. 

* Surface tension {dynes/ cm.) 

* Intersection of two nearly straight portions of curve for surface tension vs. surface age. 

*Bate of fall in surfaco tension (dynes/em./see.). 

another nearly constant but much slower rate (table 4). Before using these 
data as precise characteristics of the modified milks, many more observations 
and more careful definitions of the liquids are needed. The data, however, do 
furnish a definite contrast to the nearly constant surface tension of whole milk 
at similar surface ages. 

A 1 per cent solution of milk, or either of the above filtrates undiluted, 
would reach a constant surface tension within 1 minute. Dilutions of 1 per 
cent, for the filtrate, or of .01 or ,005 per cent for milk were satisfactory for 
observing, with the static balance, the change in surface tension. Static surface 
tensions of rehomogenized milk and of commercially-homogenized milk, freshly 
warmed to temperatures from 15 to 70® C. after storage at about 5® C. for 1 to 7 
days, and of fresh dilutions of the stored commercially-homogenized milk are 
shown in table 5. For each pair of values at a given age and temperature, the 
surface tension for the commercially homogenized milk was slightly greater than 
for the rehomogenized milk. Data are not available to show how universal this 
relationship is. 


TABLE 5 

Static surface tensions of rehomogenised milk and eommerciaUy homogenized milk freshly 
warmed to indicated temperatures after storage at about 5* C, for 1 or 7 d. and 
of fresh dilutions of the stored eommerciaUy homogenized milk 


Behomogenized Commercial Commercial diluted to: 


•c. 

Id. 

7d. 

Id. 

7d. 

10% 

1% 

.1% 

.01% 

15 

47.9 

46.1 

53.5 

(dynes/cm.) 

48.0 50.4 


53.3 


25 

46.3 

45.0 

48.8 

45.9 

46.9 

51.6 

51.5 

56.5 

80 

45.5 

44.8 

46.7 

45.4 

45.8 

50.2 

50.2 

53.8 

40 

44.9 

43.9 

45.1 

44.9 

44.8 

49.2 

47.4 

52.7 

50 

43.3 

43.3 

44.2 

43.7 

44.0 

48.0 

46.4 

51.9 

60 

42.8 

42.6 

44.0 

44.1 

43.6 

46.9 

45.6 

50.9 

70 

41.8 

43.0 

43.5 


4S.7 

46.5 

43.9 

45.9 
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TABLE 6 

Svrfaoe tensions of diluted mUlc, diluted non-casein filtrate and non-protein filtrate in relation 
to eleandng of slide before each reading, depth of solution and surface age 


Temp. " C. 

25 

25 

20 

20 

20 

20 

Cleaned slide 

No 

No 

Yes 

Yes 

Yes 

No 

Substance 

Milk 

Milk 

Milk 

N.C.F. 

N.P.F. 

N.P.F. 

Biln. to % 

.006 

.005 

.01 

1 

1 

1 

Vol. ml. 

20 

120 

20 

20 

20 

20 

Container 

A 

A 

B 

B 

B 

B 

Age (min.) 



Surface tension {dynes/ cm.) 



1 

71.0 

70.5 

72.1 


72.6 

71.7 

1.5 

70.6 

69.7 

71.6 

55.0 


71.4 

2 

70.1 

69.0 


54.7 

72.6 

71.0 

3 

69.0 

67.6 

70.8 

54.5 


70.5 

4 

68.8 

66.8 




69.9 

5 

68.3 

66.0 

70.8 

54.3 


69.2 

8 

67.9 

64.8 

70.8 

54.1 

72.5 

67.9 

12 

67.4 

63.9 

70.5 

53.8 

72.5 

66.3 

18 

67.4 

62.9 

69.4 

53.6 

73.1 

64.3 

73 




53.0 




93 



63.2 



.. . . 

116 




52.7 

72.2 

, ... 

176 



60.4 





225 



60.4 

52.3 

70.4 

.. 

346 




. » 

64.9 


390 




. ... 

62.5 


626 





61.8 

. 

1146 




50.3 



1338 





59.6 



In table 6 are shown surface tensions of dilutions of milk, non-easein filtrate 
and non-protein filtrate, measured with the static balance with and without clean- 
ing the cover glass before each measurement, on solutions of different depths 
and at different surface ages. 


TABLE 7 

Rate of fall in surface tension^ at various ages, of high dilutions of each milk, non-casein 
filtrate, and non-protein filtrate; from values in table S 


Surface 


Rate of fall 


Age 

.01% milk 

1% N.C.F. 

1% N.P.F. 

(iwin.) 


{dynes /cm. /min.) 


1.5 

2 

1.0 

.6 


12 

.08 

.08 

.00 

93 

.08 



115 



.003 

176 

.046 

.. 


225 

.000 

.036 

.016 

346 




.045 

390 



.055 

626 

.. .. 


.003 

1146 


.002 


1328 



.... 

.003 


Total f aU 
as % of in- 
itial value 16.2 8.5 17,9 
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The progressively smaller fall in the surface tension of the 20 ml. sample of 
.005 per cent milk compared with the 120 ml. sample at identical surface ages 
indicates that the smaller sample contained an inadequate amount of surface 
active material to quickly or fully saturate the surfaces of the solution. 

For the two identical solutions of non-protein filtrate, the consistently lower 
values with the slide not cleaned before each measurement (table 6) indicate 
that the contact edge or surface of the cover glass must absorb an appreciable 
amount of surface active material before it can give a constant tension. It 
seems quite possible that this absorption may produce a contact angle greater 
than zero. Such a disturbance probably would be detected less easily but be 
more serious with a wire ring than with the cover glass. 

The changes of surface tension with age when the cover glass was cleaned 
before each measurement and when the volume of the solution and the shape of 
the container were identical are shown in table 7. 

The initial objective of this phase of the study was to modify milk so that 
the rate of change of surface tension could be observed with simple apparatus. 
This objective has been achieved. An explanation of the lag of nearly 2 hours 
before the surface tension of the diluted non-protein filtrate started to fall or 
of the relatively small total fall in the surface tension of the non-casein filtrate 
is outside the scope of this paper. 

SUMMARY 

The vibrating-jet method of measuring surface tension was applied to milk. 

The surface tensions of commercially homogenized milk at 25® C. were deter- 
mined at surface ages ranging from .0007 to .0265 seconds. Correction factors 
needed to reduce the measured surface tensions at surface ages as young as .0003 
seconds to average values excluding the first tw 9 waves were nearly identical for 
milk and water. Any great change in the surface tension of milk relative to 
water therefore must have taken place before the surface age of .0003 seconds. 

When milk was diluted with ten parts of water, or when the casein was pre- 
cipitated by saturating the milk with sodium chloride or when other proteins, 
also were precipitated by acidifying with hydrochloric acid, large decreases of 
surface tension were found in the age range .001 to .01 seconds. 

When milk was diluted to .01 per cent or when the above filtrates were 
diluted to 1 per cent, decreases in surface tension could be observed by ordinary 
methods for periods of several hours. 
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EFFECTS OF VITAMIN A AND CAROTENE INTAKE ON DEPLETION 
TIME OF YOUNG DAIRY CALVES 

W. C. JACOBSON, H. T. CONVERSE, and L. A. MOORE 

Bureau of Dairy Industry, Agricultural Besearoh Administration, 

United States Department of Agriculture 

The present practices of rearing dairy calves with limited amounts of whole 
milk have altered considerably the quality and quantity of food a calf receives 
up to 4 months of age, as compared with former feeding practices in which whole 
milk was fed more liberally or the calves were allowed to suckle their dams. In- 
sofar as vitamins are concerned, the intake of vitamin A has been reduced mate- 
rially by present-day feeding practices. Moore and Berry (8) found that when 
calves were reared according to present-day methods of limited whole-milk feed- 
ing, the vitamin A content of the blood plasma from birth to 4 months of age was 
in the deficient range, as judged by blood values of vitamin A-deficient calves 4 
to 14 months of age. Moore et al, (9) reported that the vitamin A content of 
the blood plasma of dairy calves reared on a limited whole-milk feeding program 
was one-third lower than that of beef calves of the same age that were permitted 
to suckle and thus obtained considerably more whole milk. Wise et al. (13) 
found that the vitamin A content in the blood serum of calves at 5 weeks of age 
was 50 per cent lower than it was at the colostrum feeding period and at 10 weeks 
of age when the calves had started to consume more hay. 

Krauss et al, (5) reported a decrease in the incidence of pneumonia in calves 
that received 15,000 I.U. of vitamin A concentrate daily as compared with a 
similar group that received no concentrate. Gullickson and Fitch (3) noted less 
trouble from digestive disturbances in young calves fed cod-liver oil than in 
calves not receiving the supplement. Whole milk was fed at the rate of one- 
eighth of the body weight per day for the first 30 days, followed by skim milk 
to 6 months of age. While calves in both groups had scours, some of the calves 
that received no supplement died. Phillips et al, (12) reported that the adminis- 
tration of a high vitamin A potency shark-liver oil plus certain of the B vitamins 
eliminated diarrhea and lowered the mortality caused by pneumonia. 

In experiments at the Michigan station Moore (7) found that young calves 
invariably died of pneumonia and scours before 3 months of age when placed on 
a vitamin-A deficient ration. Converse and Meigs (1) showed that calves on a 
low vitamin-A intake died before 100 days of age. These reports suggest that 
vitamin A might have played a part in building resistance against bacterial in- 
fections in young calves. The evidence, while not clear-cut, seems to indicate 
that calves reared according to present-day methods of limited whole milk feed- 
ing may not receive sufficient vitamin A from birth to 4 months of age. 

A summary of the Beltsville data (2) on the vitamin A requirements of calves 
from birth to 6 months of age indicates that a minimum daily intake of between 

Received for publication December 20, 1948. 

418 



CABOTBNB DEPLETION OP CALVES 


419 


10 and 25 y of vitamin A (from cod-liver oil) per lb. of body weight was necessary 
to maintain normal growth. A study of the data reported by Lewis and Wilson 
(6) indicates that the minimum requirement for growth lies between 4,5 and 9 y 
of vitamin A daily per lb. of body weight. These figures are somewhat lower 
than those reported from Beltsville. However, Lewis and Wilson (6) found 
that a daily intake of 9 to 18 y of vitamin A per lb. of body weight was necessary 
to maintain the blood plasma vitamin A values above the deficient range. 

Apparently tlie minimum quantity of vitamin A required per lb. of body 
weight to maintain good health, growth, and a normal level of vitamin A in the 
blood lies between 18 and 25 y per day per lb. of body weight. If an arbitrary 
value of 25 y is chosen and this figure is doubhid for optimum results under prac- 
tical farm conditions, a 100-lb. calf would need 5,000 y of vitamin A or about 
20,000 l.U. per day. 

In 1941 Phillips et al. (12) noted that supplementing the ration with 5,000 
l.U. of vitamin A plus niacin and ascorbic acid in capsules was effective in pre- 
venting scours and pneumonia in young calves. These data have received wide 
publicity, and as a result, several drug houses have placed capsules on the market 
containing these ingredients. However, other data (4, 11) show that the feeding 
of these capsules is of little value in preventing scours in calves roared under 
practical farm conditions. Possibly addition of 5,000 I.IJ. per day to the ration 
was not sufficient to bring oilt differences in response of calves to vitamin A 
feeding. 

Apparently there is need for further carefully controlled experiments to de- 
termine the requirements for vitamin A and also the value of vitamin A supple- 
ments in the ration of the dairy ealf up to 4 months of ago, especially the effect 
of supplementing with larger quantities than 5,000 to 10,000 I.TJ. per day. 

The object of this experiment was to determine the difference in blood plasma 
vitamin A levels and vitamin A stores between calves fed various amounts of 
supplemental vitamin A and those reared under natural conditions, as well as 
those reared using present-day feeding practices. 

EXPERIMENTAL PROCEDURE 

Fifty-two calves of the Jersey and the Holstein breeds were used in this ex- 
periment. Since no data are available on the blood plasma vitamin A and caro- 
tene levels in dairy calves reared under natural conditions, two cow’s were turned 
on pasture approximately 2 weeks before parturition. The cows calved on pas- 
ture and the calves were allowed to run with their dams on pasture until they 
were 90 days of age. Thus the calves not only had access to all the whole milk 
they could consume, which would be high in vitamin A, but they also had access 
to whatever fresh grass they desired to consume. 

Fifty male calves received colostrum for 3 days and then were given a limited 
quantity of whole milk daily to 60 dajTs of age and a grain mixture and alfalfa 
hay from birth to 90 days of age. A total of about 360 lb. of whole milk was fed 
to 60 days of age in this experiment. Twenty-four of these calves received sup- 



420 


W. 0. JAOOBSON ST Ah, 


plementary vitamin A in cod-liver oil. Eleven of the 24 calves received 25,000 
I.U. of vitamin A per day for varying periods of time np to 42 days of age, and 
13 of the 24 received 50,000 I.U. of vitamin A per day to various periods ranging 
up to 90 days of age. Ten to 15 ml. of cod-liver oil were used to furnish 25,000 
I.U. of vitamin A, depending on its potency, while double these quantities was 
used to furnish 50,000 I.U. The factor 4 was used to convert micrograms of 
vitamin A to International units. 

The whole milk the calves received was from cows on dry feed and was ana- 
lyzed monthly for vitamin A and carotene. Weekly carotene determinations 
were made on a composite sample of the hay that the calves received. Records 
were kept on feed consumption of each calf and the total carotene and vitamin A 
intake to 90 days of age was calculated from these data. The calves were weighed 
every 10 days and the number of days they scoured was recorded. 

At 90 days of age all the calves were placed on a vitamin A-free ration, con- 
sisting of grain and skim milk, for the purpose of depleting their vitamin A 
stores. The time required for depletion was determined by following the changes 
in the vitamin A level of the blood plasma. A calf was considered depleted when 
the blood plasma contained less than 4 y of vitamin A per 100 ml. for 2 consecu- 
tive weeks. Weekly vitamin A determinations were made on all calves from birth 
throughout the experimental period. 

RESULTS AND DISCUSSION 

The time required for the blood plasma vitamin A to decrease to 4.0 y per 
100 ml. after the various calves were placed on the depletion ration is shown in 
table 1. It will be noted that the two calves permitted to run with their dams 
on pasture required up to 4 months for depletion, whereas the calves on limited 
whole milk and no supplemental vitamin A' usually required only 2 to 3 weeks. 
The exceptions in the latter group are due to the fact that some calves received 
hay of exceptional quality, the effect of which will be discussed later. 

In most cases the calves that received supplemental vitamin A had depletion 
times which fell between the two extremes, depending on the amount of supple- 
mentation. Calves that received supplemental vitamin A at the rate of 50,000 
I.U. per day for 50 days or more had almost the same vitamin A storage as the 
two calves that were reared under natural conditions. However, when either 
50,000 I.U. or 25,000 I.U. of vitamin A was fed for periods shorter than 50 days, 
considerably less storage was observed. The depletion time of these calves gen- 
erally was greater than that of the calves that received no supplement. It is not 
surprising, therefore, that the feeding of 5,000 to 10,000 I.U. daily in capsules 
had no particular effect on the health of the calves, since in these experiments it 
required five to ten times that quantity to materially affect the depletion time. 

Considerable variation will be noted, however, (table 1) in the relation of de- 
pletion time to the amount of vitamin A fed. It should be kept in mind that the 
calves used were of widely different weights, as affected by individual and breed 
differences. They also received hay of varying carotene content and consumed 
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it in varying quantities. Previous data (9, 10) have shown that vitamin A and 
carotene requirements are proportional to body weight. Therefore, it seemed 
desirable to express the total vitamin A intake as a ratio with body weight and 
then correlate the ratio with depletion time. In the present case the ratio would 
be the vitamin A intake per lb. of body weight. 


TABLE 1 

Effect of vitamin A intake on depletion time^ 


Animal no. 

Treatment 

Depletion time 

278 

With dam on pasture to 90 days of age 

120 

329 

With dam on pasture to 90 days of age 

113 

708 

50,000 I. IT. to 98 days of age 

117 

513 

50,000 1. IT. to 92 days of age 

104 

2723 

50,000 I. U. to 70 days of age 

116 

2725 

50,000 1. U. to 70 days of age 

149 

527 

50,000 I. XT. to 51 days of age 

94 

525 

50,000 I. IT. to 46 days of age 

59 

517 

50,000 T. XT. to 40 days of ago 

98 

2399 

50,000 I. XT. to 35 days of age 

69 

2713 

50,000 1. XT. to 30 days of age 

82 

712 

50,000 I. XT. to 30 days of age 

32 

713 

50,000 I. U. to 30 days of age 

32 

515 

50,000 I. XT. to 30 days of age 

45 

2707 

50,000 I. XT. to 27 days of age 

53 

2902 

25,000 XT. to 42 days of age 

40 

2715 

25,000 I. X^. to 31 days of age 

83 

2718 

25,000 I. XT. to 31 days of age 

79 

2720 

25,000 I. XT. to 31 days of age 

54 

2391 

25,000 I. XT. to 30 days of age 

74 

509 

25,000 I. XT. to 30 days of age 

66 

523 

25,000 I. XT. to 30 days of age 

67 

716 

25,000 I. XT. to 30 days of age 

30 

521 

No extra vitamin A 

57 

2714 

No extra vitamin A 

56 

2392 

No extra vitamin A 

52 

2597 

No extra vitamin A 

46 

2928 

No extra vitamin A 

43 

715 

No extra vitamin A 

41 

512 

No extra vitamin A 

31 

516 

No extra vitamin A 

30 

364 

No extra vitamin A 

26 

519 

No extra vitamin A 

26 

518 

No extra vitamin A 

25 

2703 

No extra vitamin A 

24 

2594 

No extra vitamin A 

18 

522 

No extra vitamin A 

18 

520 

No extra vitamin A 

17 

2700 

No extra vitamin A 

16 

526 

No extra vitamin A 

15 

711 

No extra vitamin A 

13 


1 Only 41 calves are listed, since 8 died before they were 90 days old, 2 died before they 
were depleted and 1 was slaughtered. 

Obviously it would be advantageous to express the total carotene and the 
vitamin A intake in terms of International units. The carotene intake was con- 
verted to I.U. by using the figure 0.6 y of carotene as 1 I.U. Micrograms of 
vitamin A were converted to I.U. by multiplying by four. The total vitamin A 
intake, including the carotene, is expressed in I.U. per lb. of average body weight 
for the first 90 days. 
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Using such calculations, the total vitamin A intake, including carotene, for 
the first 90 days was determined. From these data the average daily vitamin A 
intake per lb. of body weight and the depletion time were plotted in figure 1. 
Only 30 calves were included since data were not available on the carotene con- 
tent of the milk and the hay received by 11 of the 41 calves that survived the 
experiment. All the various values fall fairly close to the calculated regression 
line, indicating a good correlation between the calculated vitamin A intake per 
lb. of body weight and depletion time. 



rio. 1. The relationship between vitamin A depletion time and the total vitamin A intake 
per lb. average body weight first 90 days. 

If it is assumed that a calf has an average weight of 100 lb. from birth to 
90 days of age and that each day during this period it receives a capsule con- 
taining 5,000 I.U. of vitamin A, it would receive from the capsule 50 I.U. daily 
per lb. of body weight for the period. As indicated by the data in figure 1, 
this intake would afford only a 10-day reserve supply. If the capsules were 
fed for only 30 days the calf theoretically would have stored only a 3i day re- 
serve from the capsules. 

The relationship between carotene intake derived from hay only and deple- 
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tioii time also has been determined for the unsupplemented calves. The average 
daily carotene intake per lb. of body weight has been calculated in a manner 
similar to that for total vitamin A intake. These data are shown in table 2. 
The average daily carotene intake per lb. body weight for the calves receiving 
no supplement was plotted against the depletion time in figure 2. The regres- 
sion coefficient was found and the regression line was drawn. Larger carotene 
intake from the hay was associated with greater storage of vitamin A and 
longer depletion time. 

Previously published data (9, 10) showed that a carotene intake of 30 y for 
Holsteins and 34 y for Jerseys per lb. of body weight were the minimums neces- 
sary to maintain a normal spinal fluid pressure in growing calves 4 to 14 


TABLE 2 

Relation of the carotene intake from hay, per pound of "body weight to the depletion time 
of the noH‘8iipp1emented calves^ 


(*alf no. 

Av. wt. 
6r8t 90 d. 

Ilay consumed 
first 90 d. 

Av. carotene 
content of bay 

Total 
carotene 
intake 
from hay 

Av, daily 
carotene 
iutake/lb. 
body wt. 

Depletion 

time 


(Ih.) 

(lb.) 

(Y/f/O 

(mg.) 

(y) 

(d.) 

2714 

69.0 

5.3.3 

42.6 

1031.3 

166.1 

56 

C21 

93.5 

70.9 

42.6 

1371.6 

163.0 

57 

2597 

147.5 

89.1 

48.,9 

1979.6 

149.1 

46 

715 

104.5 

117.0 

26.7 

1419.5 

95.9 

41 

364 

140.0 

65.2 

33.8 

1000.4 

79.4 

26 

516 

102.5 

73.1 

18.4 

611.4 

66.3 

30 

522 

85,0 

25.0 

44.4 

503.5 

65.8 

18 

519 

9«.0 

63.4 

18.2 

526.1 

59.7 

26 

2703 

97.0 

53.8 

15.9 

387.3 

44.4 

24 

711 

121.0 

45.7 

18.6 

386.3 

35.5 

13 

520 

80.0 

44.2 

13.8 

277.2 

38.5 

17 

2594 

142.5 

69.8 

16.3 

545.7 

38.2 

18 

526 

80.5 

24.0 

22.3 

242.7 

33.5 

15 

518 

68.5 

14,1 

18.1 

121.1 

19.8 

25 

2700 

66.5 

9.3 

22.3 

94.4 

15.8 

16 


i Three of the non -supplemented calves are not shown as the carotene content of the hay 
they consumed was not available. 

months of age. The four calves which received carotene at about the minimum, 
as determined in older calves, and re<‘eived in addition the vitamin A and caro- 
tene in a limited feeding of whole milk, showed only about a 2-week supply 
(table 2) at 90 days of age. Even doubling this intake (calves 364, 516, 522) 
only increased the depletion time approximately 7 days. Probably minimum 
requirements should be increased several-fold for optimum results. This point 
is emphasized further by the fact that the two calves that suckled their dams 
while on pasture had sufficient storage at 90 days of age to carry them for eight 
to nine times longer. 

From figure 2 and table 2, it also is obvious that the quality and quantity of 
the hay fed are very important items in rearing a calf so that its body stores 
of vitamin A will be more nearly normal. The calves that received the hay 
with the higher carotene content stored more vitamin A and, therefore, had a 



424 


W. 0. JAOOBBON ET AIj. 


greater depletion time. It also should be pointed out that the hay fed to the 
calves in this experiment had a higher carotene content than average hay. 
Moreover, the calf feeder was diligent in picking out the best bales of hay from 
the best lots of purchased hay. 

Under farm conditions, most hay would average about 15 y or less of caro- 
tene per g. of hay. Only one calf in this experiment received hay with an aver- 



10 20 30 40 50 60 70 

DEPLETION DAYS 

Fig. 2. The relationship between vitamin A depletion time and the carotene intake per lb. 
average body weight the first 90 days. 

age carotene content below this figure, as shown in table 2. One might wonder 
how much vitamin A the calves would have stored if they had received hay that 
averages only 10 y per g., which still would be a good quality of hay. However, 
in this experiment even the calves that got the very best hay did not have nearly 
so great a store of vitamin A as those reared under natural conditions with the 
dams. 

Table 3 shows the average level of vitamin A in the blood plasma of the 
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various groups of calves at various ages. The plasma values for the non-supple- 
mented group are about half those of some of the other groups up to 80 days of 
age. The increase in these calves and in those which received 25,000 I.U. of 
vitamin A as a supplement, which is evident at about 80 days of age, is probably 
a reflection of increased hay intake at this time. The group that received sup- 
plemental vitamin A at the rate of 50,000 I.IT. per day for the first 50 to 98 
days had vitamin A blood levels that corresponded to blood levels encountered 
in calves reared under natural conditions. The groups of calves which were 
supplemented for only 30 days had low blood vitamin A values up to 60 or 70 
days of age, even when they had been supplemented at the rate of 50,000 I.U. 
per day. Apparently to maintain a level of vitamin A in the blood plasma of 
dairy calves reared under present day feeding practices equal to those reared 
under natural conditions, about 50,000 I.U. of vitamin A must be fed each day 
until the calf reaches the age of 50 or 70 days. 

The average weight gain is summarized in table 4. In the Holstein group, 
there is little difference in weight gain between the non-supplemented calves 


TABLE 3 

Effect of Hupplemenial vitamin A on average vitamin A level in the blood plasma 


Age 

No extra 
vitamin A 

25,000 1, TJ. 
'27 & 30 days 

50,000 I. IT. 
27, 30, 40 
& 46 days 

50,000 1. U. 
51, 70, 92 

A 98 days 

Pasture 
with dam 

(d.) 

IS calves 

8 calves 

8 calves 
{y/100 ml) 

J calves 

S calves 

8~21 

7.5 ± .4 

9.4 ± .5 

10.0 ± .5 

12.4 + .7 

12.9 

22-.3r) 

5.8 ± .3 

8.3-4. .3 

9.6 ± .7 

12.4 ± .9 

11.5 

3C-49 

5.7 ± .3 

8.2+ .5 

9.8+ .9 

3. 3.9 + .8 

10.4 

50-63 

.5.8 + .4 

7.2 ± .7 

9.3+ .6 

13.1 + .8 

11.8 

64-77 

7.6 ± .5 

9.3 + .5 

10.0 + 1.0 

12.7 + .7 

11.2 

78-91 

10.1 ±.7 

12.0 ± .5 

9.8 ± 1.0 

13.3 + .8 

12.5 

92-105 

9.5 + .7 

15.2 ±1.1 

11.3 ± .6 

14.4 + .7 

12.1 


and the supplemented calves, but the number of Holstein calves is too small for 
a good comparison. The Jerseys, on the other hand, show some differences in 
weight gain. The Jerseys which received the supplemental vitamin A gained on 
the average 9 lb. more than the non-supplemented group. Statistical treatment 
of this difference showed no significant difference. 

The Jersey calves that received no supplemental vitamin A during the first 
90 days scoured on an average of 12 days per calf, while the supplemented Jer- 
sey calves scoured on an average of 9 days per calf. The Holstein calves that 
received no supplement scoured on an average of 7 days per calf, while the sup- 
plemented Holstein cjalves scoured on an average of 2.5 days per calf. 

Mortality may be a better measure of the value of supplemental vitamin A 
than data on the frequency of scours, since it is rather difficult to measure the 
severity of the scours. In this experiment, 2 calves out of 23 in the group that 
received supplemental vitamin A died of pneumonia and scours before they 
reached 90 dayn of age, while 6 out of 24 calves in the non-supplemented group 
died before they reached 90 days of age. 
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In general the data presented in this paper indicate that the feeding of 
fairly large dosages of vitamin A may be of some value. However, the results 
should be checked further before a general overall recommendation is made to 
dairymen to feed large dosages of vitamin A. As a matter of fact, the use of 
sulfa drugs to control diarrhea and pneumonia may be a more practical solution 
of the problem. Sanitation is also a most important factor in the control of 
scours and pneumonia in calves. It has been amply demonstrated that mor- 
tality can be reduced materially by proper sanitation and management. It 
seems possible that where sulfa drugs and proper sanitation and management 
practices are used the amounts of vitamin A needed to rear calves successfully 
may be less than when sulfa drugs are not used or where poor sanitation is 
prevalent. 

It may be argued that a large number of calves is reared each year on a 
limited whole milk-feeding program without any supplemental vitamin A. Yet 
it is known that in many large herds mortality can run high and it may be that 
the bacteria causing scours or pneumonia have an opportunity to build up 
virulence by passing from calf to calf. One might ask if the vitamin A intake 


TABLE 4 

Comparison of total gain to 1, £ and 3 months of age of the supplemented and 
non-supplemented calves 


Breed 

Treatment 

No. of 
calves 

Av. 

body 

wt. 

Av. total 
gain Ist 
mo. 

Av. total 
gain to 

2 mo. 

Av. total 
gain to 

3 mo. 





(16.) 

(16.) 

(lb,) 

Jersey 

No supplemental vit. A 

14 

57 

15 ± 1.5 

31 + 2.9 

50+ 4.4 

Jersey 

Supplemental vit. A 

16 

58 

15+1.7 

.38 + 2.5 

59+ 5.1 

Holstein 

No supplemental vit. A 

6 

93 

20 + 2.4 

55 ± 5.8 

95 ± 8.6 

Holstein 

Supplemental vit. A 

5 

96 • 

16 ±1.7 

57 + 4.1 

95 + 24.2 


had been high in the first place, would the bacteria have had the chance to build 
up virulence? While the literature on the relationship of. vitamins to resistance 
to disease is not very encouraging, a few questions in this direction need to be 
answered with calves. However, information is needed on the bacteria or 
viruses that may cause scours and pneumonia in calves, in order to be able to 
conduct properly-controlled experiments and evaluate correctly the value of 
supplementation. 

Whether or not the amounts of vitamin A, which have been shown in the 
present paper to be necessary to maintain what may be considered to be maxi- 
mum stores and blood levels of vitamin A, are necessary to raise calves success- 
fully under present-day conditions of feeding cannot be determined with the 
data available. The data do suggest that feeding 5,000 to 10,000 I.U. of vita- 
min A for relatively short periods of time can have little effect on the amounts 
of vitamin A stores even though these amounts would prevent the appearance of 
gnws deficiency symptoms. Therefore, it is not surprising that several groups 
of investigators (4, 11) have been unable to demonstrate any beneficial effects 
on the incidence of scours by feeding capsules containing 5,000 or 10,000 I.U. 
of vitamin A. > . . 
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The proper technic to use in determining the relative quantity of storage 
of vitamin A in the calf is open to question. It has been observed in using 
other technics, as well as in the present technic, that the level of blood plasma 
vitamin A in itself is not a good indication of storage where greater-than-mini- 
mum requirements of vitamin A or carotene are fed. In most previous experi- 
ments the calves have been slaughtered and the livers analyzed for vitamin A. 
The disadvantage of this technic is that the calf is not available for further use. 
Also it might be questioned whether calves with the same or widely different 
body stores of Vitamin A would utilize the reserves with the same efficiency. 

Previously, Moore and Berry (8) had suggested the technic used in this 
study. In the present study, as the vitamin A of the plasma approached the 
level of 4.0 y per 100 ml., the calves usually showed a decreased rate of gain. 
This decrease in rate of gain is additional evidence that the vitamin A stores 
are about depleted. The technic appears valid since there is a good correlation 
between intake and depletion time. The correlation was especially good in the 
non -supplemented group as shown by the grouping of the data in figure 2. 

In presenting the data in figures 1 and 2, in which the calculated intake of 
vitamin A and carotene have been plotted against depletion time as a straight 
line, it is realized that exceptionally large dosages would not be utilized as effi- 
ciently as smaller ones and under certain conditions of supplementation this 
straight line relationship would not hold. Apparently the dosages used in 
these experiments were utilized with about equal efficiency. 

SUMMARY 

1. Calves that received varying quantities of vitamin A for the first 90 days 
of age then were given a vitamin A-deficieiit ration to determine the time re- 
quired to deplete tlieir stores. The stores were considered depleted when the 
blood plasma vitamin A values reached 4.0 y per 100 ml. 

2. Tw’o calves that were permitted to run with their dams on pasture re- 
quired 4 months on the ration deficient in vitamin A to deplete their stores. 

3. Calves reared according to present methods of limited whole-milk feeding 
with hay of above average quality required a depletion time of 2 to 4 weeks, 

4. The feeding of hay of exceptionally good quality (high in carotene con- 
tent) increased the depletion time up to 6 to 8 weeks. 

5. Fifty thousand I.IJ. of vitamin A for 50 or more days, in addition to the 
vitamin A received in the feed, was necessary in order to maintain stores and 
blood levels equal to those of calves reared wdth the dams on pasture. The 
depletion time of these calves w^as from 3.5 to 4 months. Feeding 25,000 or 
50,000 I.U. of vitamin A under similar conditions for periods of 30 to 45 days 
reduced the depletion time to intervals ranging from 30 to 98 days. 

6. The groups that received supplemental vitamin A show’ed somewhat better 
gains, fewer cases of scours, and less mortality than the non-supplemented 
groups. 

7. The technic of determining the number of days after 90 days of age that 
were required for the blood plasma values to decrease to 4.0 y per 100 ml. ap- 
pears to give a good estimation of the vitamin A stores. 
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FILLED MILKS FOR DAIRY CALVES. I. SOYBEAN OIL 
VERSUS MILK FAT 


N. L. JACOBSON, C. Y. CANNON and B. H. THOMAS 
Iowa State College 

One of the major expenses in raising dairy calves is the whole milk fed. 
Fairly good growth can be obtained when calves are fed skim milk supplemented 
with hay and grain (1, 4), although young calves fed in this manner do not gain 
weight so rapidly as those fed whole milk and do not exhibit so thrifty an 
appearance (4). During the first month after birth, when the calf eats very 
little hay and grain, milk fat is important, especially as a source of energy, since 
it has about one-half the total digestible nutrient value of whole milk. Thus 
the presence of fat in the diet of the young calf is desirable for optimum 
development. 

The question then arises as to whether a milk in which a less expensive fat or 
oil has been substituted for the butterfat might be equally as satisfactory as 
whole milk as a feed for young calves. Skim milk into which tallow or lard has 
been homogenized has proved satisfactory as a feed for young calves (3, 4). The 
growth and general appearance of animals fed such a milk, however, have been 
inferior to those of calves f^d whole milk. Vegetable fats, which generally are 
less expensive than animal fats, have proved unsatisfactory in calf feeding (1, 3, 
4). One of the oils that has been least satisfactory and which recently has 
become an important agricultural by-product in the Midwest is soybean oil. 
Previous experimental work has shown that feeding filled milk containing 3 per 
cent or more soybean oil to young dairy calves produces poor growth and excessive 
scouring (1, 3, 4, 5). The diarrhea commonly was in evidence within a few days 
after the introduction of soybean oil into the ration. Weakness, emaciation and 
high mortality result when calves are fed su(‘h a soybean oil-filled milk for an 
extended period of time. 

In preliminary work at this station (5), an attempt was made to improve the 
nutritional value of soybean oil-filled milk by various modifications of the product 
prior to feeding. These modifications were (a) partial hydrolysis of the soybean 
oil immediately prior to feeding by the addition of lipase, (b) addition of a 
buffer solution, (c) inclusion of additional carbohydrate in the form of dex- 
trinized starch, (d) addition of finely-ground alfalfa leaf meal, (e) addition of 
emulsifying agents and (f) addition of rumen fluid from a cow that was fed a 
ration composed of alfalfa hay and a concentrate mixture. These modified soy- 
bean oil-filled milks enhanced neither growth nor general appearance of young 
dairy calves to which they were fed. 

GulUckson (2) and Qullicksoii and Fitch (3) suggested that a possible ex- 
planation for the poor growth of calves fed filled milks containing crude 

deceived for publication December 21, 1948. 

1 Journal Paper No. J1618 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 814. 
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vegetable oils may be that these oils interfere either with utilization of B>complex 
vitamins by the calf or with the bacterial synthesis of these nutrients in the 
digestive tract. These authors also indicate that calves fed a filled milk con- 
taining “Crisco*’, a hydrogenated cottonseed oil, gained weight more rapidly 
than calves that received a filled milk containing the unhydrogenated product. 

In view of the results of Gullickson and Fitch (3) and the preliminary work 
at this station (5), the experiment reported herein was designed to investigate 
this problem further. 

EXPERIMENTAL 

Thirty-five calves from the Iowa State College dairy herd were allotted to 
seven groups. Four of the calves in each group were Holsteins or Holsteins and 
Brown Swiss, and the fifth was an Ayrshire, Guernsey, Jersey or Milking Short- 

TABLE 1 

Ingredients of rations fed experimental calves 


Rations* 


Group 

Whole 

tnillcb 

Dried 
skim milk 

Butter 

oil 

Crude 

expcller 

soybean 

oil* 

Hydro- 

genated 

sovbean 

oild 

Water 


(%) 

(%) 

(%r 

(%) 

(%) 


I 

100 






II 


10 

3 



87 

III 


10 




90 

IV 


10 


2 


88 

Y 


10 


3 


87 

VIc 


10 


3 


87 

VII 


10 



3 

87 


*A11 groups received daily supplements of vitan/lns A and D and a mineral mixture. 

*» Approximately 3 per cent fat. 

c Produced by Swift and Company Soybean Mill, Des Moines, Iowa. Melting point ap- 
proximately 40® F.; iodine number, 130 (7). 

d Produced by Swift and Company, Chicago, Illinois. Melting point 100-103® F. ; iodine 
number, 75 (7). 

« Supplemented with 10 mg. thiamine, 10 mg. riboflavin, 10 mg. pyridoxinc, 50 mg. calcium 
pantothenate, 100 mg. nicotinic acid amide, 250 mg. ascorbic acid and 50 mg. mixed tocopherols 
per calf daily. 

horn. Within these two breed groupings, the assignment of calves to exper- 
imental groups was at random. 

Each calf was allowed to remain with its dam for 3 days immediately 
following birth. On the fourth day, the calf was transferred to the exper- 
imental milk, which was given at the rate of 10 lb. per 100 lb. body weight per 
day. The experimental milks were fed twice daily from nipple-type pails. 
When calves began to scour, there was no reduction or modification of the ration. 
The amount of milk fed to each calf was adjusted each time the calf was 
weighed. The weight and the height at withers of each calf were determined at 
the age of 4 days and weekly thereafter. The calves, placed in individual pens, 
were muzzled at all times except when being fed. The calves were given no feeds 
other than experimental milks and vitamin and mineral supplements for the dura- 
tion of the experiment. 
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Spielman et al (9) successfully controlled infectious scours in young calves 
by the daily oral administration of 4 to 8 g. of “sulfathalidine” per calf during 
the first 7 days after birth. In this experiment each calf received 6 g. of 
^‘sulfathalidine'’ per 100 Ib. body weight daily, administered in two equal doses 
prior to each feeding for the first 10 days following birth. 

All milks (table 1) except whole milk were homogenized at approximately 
3,000 lb. pressure. The whole milk was obtained twice daily from Holstein cows 
producing milk averaging 3 per cent fat. All milks were fed at a temperature 
of approximately 37® C. 

Each calf received daily a gelatin capsule containing approximately 5.000 
U. S. P. units of vitamin A and 1 ,000 U. S. P. units of vitamin D. In addition, 
approximately 25,000 U. S. P. units of vitamin A per 100 lb. body weight were fed 
to all calves daily during the first 10 days of the experimental period. In the 
latter ease, the fish liver-oil concentrate containing the vitamin A was added to 
the milk prior to homogenization. In the case of the whole milk, which was 
unhomogenized, the vitamin A supplement was mixed with the milk by vigorous 
hand-stirring. All calves re<‘eived a mineral mixture’^ in capsules at the rate of 
7 g. daily per 100 lb. body weight. 

Observations for evidence of scouring w’cre made each time the calves were fed. 

An analysis of variance and the t-test (8) were employed in the statistical 
evaluation of the data. 

RESULTS AND DISCUSSION 

The data regarding the growtli and general health of calves fed the various 
rations are presented in table 2. Quins in weight and increases in height at 
withers are expressed as per cent of initial values. 

The recommended daily allowance of total digestible nutrients for a 100-Ib. 
calf is 2 lb. (6). It generally is recommended that calves be fed no more than 10 
lb. of milk daily per 100 lb. body weight, since higher levels sometimes cause 
indigestion and scouring. Therefore, all calves in this experiment were fed at 
the latter level, even though the total digestible nutrients supplied were less than 
the recommended intake. Normally, at 2 to 4 weeks of age, calves l)egin eating 
hay and grain. In the experiment reported herein, hay and grain were 
excluded from the rations because of the variability among individual animals in 
the rate of consumption of these feeds. All calves, except a few individuals that 
developed severe indigestion and scouring, drank the prescribed quantity of 
milk. The filled milk containing 3 per cent fat provided, according to calcula- 
tions, 1.5 lb. of total digestible nutrients daily per 100 lb. body weight. The milk 
containing 2 per cent oil and the reconstituted skim milk supplied 1.3 and 0.8 lb., 
respectively, of total digestible nutrients. 

There were no statistically significant differences in mean gain in weight, in 
mean increase in height at withers or in incidence of scouring among the groups 

3 The mineral mixture was composed of the following: Tricalcium phosphate, 400 parts; 
sodium chloride, 200 parts; magnesium oxide, 15 parts; calcium carbonate, 11 parts; potassium 
chloride, 11 parts; ferrous sulfate, 2 parts; manganous sulfate, 0.5 part; zinc oxide, 0.5 part; 
potassium iodide, 0.5 part; cobaltous acetate, 0.5 part; copper sulfate, 0.2 part. 



TABIiE 2 

Growth and incidence of scouring of calves fed whole or various reconstituted •milhs during 
an eight-week experimental period 


IHetary 

Groups 

Breed* 

Initial 
wt. (4 d.) 

% gain 
in wt. 

Initial 

height 

(4d.) 

% gain 
in 

height 

Inci- 
dence of 
8couringi> 

Condition* 

I 


(Ih.) 


(cm.) 


(%) 


Butterfat, (whole 

H 

105 

41 

75.0 

12.7 

0.0 

Excellent 

milk) 

H 

100 

35 

77.0 

9.7 

3.5 

Excellent 


H 

88 

.32 

72.5 

7.6 

3.5 

Excellent 


G 

96 

17 

75.0 

9.3 

8.0 

Very good 


H 

63 

32 

68.0 

11.8 

0.0 

Very good 


Av. 

90.4 

31.4 

73.5 

10.2 

3.0 


II 








Butter oil, 3% 

H 

81 

38 

73.5 

8.8 

0.0 

Excellent 


H 

92 

48 

75.5 

7.9 

3.5 

Excellent 


A 

103 

32 

76.5 

10.5 

0.0 

Excellent 


H 

92 

38 

75.0 

7.3 

9.7 

Excellent 


H 

92 

45 

77.0 

9.1 

0.9 

Excellent 


Av. 

92.0 

40.2 

75.5 

8.7 

2.8 


III 








Low fat (reconsti- 

H 

90 

18 

75.5 

9.3 

0.0 

Very good 

tuted skim milk) 

G 

87 

-16 

7i>.6 

0.7 

4.4 

Pair 


H * 

106 

12 

77.0 

5.2 

1.8 

Very good 


H 

88 

- 5 

75.0 

4.0 

8.0 

Pair 


H 

95 

7 

77.0 

3.9 

3.5 

Good 


Av. 

93.2 

3.2 

76.0 

4.6 

3.5 


IV 








Crude expeller soy- 

H 

81 

20 

71.5 

9.1 

6.2 

Good 

bean oil, 2% 

BS 

85 

8 

74.5 

4.0 

15.0 

Pair 


J 

47 

- 8 

64.5 

5.4 

38.1 

Poor 


H 

100 

23 

76.0 

6.7 

10.6 

Very good 


H 

93 

19 

76.5 

4.6 

25.7 

Very good 


Av. 

81.2 

12.4 

72.4 

6.0 

19.1 


V 

Crude expeller soy- 

H 

100 

-19 

75.0 

0.0 

46.7 

Died (13 d.) 

bean oil, 3% 

BS 

92 

22 

74.0 

8.8 

23.9 

Pair 


MS 

87 

-10 

74.0 

2.0 

58.8 

Died (11 d.) 


H 

76 

-11 

73.0 

-1.4 

65.3 

Died (40 d.) 


H 

83 

29 

71.5 

8.4 

24.8 

Pair 


Av. 

. 87.6 

2.2 

73.5 

3.6 

43.9 


VI 








Crude expeller soy- 

H 

104 

35 

77.5 

7.7 

21.2 

Good 

bean oil, 3% + 

J 

47 

-13 

63.0 

-1.6 

45.5 

Poor<* 

vitamin supplement 

H 

96 

21 

77.0 

8.4 

25.7 

Pair 


H 

54 

-22 

67.0 

0.0 

50.0 

Died (12 d.) 


BS 

92 

- 9 

74.5 

3.4 

48.4 

Died (52 d.) 


Av. 

78.6 

2.4 

71.8 

3.6 

38.2 


vn 








Hydrogenated soy- 

BS 

111 

35 

78.0 

10.3 

2.7 

Excellent 

bean oil, 3% 

A 

71 

35 

70.0 

10.0 

11.6 

Excellent 


H 

80 

51 

73.5 

11.6 

0.9 

Excellent 


H 

78 

47 

72.0 

10.4 * 

4.4 

Excellent 


H 

80 

41 

71.0 

8.5 

0.9 

Excellent 


Av. 

84.0 

41.8 

72.9 

10.2 

4.1 


»A, Ayrshire; BS, 
Shorthorn. 

Brown 

Swiss; G, 

Guernsey; 

H, Holstein; J, 

, Jersey; 

MS, Milking 


b Obserrations made for scouring at each feeding. 
Ineiaaxe ot Mouring = Ny W of ttoea ^uring obi»rved 
Total number of examinations 
« Estimate of physical condition at end of expt 
^Bemoved from expt. at 9d. to save life. 
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fed whole milk (group I), reconstituted milk containing butter oil (group II) 
and a filled milk containing hydrogenated soybean oil (group VII). All calves 
receiving the foregoing rations were in good physical condition at the end of the 
experimental period. 

A comparison of the mean weight gains of calves receiving whole milk with 
the mean weight gains of those fed reconstituted skim milk and of those fed the 
various rations containing crude expeller soybean oil showed the differences to be 
significant statistically at the 1 per (^ent and the 5 per cent levels of probability, 
respectively. When the mean weight gains of the calves fed reconstituted milk 
containing butter oil (group II) and those fed a filled milk containing 
hydrogenated soybean oil (group VII) were compared to those of calves fed the 
other rations (excluding whole milk), the differences in all cases were significant 
at the 1 per cent level of probability. 

The mean per cent increase in height at withers among the groups receiving 
whole milk (group I), reconstituted milk containing butter oil (group II) and 
filled milk containing hydrogenated soybean oil (group VII) differed significantly 
from those of groups receiving reconstituted skim milk (group III) and filled 
milk containing 2 per cent expeller soybean oil (group IV). 

The reconstituted skim milk ration (group III) was included in the experi- 
ment to determine whether the fats incorporated in the various rations improved 
the growth of the calves. In general, the calves fed skim milk maintained weight 
and exhibited relatively little skeletal development as measured by height at 
with<*rs. This retarded growth probably vras due to the smaller total digestible 
nutrient intake of these calves. 

Calves that were fed a filled milk containing 3 per cent crude expeller soybean 
oil (group V) exhibited poor growth and excessive scouring. Three of the calves 
in this group died before the end of the S-week experimental period. Gullickson 
and Pitch (3) stated that calves fed vegetable oils “showed a marked benefit'' 
from the supplementation of the ration with various members of the vitamin 
B-complex, but these authors did not specify the vitamins fed. One group of 
calves (group VI) in the present investigation received a vitamin supplement 
containing thiamine, riboflavin, nicotinic acid, calcium pantothenate, pyridoxine, 
ascorbic acid and mixed tocopherols. No improvement in growth or physical 
condition of the calves resulted from the supplementation of filled milk containing 
3 per cent crude expeller soybean oil with liberal amounts of these vitamins. 
Two of the calves in this group died during the experiment and a third probably 
would have died had it not been removed from the experiment. 

Post-mortem examinations were made of the five calves which died during 
the experiment.* Pneumonia was observed in two calves (those which died at 
40 days and at 52 days of age, respectively), but in the other three, pathogenic 
organisms apparently were absent. The symptoms most frequently exhibited 
prior to death were severe scoitring, emaciation, anorexia, weakness, abdominal 
pain, stiffness of the rear quarters and severe dehydration. 

3 Post-mortem examinations conducted by Iowa Veterinary Diagnostic Laboratory, Iowa 
State College, Ames, Iowa. 
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In general, calves fed a Sited milk containing crude expeller soybean oil at a 
level of 2 per cent (group IV) grew better, as judged by increases in body 
weight and in height at withers, and scoured less frequently than those fed the 
rations containing 3 per cent crude expeller oil. This suggests a possible 
tolerance level for the oil. However, the marked within-group variations 
indicate that some calves were more susceptible than others to the adverse effects 
resulting from the ingestion of crude expeller soybean oil. 

The results of this investigation do not explain why unsatisfactory growth 
occurs when young calves are fed filled milks. However, the fact that hydro- 
genated soybean oil can be fed successfully, suggests that the first step in the 
solution of this problem should be the clarification of the cause for the differences 
in growth response of young calves fed hydrogenated soybean oil-filled milk as 
compared with those fed crude expeller soybean oil-filled milk. The results of 
experiments designed to clarify this problem further will be reported later. 

SUMMAIIV 

Under the conditions of this experiment, a filled milk containing hydrogenated 
soybean oil produced growth in young dairy calves equal to the growth of calves 
fed whole milk. There was no significant difference in gain in weight, in increase 
in height at withers, in incidence of scouring or in physical appearance between 
the two groups. The growth and general appearance of the group of calves fed 
hydrogenated soybean oil were in sharp contrast to those of the group fed crude 
expeller soybean oil, the latter being characterized by poor growth, severe 
scouring and high mortality. Supplementation of the rations of young dairy 
calves fed a filled milk containing 3 per cent crude expeller soybean oil with 
various members of the vitamin B complex, ascorbic acid and mixed tocopherols 
failed to improve growth or reduce the incidence of scouring. 
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MILK LIPASE SYSTEM. IL COMPARISON OF SOLVENT 
EXTRACTION AND CHURNING METHODS FOR 
OBTAININO FAT FROM MILK FOR FREE 
FATTY ACID MEASUREMENT.^ 

B. C. JOHNSON AND I. A. GOULD* 

Maryland AgrUndtural Experiment Station, College Park 

The direct titration of milk fat to measure the free fatty acid content is a 
widely-used procedure for determining the extent of lipolysis in milk and its 
products. It was established by Qould and Trout (4) that this procedure is a 
far more sensitive means of detecting lipolysis than by titration of the milk or by 
pH measurements. Later, Herrington and Krukovsky (5) reported that when 
titration was conducted on the fat itself rather than upon the milk, it was not 
necessary to correct for non-fatty acidity due to proteins, salts and moderate 
amounts of lactic acid. 

Although many workers have utilized fat titers (acid degrees) as a basis for 
measuring lipase activity, little consideration has been given to methods of re- 
moving the fat from milk for analysis. The general practice has been to churn 
the milk or cream, then purify the fat by melting, centrifuging and filtering. 
The weakness of this method of obtaining the fat lies in the loss of the water- 
soluble and flavor-producing free fatty acids in the buttermilk. This loss was 
indicated by Gould (2), who found that fat obtained by churning rancid milk did 
not possess a rancid flavor even though the free fatty acid content was extremely 
high. 

Efforts to associate changes in fat characteristics with lipolysis have been, in 
general, unsuccessful (4, 7). However, in such studies the fat for analysis was 
obtained by churning. Even a six- to nine-fold concentration of the free fatty 
acids by alcohol extraction of the fat did not permit the differentiation between 
rancid and non-rancid fat on the basis of Reichert-Meissl, Polenske, saponification 
and iodine values (4). Possibly such measurements may be revealing if the fat 
is obtained from the milk in a manner to retain the lower fatty acids which have 
been freed by lipase action. 

In earlier unpublished studies the observation was made that extraction of 
milk or cream with solvents may yield more complete recovery of the fatty acids 
than is obtained by churning. The development and application of such a 
method constitutes the basis for this paper. An earlier abstract dealt with a 
portion of these findings (8). 

PROCEDURE 

Fresh, raw. milk from the University herd was used in all studies. Lipoljrsis 
was accelerated by homogenizing with a rotary homogenizer and storing for 

Received for publication January 10, 1949. 

1 Scientific paper no. A224. Contribution no. 2149 of the Maryland Agriculturhl Experi- 
ment Station (Dairy Department). 

2 Present address: Dairy Technology Dept., Ohio State University, Columbus. 
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several hours at 35 to 40'' F. (3). The rancid milk was separated to give about 
30 per cent cream and the cream heated to 65° F. for 10 minutes to stop further 
lipase action. Control or non-rancid cream was produced in the same manner, 
but with homogenization omitted. 

Methods of obtaining fat. Purified milk fat for chemical analysis was ob- 
tained from the cream either by the churning method or by solvent extraction. 
In the former method, the cream was churned, the butter granules washed free of 
buttermilk with a minimum of cold water, the butter melted and centrifuged and 
the clear fat layer removed* by siphonation and purified by filtration through 
paper. 

The solvent extraction procedure was as follows : To 125 g. of cream in a 1-1. 
Erlenmeyer flask were added 100 ml. of ethanol. The flask was stoppered and 
shaken vigorously for 15 seconds and allowed to stand for 5 minutes to aid in 
extraction. A total of 200 ml. of the extractants then was added and the mixture 
shaken vigorously for 30 seconds. The extractants were ethyl ether and 
Skellysolve F.® Trials were conducted to determine the proper proportion of the 
two extractants and whether they should be added together or separately. 
Following the addition of the solvents, centrifugation was used to break the emul- 
sion and the ethereal layer was removed by siphonation. In the earlier portion 
of the study, the solvents were vaporized on a hot plate at 135° C. until bubbles 
ceased to rise and the last traces were removed by heating the fat at 100°‘ C. 
under reduced pressure of about 100 mm. mercury for 10 minutes. It later was 
demonstrated that lower temperature and higher vacuum permitted more efficient 
recovery of the lower fatty acids. 

Analysis of fat. Chemical analyses were conducted on the fat obtained by 
churning and by extraction. The methods used were those of the A.O.A.C. (1), 
except for such changes as noted. Reichert-Meissl, Polenske, iodine (Hanus) and 
saponification values and acid degree were, determined. 

The apparatus used for the Reichert-Meissl and Polenske determinations was 
constructed with ground glass connections, and six analyses (four fat samples and 
two blanks) were conducted simultaneously. Small pieces of porous plate, about 
2 mm. in diameter, and one or two small glass beads added before saponification 
were found to be more effective than pumice as boiling stones. 

Additional chemical determinations were made upon the various fractions 
resulting from extraction of the fat with boiling ethanol. The method used for 
ethanol extraction of milk fat is as described by Gould (3) with the exception that 
the fat was obtained by solvent extraction rather than by churning. 

EXPERIMENTAL RESULTS 

Development of the solvent extraction procedure. To find the ratio of sol- 
vents which would yield the most efficient extraction of the fat, the proportions of 
ethyl ether to Skellysolve were varied in the ratios of 4 : 0, 3:1, 1:1, 1:3 and 
0 : 4. The method of addition and mixing the solvents with the cream-alcohol 
mixture was varied, the solvents being added either separately with 15-second 

s A petroleum solvent, boiling range 30-60® C. 
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shaking after each addition or together followed by SO-second shaking. The 
results obtained in this portion of the study are shown in figure 1. 

In general, the acid degree of the fat increased and the recovery of the fat 
decreased as the amount of Skellysolve increased. The most uniform results 
occurred when the ratio of solvents was in the range of 3 : 1 to 1 : 3 ethyl ether to 
Skellysolve. In general, when the ratio of ether to Skellysolve was above 1 : 1 and 
often at 1 : 1, there was retention of water and solids-not-fat in the ethereal extract. 
This condition was observed consistently w^hen the proportion of 3: 1 (ether to 
Skellysolve) was used and was pronounced ivhen etlier was used alone. On the 



4:0 3:/ f:f i:3 0:4 

RATIO: ETHTL ETHER TO SKELiySOLVE 


Fra. 1. Effect of yarying the method of mixing and the ratio of solvents upon the acid 
degree and percentage recovery of milk fat by the solvent extraction method. 

other hand, ivhen Skellysolve alone was used as the extractant, low recovery of fat 
nearly always was encountered, accompanied by high and inconsistent acid values 
of the fat. 

The data also indicate that slightly higher and more uniform acid degree 
values may be obtained when the solvents are added to the sample at the same 
time than when added separately. That is, when the solvents were in the ratio of 
1 : 1 and added together to the sample, the average acid degree of the fat was 9.82, 
as compared to 9.65 when the solvents were added separately. The average 
acid degree of the fat obtained by churning the same cream was 7.45, a value 32 
per cent lower than that of the fat extracted using the 1 : 1 ratio of extractants. 
In addition, the fat recovery was much less by the churning method, averaging 
about 70 per cent. On the basis of these observations, the procedure for fur- 
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ther trials consisted of adding the solvents at the same time and in the ratio of 
2:3 (80 ml. of ethyl ether to 120 ml. of Skellysolve). 

Observations of available data reveal that from the uniformity standpoint, 
variations in acid degrees between fat samples obtained by duplicate extractions 
or churnings were similar. For example, average acid degree differences between 
duplicates for rancid fat were 0.114 when the fat was obtained by extraction and 
0.171 when it was obtained by churning. 

Effect of lactic acid and/ or formalin. Since in certain cases formalin may be 

ACIODESt^E ACtOOBSt^ 

14 ,14 

m SOUGHT FAT 

□ CHUtiNED FAT 

H // 



CONTROL CONTROL* CONTROL* CONTROL* 
LACTKACtO FORNAUN LACTKACtO* 
FORNAUN 


Fig. 2. Effect of lactic acid and/or formalin in tbe cream npon the acid degree of 
fat obtained by aolrent extraction and churning methods. 

added to the milk as a preservative, or in other cases lactic acid may be present 
due to bacterial action, the effect of these two substances upon the extraction and 
churning procedures and upon the free acid content of the fats was studied. In 
this study, rancid cream containing 50 per cent butterfat was divided into four 
lots and treated as follows ; lot 1, control ; lot 2, control + lactic acid (to give a con- 
centration of 0.2 to 0.3 per cent) ; lot 3, control + formalin (1 ml./lb. of cream) ; 
lot 4, control + lactic acid + formalin (each added as above). Following this 
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treatment, fat samples were obtained from the various lots of cream by extraction 
and by churning and fat titrations were conducted. Results are illustrated in 
figure 2. 

The figure shows that the addition of lactic acid and formalin had a marked 
effect upon the acid degree of fat obtained by churning but only a slight effect 
upon the acid degree of fat obtained by solvent extraction. The lactic acid 
addition produced an increase of 31.4 per cent in the acidity of churned fat, as 
compared to an increase of 3.1 per cent in the acidity of solvent fat. The 
same general trend, but to a lesser degree, resulted when formalin was present in 
the cream extracted or churned. In this instance, the acid degree of the resulting 
churned fat increased 8.2 per cent, whereas that of the solvent fat showed no 
appreciable change. When both lactic acid and formalin were added to cream 
prior to extraction or churning, the results were similar to those obtained when 
lactic acid alone was added, there being an increase of 31.7 per cent in acid degree 
in the churned fat, whereas that in the solvent fat was only 4.1 per cent. 


TABT.E 1 

Recovery of butyric, caproic, capric and oleic acids from cream by solvent 
and churning methods 



Butyric 

Caproic 

Capric 

Oleic 


Solv.* 

Ch.b 

Solv. 

Ch. 

Solv. 

Ch. 

Solv. 

Ch. 


(%) 

(%) 

'(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

J 



36.13 

23.75 





2 

4.03 

1.44 

14.42 

13.11 



92.36 

88.28 

3 



42.05 

6.27 



104.20 

83.77 

4 

9.33 

0.62 

24.20 

10.70 



71.40 

77.10 

5 

6.59 

1.69 

25.40 

7.99 

76.1 

84.8 

90.25 

80.40 

Av. 

6.65 

1.25 

28.44 

12.36 

76.1 

84.8 

87.05 

82.36 


« Bulvent method, 
b Churned method. 


Churning was very difScult in the homogenized and rancid product and was 
made more so by the presence of formalin. Less than 50 per cent of the fat was 
recovered in such cases, whereas recovery by the solvent process was affected only 
slightly by such treatment of the cream. 

Recovery of fatty acids from cream. The efficiency with which pure fatty 
acids are recovered from cream by solvent extraction and churning was studied. 
Butyric, caproic, capric and oleic acids were used. Approximately 0.25 N solu- 
tions of these acids were standarized accurately and added to good quality 30 per 
cent cream at the rate of 5 ml. of acid per 100 g. of cream. Fat was obtained 
from cream with and without added fatty acid by solvent extraction and by 
churning. Acid degree determinations were made and percentage recovery of 
the acids calculated. These data are presented in table 1. 

Results reveal that the degree of recovery of the acids increased with increas- 
ing molecular weight of the acid. The solvent method gave somewhat better re- 
sults with butyric and caproic acids and both methods were approximately 
equally efficient when capric and oleic acids were recovered. 
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Temperature and pressure of solvent removal. As described in the procedure, 
the general method for removing solvents was by heating the ethereal solution on 
a hot plate at 135® C., with final heating at 100® C. at a pressure of 500 mm. 
mercury. Since poor recoveries were obtained of the lower fatty acids, as re- 
vealed in table 1, it appeared desirable to determine the possibility of improving 
this recovery through the use of lower temperature and pressure for removing 
the solvents from the fat. Preliminary trials were conducted in which pure 
fatty acids were added to fat dissolved in ethyl ether and Skellysolve. The 
solvents were removed at (a) 100® C. and a pressure of 500 mm. mercury and (b) 
60® C. and 20 mm. mercury. Recovery of butyric acid was increased from 22 to 
80 per cent and that of caprylic from 80 to 100 per cent by reducing the tem- 
perature and pressure of solvent removal from the higher to lower levels. Loss 
of oleic acid was negligible in either case. On the basis of this work, the recovery 
of butyric acid from cream was studied, utilizing the solvent removal tem- 
peratures and pressures indicated above. Recovery of free butyric acid from 
cream was improved by lowering the pressure and temperature of solvent re- 
moval, with the recovery increasing from 12.2 per cent for the high temperature- 
high pressure procedure to 22.5 per cent for the low temperature-low pressure 
method. Since butyric acid comprises less than 4 per cent of milk fat, loss of 
even all of this acid which may have been freed by lipase action may not have any 
determinable effect upon the acid degree of a fat sample from rancid cream. 

The improvement in the recovery of lower fatty acids added to cream by the 
use of lower temperatures and pressures raises the question as to whether or not 
such conditions would increase the recovery of those free fatty acids produced 
normally in milk by lipase action. To study this possibility, several trials were 
conducted in which fat samples from normal and rancid creams were obtained by 
solvent extraction and by churning with the solvent-extracted fat being dried 
under the two conditions of temperature and pressure. The results in acid 
degrees were 0.853 and 0.875 for normal cream, 10.262 and 10.267 for rancid 
cream for the high temperature and low temperature treatment, respectively. 
Therefore, these data reveal no appreciable differences between the acid degrees 
of the extracted fats obtained and, thus, no advantage in favor of the lower tem- 
perature is indicated. 

Flavor of extracted and churned fat. In connection with various phases of 
this study, flavor observations were made on the fat obtained by churning and by 
extraction. Results for some of these observations are presented in table 2. 

These limited data indicate that no churned fats were rancid, whereas a num- 
ber of the extracted fats from rancid milk showed appreciably rancid flavors 
which were characterized as butyric, caprylic, goaty or bitter. It also was noted 
that temperature and pressure of solvent removal affected the flavor of the fat. 
When the temperature and pressure were 60® C. and 20 mm. mercury, respec- 
tively, the fat more often was butyric- or caprylic-flavored. However, when the 
solvents were removed at 100® C. and 500 mm. mercury, goaty or bitter flavors 
predominated in the resulting fat. 

Analysis of churned and extracted fats. To determine the chemical differ- 
ences between the fat isolated by churning and by extraction, fat samples obtained 
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TABLE 2 


Effect of method for obtaining fat on its flavor 


Method for 
obtaining fat 

Flavor of 
cream 

Flavor and incidence of 
flavor in fat 

Churning 

Normal 

Oxidized, 2» 

Kancid 

Oxidized, 5 

Solvent extraction 

'Normal 

Oxidized, 5 ; solvent, 4 ; 


Bancid 

Butyric, 4; caprylic, 4j 

Goaty, 4; ester, 2; solvent 3. 


• Figure indicates flavor intensity, 1 being minimum ; 5, maximum. 


from normal (control) and rancid cream by the two procedures were subjected to 
analysis. In these trials, the ethereal solution in the sohent method was evap- 
orated at 60° C. and 20 mm. mercury. Results obtained are presented in table 3. 
These data reveal that, with the exception of the acid degree values, such 
determinations fail to show any appreciable difference between solvent and 
churned fats and between rancid and non-rancid fats. The Reichert-Meissl 
values gave slightly, but consistently, lower values for the rancid fats in compar- 
ison to the control fats. Differences in the Polenske and saponification values 
and in iodine numbers are insignificant. 

The acid degree determinations on these fats gave the only results which show 
that appreciable differences exist between rancid and control samples and between 
extracted and churned fats. ' For the churned fat, there was a 17-fold difference 
in acid degree between the normal and rancid samples (0,46 and 7.95) and for the 
extracted fat the difference was greater than 18-fold (0.77 and 13.94, respec- 

TABLE a 


Chemical composition of solvent-extracted and churned fats 


Fat 

Trial 


Churned 

fat 

Solvent 

fat 

cliuracteristic 


Control 

Bancid 

Control 

Bancid 

Reichert’Meissel 

4 


28..*>4 

27.78 

28.51 

27.39 

value 

14 


27My 

27.17 

27.42 

26.72 


21 


29.77 

29.54 

29.79 

28.84 


Av. 


28.56 

28.16 

28.57 

27.65 

Polenske value 

4 


1.60 

1.65 

1.70 

1.64 


14 


2.10 

2.09 

2.09 

1.99 


21 


2.27 

2.21 

2.39 

2.30 


Av. 


1.99 

1.98 

2.06 

1.98 

Iodine value 

4 


43,10 

42.93 

43.28 

42.75 


14 


37.82 

38.14 

37.85 

37.62 


21 


33.98 

34.31 

34.05 

34.09 


Av. 


38.30 

38.46 

38.39 

38.15 

Saponification 

4 


226.6 

225.5 

225.5 

226.8 

value 

14 


222.4 

223.0 

223.7 

221.5 


21 


228.4 

227.2 

226.5 

226.5 


Av. 


225.8 

225.2 

225.2 

224.9 


4 

0.64 

7.19 

0.925 

15.375 

14 

0.38 

6.53 

0.72 

13.950 

21 

0.357 

10.115 

0.661 

12.505 

Av. 

0.459 

7.945 

0.769 

13.943 


Acid degree 
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lively) . The solvent-obtained fat in all cases yielded higher acid degrees than 
did the respective churned fats. The rancid solvent fat was 75 per cent greater 
in acid degree than that obtained by churning, and the control solvent fat 
exhibited 68 per cent greater acidity than did the churned fat. 

Ethanol extraction of fat. In the first paper of this series, an ethanol 
extraction procedure is described which permits a high concentration of the free 
fatty acids present in the fat (3). Since the previous study was of churned fat 
it seemed desirable to subject the solvent extracted fat to this ethanol fractiona- 
tion to ascertain if it would reveal more information as to the* fatty acids involved 
in lipase action. 

Milk fat obtained by the solvent method from non-rancid and rancid cream 
was fractionated by extracting 60 g. of fat in three successive portions of boiling 
ethanol, and then cooling and filtering the extract. Three fractions were ob- 
tained. I. Ethanol-insoluble fat, (portion remaining after extraction) ; II. Cold 


TABLE 4 

Chemiedl eharaoteriatics of the fraetions obtained bp extraction of control and 
rancid fats with ethanol (three trials) 


Fraction analysed 

Acid 

degree 

Reichert- 

Meissl 

value 

Polenshe 

value 

Saponifi- 

cation 

value 

Iodine 

value 

inde'x 







(P) 

Original fat 

Control 

0.74 

26.87 

1.86 

222.4 

40.25 

1.4546 . .. . 

Hancid 

13.41 

25.40 

1.88 

221.5 

38.65 

1.4542 . . . 

Cold ethanol extract 

Control 

9.06 

49.09 

4.55 

237.2 

42.73 

1.4551 6.33 

Bancid 

78.14 

37.89 

3.01 

225.8 

36.91 

1.4526 13.51 

Cold ethanol precipitate 

Control 

0.79 

41.60 

2.32 

235.1 

32.14 

1.4530 7.90 

Bancid 

5.19 

38.24 

2f34 

232.1 

30.29 

1.4528 8.S3 

Ethanol insoluble fat 

Control 

0.15 

21.79 

1.74 

218.2 

40.34 

1.4551 82.30 

Bancid 

1.37 

19.56 

1.39 

215.1 

39.67 

1.4547 73.29 


ethanol precipitate, (that portion which precipitated from the ethanol after it 
stood overnight at 4-5° C. and which was removed by filtration) ; III. Cold 
ethanol extract (portion remaining in solution in the ethanol after cooling, i.e., 
the filtrate of II) . The average weights of these various fractions obtained from 
100 g. of normal milk fat were 82.3 g. of ethanol-insoluble fat, 7.9 g. of cold 
ethanol precipitate and 6.3 g. of cold ethanol extract. From 100 g. of rancid fat 
these weights were 73.3 g., 8.8 g. and 13.5 g., respectively. Chemical analysis of 
these fractions and of the original fat are shown in table 4. 

These data reveal, as was found previously (3), that the free fatty acids in 
fat may be concentrated by alcohol extraction. The acid values of the alcohol 
extracts show approximately a 12-fold increase in the case of the control product 
and a 6-fold increase in the rancid product, when compared to the corresponding 
original fat. In contrast, the cold ethanol precipitate contained about the same 
amount of free acidity as the original fat in the control and less acidity in the 
rancid product. The acid degrees of 0.15 and 1.37 for the ethanol-insoluble fat 



SOLVENT AND EXTRACTION METHODS 


443 


for the control and rancid samples, respectively, indicate that the alcohol 
extraction removes the major portion of the free fatty acids from milk fat. 

Reichert-Meissl values of the various fractious from non-rancid and rancid 
fat show that the volatile soluble fatty acids are concentrated in the cold ethanol 
extract and precipitate. As expected, the ethanol-insoluble fat contained fewer 
of these short-chain acids. The volatile insoluble fatty acids also were con- 
centrated in the ethanol extract and precipitate, as shown by the Polenske values. 

The results obtained by the Keichert-Meissl and Polenske determinations are 
substantiated by the saponification values, which again are higher for the ethanol 
extract and precipitate and lower for the ethanol-insoluble fat, as compared to 
the original fat. 

ACID OeCREC ACID DEGREE 

R4 — 24 



FAT TEST (%) 

Fio. 3. Relationship between the fat content of the product and the acid degree of the 
fat obtained by extraction. 

The iodine values obtained show no definite trend, except that they were lower 
for the ethanol precipitate than for the other fractions. 

The refractive indices reflect roughly the values obtained by the other deter- 
minations. For instance, the large differences in refractive indices between the 
control and rancid ethanol extracts may be explained by the lower content of 
unsaturated fat and the greater amount of free fatty acid in the latter. 

Application of the solvent extraction procedure to milk. Since the pro- 
cedure in the foregoing studies involved the separation of rancid milk to obtain 
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the cream for subsequent extraction or churning, it was thought that an appre- 
ciable amount of the free fatty acids, especially the water-soluble acids, may be 
lost in the skim milk. To ascertain this effect, trials were conducted in which the 
extraction procedure was applied to milk and cream varying widely in fat con- 
tent. Eaw milk was homogenized, allowed to become rancid and separated to 30 
per cent cream. Portions of this cream were standardized to 4, 10 and 20 per cent 
fat with the skim milk. Due to homogenization, separation was inefficient and 
about one per cent fat remained in the skim milk. All of these products were 
extracted and the acid degrees of the extracts determined. The data obtained 
are portrayed in figure 3, 

This figure shows that the acid degree of the fat decreases with increases in the 
fat content of the product extracted. The value of 22.03 for the skim milk 
extract is nearly twice that of 12.87 for 4 per cent milk, and further decreases in 
fat acidity are apparent as the fat content of the products increases to 30 per cent. 
The fat extracted from the 4 per cent milk, which may be considered to be the 
original rancid milk before separation, had more than 36 per cent greater acidity 
than the fat from the 30 per cent cream, the only difference in the two products 
extracted being the amount of skim milk present. 

DISCUSSION 

In past work, little attention was paid to the method for isolation of the 
milk fat in lipase studies. The fat was obtained merely in the quickest and most 
convenient manner, usually by cliurning, without special regard for fatty acids 
which might be lost through such treatment. The results obtained in this study 
reveal the advantages of fat recovery by solvent extraction rather than by 
churning. Not only does the solvent method result in more complete recovery 
of the fatty acids, as revealed by the higher acid degree of the fat, but the results 
are affected less by the presence of such substances as lactic acid and formalin. 
Thus, the procedure may be utilized successfully on a fermented product or on a 
preserved product. Such is not the case with the churning procedure, where the 
values are affected appreciably by the presence of either lactic acid or formalin. 
A further advantage of the extraction method is its use in the isolation of lipids 
for titration from homogenized products of low fat content or from milk 
homogenized at high pressures. 

Many studies have been conducted in which the titer of fat obtained by 
churning has served as the basis of comparison. For example, threshold values 
for flavor have been suggested (2, 5), Also, results have been obtained in which 
acidity changes in fat obtained by churning have been correlated with production 
and transportation methods for raw milk (5, 6). On the basis of the results 
herein reported, the need for a re-evaluation of all studies made when the fat was 
obtained by churning is indicated. 

Further evidence of the greater efficiency of the extraction procedure is given 
by the fact that rancidity was detected in solvent-extracted fat from rancid milk, 
whereas churned fat from the same source did not exhibit a rancid odor. That 
the flavor of several samples was typical of the “goat*’ acids rather than of 
butyric acid indicates that the free caproic, caprylic and capric acids are 
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recovered more efficiently by the extraction procedure than is the more water- 
soluble butyric acid. This is borne out by the fact that the best recovery of 
butyric acid from cream was only about 23 per cent. Lack of rancid odor in 
churned fat may be expected since negligible recovery of butyric and caproic 
acids results from the churning procedure. The low recovery of butyric acid 
in solvent extraction may be attributed chiefly to its inefficient extraction from 
the serum phase, since a rather drastic method of solvent removal was shown to 
account for only a 20 per cent loss of the acid added to a solution of butterfat. 
The distribution ratios for butyric acid between ethyl ether and water are in- 
volved in this connection. These ratios (ether to water) vary from 4.2 ; 1 to 5.3 : 1 
for concentrations of the acid from 0.01 per cent to 0.12 per cent, respectively 
(10), values which would account at least partially for losses during the actual 
extraction. 

The application of the extraction procedure to low-fat products or to 
homogenized products further emphasizes the weakness of the churning method. 
The data reveal the effect of separation on the loss of ether-extractable acids, 
losses which would not be detected when the fat is isolated by churning. The 
loss of these acids during .separation, in addition to those lost if the cream were 
churned rather than solvent-extracted, would result in recovery of less than one- 
half the free fatty acids obtainable by direct extraction of the milk. 

Chemical analysis of churned and solvent fat failed to show any appreciable 
differences between these fats, whether normal or rancid, except through com- 
parison of acid degrees. These data agree with previous results based on fat ob- 
tained by cliurning (4). The data pre.sented serve to illustrate that only a small 
portion of the fat is affected by lipolysis. An average saponification number of 
225 is equivalent to an acid degree of 402 if the fat is totally hydrolyzed. On 
this basis, only 1.97 per cent of the churned rancid and 3.46 per cent of the 
solvent rancid fat was hydrolyzed. Therefore, small losses of free fatty acids, 
through either solvent extraction or churning, would have no appreciable effect 
upon the characteristics of the fat obtained. 

Analysis of the various fractions resulting from ethanol extraction of solvent- 
extracted milk fat gave no definite indication of selective fat hydrolysis by the 
lipase system. However, as indicated previously (3), the free fatty acids may 
be concentrated by such extraction. It is evident that not only the free fatty 
acids are extracted but also any mono-, di-, and triglycerides which may be 
soluble in the hot ethanol. The precipitate formed upon chilling of this solution 
is comparatively low in free acids and high in Reichert-Meissl, Polenske and 
saponification values, indicating that glycerides of shorter-chain acids are in- 
volved. The cold alcohol-soluble fraction contained the bulk of the fatty acids, 
and probably mono- and diglycerides of the lower fatty acids, as indicated by high 
acid degree, lleichert-Meissl, Polenske and saponification values. 

SUMMARY 

A method for the removal of fat from milk products \rhich involves the use of 
ethanol, ethyl ether and Skellysolve P was developed. 

The application of this solvent extraction method to rancid milk yielded fat 
averaging 30 per cent higher in acidity than fat obtained by churning and re- 
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suited in better recovery of the fat. The solvent method is adapted particularly 
to the removal of fat from homogenized products of low fat content, thereby 
eliminating the loss of water-soluble fatty acids through separation. Moreover, 
the addition of lactic acid and/or formalin to cream had little effect upon the 
acidity of the fat resulting from solvent extraction, but increased appreciably the 
acidity of that obtained by the churning process. 

The solvent method was superior to the churning method for recovery of pure 
fatty acids from cream, particularly the lower acids, butyric and caproic. This 
is emphasized by the fact that many samples of fat which were solvent-extracted 
from milk exhibited a rancid flavor, whereas churned fat from the same source 
did not. However, even with the solvent method, butyric acid recovery was low 
as determined by titration. 

Improved recovery of butyric acid added to cream resulted when the tem- 
perature and pressure of solvent removal from fat was lowered from 100^ G. and 
600 mm. mercury to 60® C. and 20 mm. mercury. However, when rancid cream 
was extracted, these modifications proved to be of questionable value so far as fat 
titration values were concerned, due to the small amounts of volatile, water- 
soluble fatty acids present. 

Chemical analysis failed to show any appreciable differences, other than in 
acid degree, between solvent-extracted and churned fat, whether the fat was from 
normal or rancid milk. Also, analysis of the ethanolic soluble and insoluble 
fractions of solvent-extracted fat failed to indicate definitely selective hydrolysis 
by milk lipase. 

The data presented in this study indicate the need for re-evaluation of results 
from lipase studies which are based upon the titration of fat obtained by 
churning methods. 
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MILK LIPASE SYSTEM. III. FURTHER STUDIES OP THE SOLVENT 
EXTRACTION PROCEDURE FOR OBTAINING PAT PROM 
MILK FOR TITRATION' 


B. C. JOHNSON AND I. A. GOULD 2 
Maryland Agricultural Experiment Station, College Parle 

In previous work (5) a solvent extraction procedure was developed which 
proved superior to standard churning methods for the obtaining of fat in milk 
lipase studies. However, even this solvent method was found to be inefficient 
in removing butyric and caproic acids from cream. Thus, it seemed desirable to 
modify the extraction method to obtain greater recovery of the fatty acids re- 
sulting from milk lipase activity. The results of such modifications are pre- 
sented in this paper. In addition, a comparison was made between the extrac- 
tion procedure as developed, and a continuous extraction method used by Kelly 
( 6 , 7) to obtain fat for titration. 


METHODS 

The general conditions of the experiment were as described in the preceding 
paper (5). Fresh, raw milk was obtained from the University herd and sepa- 
rated to a 10 per cent product. The milk was homogenized by a rotary machine 
to accelerate the lipase activity. Samples were incubated at 37° C. with forma- 
lin (1 ml. per lb. of milk) as preservative. Lipase action was stopped by heat- 
ing the milk to 65° C. or above for 10 minutes. 

The fat was obtained for titration either by the solvent extraction procedure 
or by a continuous extraction method adapted from Kelly's work (7). In the 
solvent extraction method, 125 g. of cream were shaken vigorously 15 seconds 
with 100 ml. of ethanol and allowed to stand for 5 minutes. Then 80 ml. of 
ethyl ether and 120 ml. of Skellysolve' were added and the mixture was shaken 
again for 30 seconds. The emulsion was broken by centrifugation and the 
ethereal layer removed. The fat was freed of solvents at 60° C. and 20 to 24 mm. 
mercury. The solvent extraction procedure was modified in two ways. In the 
first modification, the cream or milk was saturated with either NaCl or MgS 04 
before the extraction was conducted. In the second modification, the cream or 
milk was adjusted to pH 2 with H 2 SO 4 (1 + 3), using rapid agitation, prior to 
extraction. 

In the continuous extraction method, the sample was mixed with two to three 
times its weight of plaster of Paris, allowed to harden overnight and then ex- 
tracted with ethyl ether in a Soxhlet apparatus. A 1,000-ml. size extractor was 
used, requiring 4.5 to 5 minutes per cycle. Extraction was carried out for at 

Beceived for publication January 10, 3949. 

^ Bcieatifie paper ao. A225. Contributioii no. 2150 of the Maryland Agricultural Experi- 
ment Station (Dairy Department). 

2 Present address : Dairy Teclmology Dept., Ohio State University, Columbus. 

3 Skellysolve P*-a petroleum ether, boiling range 30 to 60® C. 

447 



448 


B. C. JOHNSON AND I. A. GOULD 


least 3.5 hours per sample. Under these conditions, recovery of the fat was 95 
per cent or better. 

In previous work (6), fat titrations were made by the A.O.A.C. method (1), 
Although this method was found to give acceptable results, some difficulty was 
experienced with the endpoint, especially in highly rancid samples. This mat- 
ter of titration was investigated and comparisons made among four methods, 
those of Breazeale and Bird (2), Herrington and Krukovsky (4), Clarke et al, 
(3) and A.O.A.C. (1). The results were comparable for all methods. How- 
ever, the alcoholic KOH method of Breazeale and Bird was chosen for this work 
because the titration was in a clear solution and the endpoints were the most 
definite and exhibited the least fading. Titration results were expressed in acid 
degrees (the number of ml. of N alkali required to neutralize the acids in 100 g. 
of fat). 

In studies on recovery of pure fatty acids, the acids were standardized ac- 
curately at approximately 0.25 N and added to 30 per cent cream at the rate of 
5 ml. per 100 g. or to 10 per cent milk at the rate of 2 ml. per 100 g. 

EXPERIMENTAL 

Saturation with Neutral Salts. In the first phase of this work, the effect of 
saturation of the cream with either NaCl or MgS04 prior to extraction on the re- 


TABLE 1 

Effect of aalt-mturation of the cream upon the recovery of butyric acid 


X rvtttiueub ux tuo v/ivuiu 

Becovery of Butyric Acid 


Trial 1 

Trial 2 

Av. 



(%) 

(%) 

(%) 


Control (cream plus butyric add) .. .. 

. 19.0 

9.48 

14.24 


Control plus NaCl 

31.S 

18.96 

25.23 


Control plus Mg604 

23.5 

8.03 

15.77 



covery of butyric acid from 30 per cent cream was determined. Results are pre- 
sented in table 1. These data reveal that saturation of cream with NaCl tended to 
improve recovery of butyric acid, whereas saturation with MgS04 did not appre- 
ciably affect recovery of the acid. Addition of NaCl increased recovery of bu- 
tyric acid by 11 per cent. 

In view of these results, studies were conducted on normal and rancid milk 
(10 per cent) in which the fat was obtained by solvent extraction with and with- 
out the aid of NaCl saturation. The results presented in table 2 reveal that the 
acid degree of the fat obtained from both normal and rancid products was not 
affected appreciably by saturation of the milk with the salt, although the re- 
sults were inconsistent between trials. 

Acidification with HtSO^. In studies involving the effect of lowering the pH 
the recoveries of butyric, caproic, capric and oleic acids from acidified and un- 
treated 10 per cent milk were compared. Results are presented in table 3. 
Acidification of the milk with H2SO4 was found to increase appreciably the re- 
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TABLE 2 

Effect of NaCl-eaturatUm of the milk before extraction upon the acid degree of the fat 


Acid Degree of the fat 



Trial 1 

Trial 2 

Trial 3 

Av. 


(%) 

(%) 

(%) 

(%) 

Without NaCl 

Normal fat .. 

1.13 

1.22 

0.87 

1.07 

Bancid fat 

13.59 

27.03 

15.84 

18.82 

With NaCl 

Normal fat 

1.04 

0.67 

0.70 

0.80 

Rancid fat 

13.70 

27.16 

15.46 

18.77 


covery of various fatty acids from 10 per cent milk. The greatest increases were 
noted with butyric and caproic acids. Recovery of the former was more than 
tripled (9.48 to 30.59 per cent) and that of the latter nearly doubled (42.39 to 
72.26 per cent). Total recovery of caprylic and oleic acids was achieved when 
the pH of the milk was adjusted prior to extraction. 

TABLE 3 


Effect of acidification of mUk before extraction upon the recoveries of added fatty acids 


Fatty acid 
added 

Calculated 

increase 

Acid degree 

Actual increase 

Recovery of pure 
^ fatty acid 

' Not 
acidided 

Acidified 

Not 

acidified 

Acidified 

Butyric 

6.13 

0..58 

1.87 

(%) 

0.48 

(%) 

30.59 




4.02 

42.39 

72.26 



5.43 

83.79 




4.17 

4.73 




The effect of acidification of normal and rancid 10 per cent milks upon the 
acid degree of the extracted fats is showm in table 4. In all cases, the acid de- 
grees of the fats from acidulated creams were higher, averaging 1.38 and 19.79 
for normal and rancid acid-treated samples, as compared to 1.07 and 18.82, re- 
spectively, for the untreated samples. Since qualitative tests for the sulfate 
ion were negative, the increase could not be attributed to entrained H2SO4. 

TABLE 4 

Effect of acidifieation of the milk before extraction upon the add degree of the fat 

Acid degree of the fat 

Trial 1 Trial 2 Trial 3 Av. 



(%) 

(%) 

(%) 

(%) 

Cream not acidified 

Normal fat . 

1.13 

1.22 

0.87 

1.07 

Rancid fat . 

13.59 

27.03 

15.84 

18.82 

Cream acidified with H«SO< 

Normal fat 

1.37 

1.62 

1.16 

1.38 

Rancid fat .... 

14.13 

28.49 

16.73 

19.79 
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Comparison with Continuous Extraction Method. The data obtained when 
the standard solvent extraction method was used were compared to those which 
resulted from the continuous extraction of milk dried with plaster of Paris. 
Besults are presented in table 5. Continuous extraction of dried milk| whether 
normal or rancid, produces fat of much lower acidity than does standard solvent 
extraction. When the milk was not acidified prior to extraction, the average 
differences in acid degree between fats from rancid and normal milks were 8.24 
for the former method and 17.75 for the latter, or a difference of 115 per cent. 
Acidification of milk prior to extraction increased the acidity of fat obtained by 
standard extraction to a lesser extent than that of fat obtained by continuous 
extraction; however, the acid degree obtained by the former method was still 

TABLE 5 

A comparison of the acid degree of fat obtained by solvent extraction and by continuous 
extraction of milk previously dried with plaster of Paris 

‘Acid degree of the fat when the cream was: 

Not acidified Acidified 


Solvent extraction method 


Normal 

1.07 

1.38 

Bancid 

18.82 

19.79 

Difference 

17.76 

18.41 

Oontinuous extraction method 

Normal 

0.78 

0.87 

Bancid 

9.02 

12.84 

Difference 

8.24 

n.97 


54 per cent greater than that by the latter - 18.41 as compared to 11.97. Percent- 
age recovery of the fat was satisfactory by either method. 

DISCUSSION 

Since butyric acid is the most volatile and water-soluble fatty acid in butter- 
fat, the problem of recovery of all of the fatty acids present becomes one of ob- 
taining more complete recovery of this acid. Substances which are appreciably 
soluble in water often may be extracted more successfully with ether if an in- 
organic salt is first added to the solution to reduce the solubility of the substance 
in the water. Although NaCl was found to increase the extraction of butyric 
acid to some extent, the improvement in butyric acid recovery by saturation of 
the milk with NaCl does not appear sufficiently great to warrant its use; the 
effect is slight and inconsistent when based on the acid degree of the fat from 
rancid and non-rancid milk. Saturation of cream with MgS 04 did not improve 
butyric acid recovery. 

The improved recovery of butyric, caproic, capric and oleic acids which re- 
suited when the milk was adjusted tp pH 2 prior to extraction is sufficient to 
justify the acceptance of such treatment as a part of the solvent extraction pro- 
cedure. In addition, when this method was used with rancid cream, the acid 
degree of the resulting fat was appreciably higher than when the fat was ex- 
tracted without pH adjustment. Apparently, under normal conditions, an ap- 
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preciable portion of the free fatty acids is bound in the milk, probably as salts, 
and thus is not removed by ordinary solvent extraction. 

The results obtained in this work raise considerable question about the ac- 
curacy of the continuous extraction of milk which has been dried with plaster 
of Paris. Even with excessively long extraction times, the acid degree of fat ob- 
tained by continuous extraction was less than one-half that obtained by the stand- 
ard solvent procedure and the results lacked consistency. 

SUMMARY 

1 . Results are presented of two attempts to modify the solvent extraction 
procedure for the obtaining of fat in lipase studies so as to increase the efS- 
ciency of recovery of the lower fatty acids. The two modifications studied were : 

(а) the saturation of the milk with salts (MgSO* and NaCl) before extraction 
and (b) the acidification of the milk to pH 2 with H 2 SO 4 before extraction. 

2 . Of these modifications, only the acid adjustment of the milk or cream was 
found to yield sufficient improvement in recover}' as to warrant its adoption as 
a part of the solvent extraction procedure. 

3. A comparison of the solvent extraction method and a procedure involv- 
ing continuous extraction of milk previously dried in plaster of Paris reveals that 
the latter method does not remove efficiently the free fatty acids from milk. 
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A COMPAEISON OF TOESION PENDULUM TYPE VISCOSIMETERS 
FOR MEASUREMENT OF VISCOSITY IN DAIRY PRODUCTS^ 

F. E. POTTEE, E. F. DEYSHEB, and B. H. WEBB 
Bureau of Dairy Industry, Agriouliural Beseareh Administration, 

JJ, 8. Department of Agriculture 

In conjunction with studies on the viscosity of dairy products it was neces- 
sary to examine various viscosimeters to determine their accuracy and operating 
characteristics. The purpose of this article is to show some of the difficulties en- 
countered in determining the viscosity of dairy products and to present conver- 
sion factors, for torsion pendulum viscosimeters, which may be of use to others 
in similar studies. 

Whitaker and Herrington (4), using the Mojonnier-Doolittle viscosimeter, 
developed an equation for the conversion of degrees retardation to absolute vis- 
cosity. Herschel (1, 2), studying the MacMichael viscosimeter, found the con- 
stants (factors) obtained with liquids of a known viscosity to be nearly identical 
with the calculated constants for wires of 26, 30 and 34 gauge. However, the 34 
and 36 wires gave nearly identical results and the constant for the 36 wire was 
considerably larger than the calculated constant. He concluded that this wire 
was of larger diameter than the standard for that gauge. Sheely (3) reported 
that the values obtained with two of the pipet type viscosimeters agreed very 
closely on liquids of known viscosity, whereas the MacMichael gave slightly higher 
values. This difference increased with an increase in viscosity. 

EXPERIMENTIL PROCEDURE 

In this study three viscosimeters of the torsion pendulum type were used, 
namely the Brookfield,® the MacMichael,® and the Mojonnier-Doolittle.* The 
operation of the instruments was conducted as specified by the manufacturers. 
The Brookfield viscosimeter was used with four attachable spindles or plungers, 
and operated at speeds of 6, 12, 30 and 60 revolutions per minute. Wires of a 
standard gauge numbering from 18 to 30, inclusive, with both large and small 
plungers, were used with the MacMichael viscosimeter. The three interchange- 
able plungers provided with the Mojonnier-Doolittle viscosimeter were used with 
three wires of the same size. 

All determinations in this study were conducted at 86® F. (30® C.). A sep- 
arate portion of the sample was used for each determination to eliminate any 
error caused by structural breakdown due to the action of the plungers. 

The depth of plunger immersion in the product to be tested was uniform for 
each viscosimeter. The Brookfield spindles were immersed to the indentation on 

Received for publication January 11, 1949. 

1 This work was done in part with funds made available through the Agricultural Beseareh 
and Marketing Act of 1946. 

2 Brookfield Engineering Laboratories Inc., Stoughton, Massachusetts. 

8 Eimer and Amend, New York, N. Y. 

4 Mojonnier Bros. Co., Chicago, Illinois. 
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TABLE 1 

Mojonnier-Doolittle viscosimeter conversion factors^ obtained with oils of "known viscosities 


Standard oils Size of plunger 


Oil 

Viscosity 

Wire 

no. 

Small 


Medium 

Large 

no. 

at 86* F. 


Bcadingt> 

Factor 

Bcadingb 

Factor 

Keadingb 

Factor 


centipoises 








M -14 

148.3 

1 

8.33 

17.8 

60.66 

2.44 

224.66 

0.660 

M -14 

148.3 

2 

8.00 

18.5 

59.66 

2.48 

209.66 

0.707 

M -13 

155.0 

1 

5.33 

29.0 

58.59 

2.64 

219.17 

0.707 

M -13 

155.0 

2 

7.33 

21.1 

59.36 

2.61 

214.93 

0.721 

M -13 

155.0 

3 



55.50 

2.79 

211.00 

0.735 

N -15 

648.0 

1 

18.66 

34.7 

197.33 

3.28 



N -15 

648.0 

2 

24.66 

26.2 

201.66 

3.21 



OB- 3 

13,930.0 

1 

222.77 

62..5 





OB- 3 

13,930.0 

2 

224.69 

61.9 





OB- 3 

13,930.0 

3 

222.00 

62.7 






Av. Factors 



37.2 


2.78 


0.706 


• Factor x reading c: centipoiaes. 

b Each reading represents an average of five or more determinations. 


the spindle shaft ; for the MacMichael, the topmost mark was used for the small 
plunger and the bottom of the small knob on the side of the cup for the large 
plunger. With the Mojonnier the level of the fluid was adjusted to cover exactly 
the bulb of the plunger. 

Standard viscosity oils were obtained from the National Bureau of Standards 
for instrument standardization. The viscosity of these oils at 86® F. is included 
in the data of table 1 with the exception of oil P8, which had a viscosity of 43^630 
centipoises at 86° F. 


RESULTS 

In the standardization of the viscosimeters it vras found that the conversion 
factors furnished with the Brookfield were satisfactory when tested with the 
standard oils. 

The conversion factors obtained with the Mojonnier-Doolittle viscosimeter 
arc presented in table 1. The data show only a slight variation in results obtained 

TABLE 2 

Factors for converting MacMtchael viscosimeter readings taken at 8$’* F. to centipoises 
when the viscosimeter cup is turned at SI r.p.m. 


Wire 


Factors^ 


Standard Gauge no. 

Small Plunger 

Large Plunger 

18 

11,368 

217 

20 

4,475 

93 

22 

1,694 

37 

24 

703 

13.6 

26 

286 

5.8 

28 

82 

1.73 

30 

43 

0.901 


Factor x ’M = Centipois 
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with the different wires, and this variation probably is within the accuracy of the 
determination. The factors for the small plunger varied from 17.8 to 62.7, the 
medium plunger 2.44 to 3.28, and the large plunger 0.660 to 0.735, with average 
factors of 37.2, 2.78, and 0.706, respectively. 

Table 2 shows the factors obtained in the standardization of the MacMichael 
viscosimeter. These data represent the average of several trials with two or 
more oils for each wire, the individual determinations varying only slightly. 

Figure 1 shows a straight line relationship between the logarithm of the fac- 
tors and the wire or spindle size for both the MacMichael and Brookfield viscosi- 
meters. A similar plot of the Mojonnier data gives a curve which indicates a 
somewhat different relationship between the logarithm of the factor and the 
plunger sizes of this instrument. 



Fio. 1. The relationship between viscosity conversion factors and the wire or spindle sizes 
of three different viscosimeters. 

Measurements next were made on various dairy products and the viscosities 
were calculated by using the factors determined for the different viscosimeters. 
Several determinations were made on each of a number of samples. 

The data of table 3 show the variations in values obtained with the three 
viscosimeters, as well as differences found in the viscosity values when different 
wires or plungers were used with the same instrument. With the MacMichael 
viscosimeter, the viscosity decreased with an increase in the wire gauge for both 
the large and small plunger. Although this table does not show values obtained 
with other wires, the same relationship existed. In the results obtained with the 
Mojonnier-Doolittle viscosimeter, the data show a decrease in the viscosity value 
with an increase in the plunger size. For the Brookfield viscosimeter an increase 
in the revolutions per minute of the spindle caused a decrease in the viscosity 
value. In addition, in nearly all cases when operating at the same speed, the 
larger the spindle used, the smaller the viscosity value. This relationship was 
found in many other samples. 
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TABLE 3 

Visconity values of variom dairy products determined with the three viscosimeters and converted 
to centipoises with the factors obtained for each instrument 



MacMichael 

Mojonnier 









viscosi- 

viscosi- 


Brookfield viscosimeter 




meter 

meter 








Product 

Large 

plunger 

#1 Spindle^ B.P.M.b 

Medium Large 

#2 Spindle 
E.P.M. 

Av. 

value 


#28 

Wire 

#30 

Wire 

plunger plunger 

6 

12 

30 

60 

30 

60 


Evaporated 

milk 

(e.p.) 

(e.p.) 

(o-p.) (e.p.) 

(c.p.) 

(c.p.) 

(c.p.) 

(c.p.) 

(o.p.) 

(o.p.) 

(c.p.) 

42.8 

40.9 

55.6 

53.0 

48.0 

49.0 

43.9 

39.4 

48.0 

40.7 

46.1 

Condensed 
skim milk 
Beconstituted 

66.7 

61.0 

94.6 

74.8 

82.0 

79.0 

71.2 

65.0 

70.0 

67.0 

73.1 

skim milk 












(approx, 

30% 












solids) 

Ice cream 

51.3 

47.9 

58.4 

57.2 

54.0 

51.0 

49.2 

47.5 

58.0 

50.3 

52.5 

mixe 

56.4 

54.0 

69.6 

66.4 

87.4 

74.7 

60.0 

51.2 

67.4 

52.0 

63.9 


Small 

plunger 

Small 

plunger 


#3 Spindle 
B.P.M. 

#4 Spindle R.P.M. 














#28 

#30 


6 

12 

6 

12 

30 

60 



Wire 

Wire 





Sweetened 












condensed 
whole milk 

2,654 

2,616 

2,235 


3,040 

2,840 

3,060 

2,870 

2,600 

2,460 

2,708 

Sweetened 







condensed 
skim milk 

9,436 

8,328 

6,550 


11,040 

9,494 

10,800 

9,500 

7,840 

6,620 

8,734 


• Number 1 spindle is the largest, number 4 is the smallest. 

^ B.P.M. = revolutions per minute. 

c This sample of ice cream mix was abnormally low in viscosity. 


DISCUSSION 

It is well known that the usual viscosity values obtained on such products as 
ice cream mix and sweetened condensed milk are not absolute ; they do not take 
into consideration plasticity effects and they must be run in the same manner each 
time if comparative figures are to be obtained. Nevertheless, relative viscosity 
determinations do give numerical values which reflect the treatment of products 
during manufacture and storage and which provide a means of comparison and 
of grading. 

The factors presented here will be useful to workers wishing to make relative 
viscosity determinations on dairy products. It should be pointed out, however, 
that even though the appropriate conversion factors are used, the viscosity values 
will vary with the wire or plunger size as well as with the speed of rotation. The 
conversion factors furnished by the manufacturers of the Brookfield viscosimeter 
were found to be satisfactory. With this instrument the operating speed had a 
greater influence on the viscosity value of dairy products than did the spindle size. 
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In general, the faster the speed of rotation and the larger the spindle size, the 
lower the viscosity value. 

Conversion factors for each MacMiehael wire with both the large and small 
plungers checked very closely with all oils. A speed of 21 revolutions per minute 
for the MacMiehael cup was used in this study, and operation at another speed 
would give a different set of factors for the respective wires. The factors for 
other speeds can be calculated, since the product of the speed and factor yields a 
constant. Therefore F = K/S, where F = Factor, 8 « Revolutions per minute and 
K « Constant. This relationship was checked on standard oils. Each spindle of 
the Brookfield viscosimeter also yields a constant when the speed of rotation is 
multiplied by the factors furnished by the manufacturer. 

When the MacMiehael was used for determining the viscosity of dairy 
products, the use of different wires did not give equal viscosity values. However, 
a general trend prevailed in which the viscosity value dt'creased with an increase 
in the gauge of the wire. 

In the standardization of the Mojoniiier viscosimeter, the viscosity of the oils 
had an eflect on the fa('tors. The greater the vis(*osity, the larger were the factors 
for each plunger. This increase was the greatest for the small plunger, whereas 
the largest plunger showed only a slight difference with the various oils. The 
large and medium Mojonnier plungers gave viscosity values on dairy products 
which agreed fairly well with the values obtained with the other viscosimeters. 
However, the smallest plunger gave considerably lower values. 

This study was not concerned with temperature effects but some mention 
should be made of them, since the Brookfield viscosimeter instructions make no 
statement regarding temperature. Standard oils at a temperature of 20 and 
25® C. were used with the Brookfield and MacMiehael viscosimeters. The 
temperature did not seem to change the factors furnished for the Brookfield 
viscosimeter but a decrease in temperature increased the factors for the 
MacMiehael. 

SUMMARY 

Torsion pendulum viscosimeters operated under similar conditions gave 
satisfactory results in the determination of relative viscosity in dairy products. 
When tests in a series were to be compared, it was found advisable to use the same 
standardized instrument for all the tests and to maintain constant conditions 
with regard to speed of rotation, wire and plunger size, depth of immersion of 
plunger, temperature, and agitation, stirring or preparation of the sample. 

Conversion factors were determined for the MacMiehael and Mojonnier 
viscosimeters at 86® P. The factors furnished by the manufacturers of the 
Brookfield viscosimeter were found satisfactory. A decrease in the wire size and 
an increase in plunger size or in speed of rotation when applied to a given 
instrument caused a decrease in the apparent viscosity of various dairy products. 

ACKNOWLEDGMENT 

The authors wish to acknowledge the assistance of C. P, Hufnagel during 
several phases of this work. 



VISCOSITY OP DAIRY PRODUCTS 


457 


REFERENCES 

(1) Herbohel, W. H. The MacMiehnel Torsional Viscosimeter, J. Ind. Eng. Cliem., 12, 3: 

282-286. 1920. 

(2) Herschel, W. H. The Improved MacMichael Viscosimeter. J. Optical Soc. Am. 7, 4; 

335-353. 3923. 

(3) Sheely, M. L. The Standardization of Commeicial Viscometers. J. Ind. Eng. Chem., 15, 

11: 1109-1114. 1923. 

(4) Whitaker, R., and Herrington, B. T.. The Calculation of Absolute Viscosity from Data 

Secured by Means of the Torsion Pendulum Viscosimeter. J. Dairy Sci., 12: 456-463. 
1929. 



PROPERTIES OP THE COLOSTRUM OP THE DAIRY COW. IV. EP- 
PECT OP PORM OP VITAMIN A AND OP TOCOPHEROL 
SUPPLEMENTS ON CONCENTRATIONS OP 
VITAMIN A AND CAROTENOIDS^ 

D. B. PABRISH, G. H. WISE , 2 and J. S. HUGHES 
Kansas Agricultural Experiment Station, Manhattan, Kansas 

Previous studies (2, 10, 13) have demonstrated that giving massive amounts 
of vitamin A to dairy cows during the terminal weeks of gestation usually in- 
creases the vitamin A content of colostrum and early milk. Information was 
lacking, however, on the effects of dietary supplementation of tocopherols (vita- 
min E) and of different forms of vitamin A, alcoholic and esterified, on the 
concentrations of vitamin A and carotenoids in the early postpartum mammary 
secretions. Accordingly, a study of this problem was undertaken. 

EXPERIMENTAL PROCEDURE 

Vitamin A and carotenoid concentrations in colostrum and early milk from 
cows and heifers that received barn rations supplemented with vitamin A ester 
were compared with concentrations in similar secretions from cows that re- 
ceived the same rations supplemented with either vitamin A alcohol or vitamin 
A alcohol plus tocopherols in the free, unesterified form. This last combina- 
tion of supplements was used because it was believed that any evidence of the 
sparing action of tocopherols would be manifested more clearly in conjunction 
with the less stable alcoholic form (11) than with the natural ester. Also, the 
vitamin A and carotenoid contents of the early mammary secretions from sev- 
eral cows receiving barn rations supplemented with tocopherols were compared 
with those from cows fed unsupplementdd barn rations. Since no information 
on prepartal tocopherol supplementation was available, different levels were 
given. 

Preparturient dairy cows that calved during a period from November, 1946, 
to February, 1947, were assigned on the basis of breed, number of lactations 
(first or later) and type and/or level of supplement fed to two major dietary 
groups, each consisting of three subgroups (table 1). Unfortunately, the lim- 
ited number of animals available and three unavoidable casualties disrupted 
the equalization of subgroups. General feeding and management practices 
have been published (8).® Types of vitamins, levels of administration and 
periods of supplementation are shown in table 1. All supplementation was 
discontinued at parturition. Variations in lengths of time cows received the 

Received for publication January 11, 1949. 

1 (Contribution no. 3S0, Department of Chemistry and no. 182, Department of Dairy Hus- 
bandry. 

2 Present address, Department of Animal Industry, North Carolina State College Ra- 
leigh, N. 0. 

s The identification of the groups is not the same as in the previous r^ort sad data on 
colostrum from additional cows are included in this study. 

458 



CAROTENOIDS IN COLOSTRUM 


459 


TABLE 1 


Schedule of vitamin A and tocopherol supplementation of preparial ration of dairy cows 


Group 

No. of 

Days previous to date of expected parturition 

cows 

28-14 

13-0 



JSation supplement given 

I a 

7 

500,000 1.U. vit. A ester 

1,000,000 I.XJ. vit. A ester 

b 

8 

500,000 1.U. vit. A ale. 

1,000,000 1.U.vit.Aalc. 

c 

6 

600,000 1.U. vit. A ale. 
plus 0.5 g. a - Y tocopherols 

1,000,000 LU. vit. A ale. 
plus 1 g. a - Y tocopherols 

II a 

5 

None 

None 

b 

1 

0.5 g. a - Y tocopherols 

1 g. a - Y tocopherols 

cl 

1 

4 g. mixed tocopherols 

4 g. mixed tocopherols 

c2 

1 

5 g. a - Y tocopherols 

3 g. a ~ Y tocopherols 

e3 

3 

10 g. mixed tocopherols 

10 g. mixed tocopherols 


Note: a-Y tocopherols contained either 50 or 90% y^i^ocopherol ; all tocopherola were in 
the free, nnesterified form. 


supplements resulted from differences between expected and actual calvinj? 
dates, but in no instance was the avera{?e time for each group less than that 
indicated in table 1. 

Samples were collected from each milking during the first 4 days and on 
the eighth day postpartum. Vitamin A and carotenoids were determined on 
individual samples from the first four milkings only and on daily composites 
thereafter. Collection procedures and analytical methods have been reported 
( 10 ). 

RESULTS 

Effect of form of vitamin A supplement. Group means (I-a and I-b, table 
2) indicate that in the early stages of the transition from colostrum to milk the 
vitamin A content per unit of fat was greater in secretions from cows receiving 
the alcoholic form of vitamin A than from those receiving the esterified. Simi- 
lar results were obtained when averages were computed on a per-unit-of-secre- 
tion basis (table 3). However, comparisons of data from paired animals of 
the two groups revealed that in several instances the higher values were in 

TABLE 2 

Vitamin A and carotenoid contents of fat in colostrum and early milk from groups of cows 
given different vitamin supplements 


Numbor of milking 


Group 

Bation supplement 

1 

2 

3 

4 5 + 6* 

7 f8 

15 + 1 




Vitamin A i}ig./g. of fat) 



I-a 

Vit A ester 

113 

96 

71 

46 33 

23 

9 

I-b 

Vit. A alcohol 

139 

145 

93 

64 36 

21 

9 

I-c 

Vit A ale. and tocopherols 

107 

91 

91 

71 35 

22 

9 




Carotenoids (p^./p. of fat) 



I-a 

Vit. A ester 

39 

32 

23 

18 14 

8 

4 

I-b 

Vit A alcohol 

39 

37 

22 

16 11 

6 

3 

I-c 

Vit A ale. and tocopherols 

36 

31 

23 

18 11 

7 

4 


Composite samples. 
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colostrum from cows fed vitamin A ester. Moreover, a pronounced individual 
variation among cows was observed. Thus, the superiority of one form of 
dietary vitamin A over the other for augmenting the levels of vitamin A in 
colostrum was not indicated. 

The carotenoid contents of colostrum and early milk from cows receiving 
the alcoholic form of vitamin A also were similar to those from cows receiving 
the natural ester (tables 2 and 3). 

Effect of supplements of tocopherols. Average levels of vitamin A in the 
first two samples of mammary secretions collected from cows receiving supple- 
ments of alcoholic vitamin A were higher than those from cows that also re- 
ceived tocopherols (tables 2 and 3). After the first two milkings, consistent 
differences were not apparent. In view of the wide variability among samples 
(table 3), the differences in the vitamin A contents of the mammary secretions 
from the two groups probably have little, if any, significance. 

Although high levels of tocopherol supplementation of the ration during the 
later stages of gestation appeared to effect an increase in the average concen- 
trations of vitamin A in colostrum and early milk (groups Il-a and Il-e, table 
4), variations in results on samples from individual cows tend to nullify differ- 
ences between means. Previous work (10) has shown that vitamin A levels 
generally are higher in colostrum from cows in their first lactation than in a 
later. Therefore, if comparisons of vitamin A levels are made only on colostrum 
from cows in their second or later lactations, the results from cows receiving 
tocopherols approach those from cows fed unsupplemented rations. Thus, as 
judged by these few data, it is questionable whether high levels of prepartal 
tocopherol supplementation substantially increase the amounts of vitamin A in 
colostrum and early milk. 

The effect of feeding tocopherol supplements in conjunction with either nor- 
mal dietary sources of vitamin A or massive amounts of vitamin A alcohol on 
carotenoid contents of the early mammary secretions were variable, and no 
consistent trends were discernible (tables 2, 3 and 4). 

DISCUSSION 

Previous work (9) has shown that the levels of vitamin A and its state of 
occurrence were practically the same in the blood of cows given supplements 
of either esterified or alcoholic vitamin A. Therefore, differences in the form 
of vitamin A ingested would not be expected to affect the quantities of this 
vitamin eliminated in the mammary secretions. Results of the present study 
tend to substantiate the foregoing view. Recent studies of vitamin A blood 
levels of Holstein heifers (12) also indicate that cattle utilize vitamin A alcohol 
and vitamin A ester to approximately the same degree. 

'Several reports cited by Hickman and Harris (6) have indicated a syn- 
ergism between tocopherols and vitamin A in laboratory animals, but in an- 
other investigation (1) this relationship was not observed. Likewise, studies 
with cattle have not revealed this synergism when levels of vitamin A in either 
milk (5) or milk fat (14) were used as criteria. With the possible exception 
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of results on colostrum samples from cows given 10 g. of tocopherols daily, 
data reported herein are in accord with those from the foregoing milk investiga- 
tions. Since it has been indicated that tocopherols are effective in increasing 
liver storage of vitamin A only when given at proper levels (6), the possibility 
that the cows might not have received proper levels and ratios of vitamins to 
disclose a synergism whereby tocopherols affect the levels of vitamin A in 
colostrum and early milk should not be overlooked. 

Tocopherol supplements given to cows in post-colostral stages of lactation 
were reported to have increased concentrations of fat in the milk by 27 per cent 
(5), but in other trials the increases were not observed (3, 4, 14). The present 
study did not reveal any definite effect of tocopherol supplementation on either 
fat levels in or yields of colostrum. However, it should be noted that the fat 
content of early colostric secretions may vary widely among different cows and 
from milking to milking from the same cow (7). Thus, unless the effects of 
tocopherol supplementation are more marked than the normal variations, dif- 
ferences would not be detectable. 


SUMMARY 

The rations of dairy cows and heifers were supplemented with either various 
amounts of tocopherols or with large quantities of vitamin A ester, vitamin A 
alcohol or vitamin A alcohol plus tocopherols during the terminal 4 weeks 
(average minimum) of gestktion. The relative effects of these prepartal sup- 
plements on vitamin A and carotenoid concentrations of colostrum and early 
milk were investigated. 

Tn view of the individual variation observed within the same groups, differ- 
ences found in vitamin A concentrations in colostrum and early milk could not 
be ascribed to the form or combination of vitamin supplements given. Thus, 
vitamin A ester, vitamin A alcohol and vitamin A alcohol plus tocopherols ap- 
peared to be of a similar value in affecting increases in vitamin A levels of 
colostrum and early milk. 

Tn a trial with a limited number of cows, addition of tocopherols at various 
levels to barn rations did not increase substantially vitamin A content of colos- 
trum and early milk. 

Neither the form of vitamin A supplement given nor the addition of toco- 
pherols had a significant effect on carotenoid levels of the early mammary 
secretions. 
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THE NUTRITIVE VALUE ALFALFA HAY. III. CORN AS A 
SUPPLEMENT TO AN ALL-ALFALFA HAY RATION FOR MILK 

PRODUCTION^ 

C. F. HUFFMAN and C. W. DUNCAN 
The DepartmenU of Dairy and Agricultural Chemistry, 

Michigan Agricultural Experiment Station, East Lansing 

In previous reports from this Station (13, 14, 15, 16) , it has been demonstrated 
that milk production can be increased when properly depleted cows have had a 
part of the alfalfa hay in the ration replaced by concentrates on an equal total 
digestible nutrient basis. Several other investigators also have reported that 
cows fed alfalfa hay alone do not utilize efficiently the total digestible nutrients 
for milk production except in the early stages of lactation (8, 9, 11, 12, 19, 22, 23) . 
All of these results suggest the possibility that the decreased amount of milk 
produced by feeding alfalfa hay alone may be due to certain dietary deficiencies. 

Since alfalfa hay is sometimes low in phosphorus, Haag et al. (8, 10) deter- 
mined the phosphorus balances of cows on an all-alfalfa hay ration and found that 
the balances always were negative. Huffman and Duncan (17) have shown 
further that the addition of a phosphorus supplement in the form of bone meal 
to an all-alfalfa hay ration failed to prevent the decline in milk production. 

Haag (9) and AVriglit and Haag (27) showed that L-eystine had a favorable 
supplementary' effect upon rats when alfalfa leaf meal was fed at a 9 per cent 
protein level. On the other hand, Huffman and Duncan (14) reported that the 
ingestion of 20 g. of li-cystiiie per day per cow as a supplement to an all-alfalfa 
hay ration produced no significant effect on milk production. 

Kellner and Kohler (20) found that the addition of 1 kg. of digestible protein 
starch, cane sugar, crude fiber or fat per day to a maintenance ration of steers 
resulted in the production of 235, 248, 188, 253 and 474-598 g., respectively, of 
fat. Their experiments with concentrates and roughages also showed that the 
total digestible nutrients in roughages produced less than the calculated amount 
of fat. As a result of their work, the production of fat from digestible nu- 
trients would appear to vary with the crude fiber content of the ration. The 
higher the fiber content, the less the feeding value of the digestible nutrients. 
These results provide the basis of the present discount systems, such as “starch 
values'', “net energy values” and “productive energy values”, used in the 
evaluation of feedstuffs. Huffman and Duncan (15), using properly depleted 
cows, have shown that the addition of either corn starch or corn sugar to an 
all-alfalfa hay ration did not cause an increase in milk production. When 
6 lb. of corn replaced 6 lb. of starch or glucose, however, milk production 
always increased. The level of crude fiber in the rations remained unchanged in 
both the corn-feeding and starch- or sugar-feeding periods, which suggests that 
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the corn grain contributed a dietary factor or factors needed for milk production 
which are not present in the alfalfa hay or in the com starch or corn sugar These 
experiments also eliminated a lack of available energy as the factor responsible 
for the low producing power of alfalfa hay. 

Smith et al. (24) studied the effect on milk production by replacing 13 to 25 
per cent of the total digestible nutrients in an all-alfalfa hay ration, on an equal 
total digestible nutrient basis, with various concentrates. Soybeans were most 
effective in increasing milk production, whereas cane molasses and sugar were 
least effective. Davis and Kemmerer (1) reported that milk production was 
increased when dried grapefruit peel was added to an all-alfalfa hay ration. 

The investigation reported in this paper was made for the express purpose of 
obtaining additional information on the amount of milk produced when a part of 
the digestible nutrients in alfalfa hay was replaced with com. 

EXPERIMENTAL 

Seven Holstein cows (A5, A18, D5, D12, D14, 266 and 267), three Jersey 
cows (74, 77 and 78), and two Brown-Swiss cows (A45 and 238) were used in 
the 15 trials reported in this paper. Cows A5, A18 and D12 were used on two 
different trials but with different hays. 

The depletion technic developed at this Station to exhaust the cows of their 
reserve milk-producing factors consists of the following practice : The cows are 
placed on an all-alfalfa hay ration (a) either at the time of parturition or (b) at 
an advanced stage of lactation and are continued on this regime until they are 
depleted of the factor(s) needed to balance the total digestible nutrients in the 
hay. The depletion period usually required from 6 to 8 weeks for almost all of 
the cows used in this study; however, the cows in a more advanced stage of 
lactation usually were depleted within 2 weeks. Depletion of the factor (s) was 
indicated by an initial decline and then' a leveling-off in milk production. Both 
types of depleted cows were used in this study. The period just prior to the 
replacement of a part of the total digestible nutrients with corn was used as the 
basal period — ^usually a 15-day period. The cows were fed twice a day and had 
water available in drinking cups at all times. They were weighed at the same 
hour every third day. The cows were milked twice a day and tlie milk was 
weighed after each milking. The equivalent number of pounds of 4 per cent fat- 
corrected milk was calculated by the formula proposed by Gaines (4). Three- 
day composite samples were taken for butterfat determinations. 

The 11 alfalfa hays used in this investigation represented 8 crop years. Most 
of these hays were, or would have been, graded U. S. grade no. 2 as to color and 
leafiness, second cutting, and harvested at about the half -bloom stage. The hay 
fed to A45 was a mixture of alfalfa and alsike clover. The digestible protein and 
total digestible nutrients of all of the hays were determined by digestion experi- 
ments by using either yearling heifers, dry cows or cows in milk, except those 
hays used in trials 1, 3, 8 and 15. Ten-day collection periods were used for the 
determination of these data. The animals were fed the hays under consideration 
for from 10 days to several months prior to the collection periods. The digestible 
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TAllLE 1 

Ihscriptitm of the haita, their cheviwal vomposiiion and ihetr actual or 
calculated coefficients of digest ihiiit p 


Trial 

uo. 

(^)W 

no. 

Mois' 

turo 

Ash 

Pro- 

tein 

Ether 

ext. 

Crude 

fiber 

N.P.E. 

UiK- 

pro- 

teins 

T.D.N. 

DescTiption of 
the hays 



(%) 

(%> 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 


J« 

1)1 

12.0 

7.19 

15.8 

2.18 

25.4 

30.8 

11.7 

50.7 

t-.S. No. 2, 2nd cut. 





74h 

33 

43 

72 



alf., 1936 crt)p 

o 

1)12 

J3.1 

<l.fi5 

15.0 

1.80 

27.2 

.30.3 

10.2 

49.7 

V.H. No. 1, 3«t cut. 





08 

17 

50 

05 



bull alf., 1937 croi> 

[i 

l>14 

13.8 

7.82 

10.4 

1.80 

28.3 

31.9 

11.8 

48.0 

r.S. No. 1, 2nd cut. 





72»* 

34 

4.3 

71 



alf., 1937 crop 

4 

74‘* 

11.9 

a.SH 

15.<i 

2.77 

28.0 

34.9 

10.2 

47.2 

T.S. No. 2, 2ntl cut. 


200 

7a 



OS 

28 

.39 

09 



alf., 1938 Cl op 


230 

14.2 

5.94 

lO.O 

2.18 

31.0 

30.1 

11.5 

46.1 

Ungraded, 2iid cut. 





09 

10 

47 

0.5 



alf., 19:48 crop 

« 

1)5 

10.7 

0.31 

14.9 

2.3:1 

27.0 

38,8 

11.0 

52.3 

U.S. No. 3, Ist cut. 





71*' 

:i3 

43 

72 



alf., 1939 crop 


A1S‘* 

1(*,9 

0.70 

15.9 

2,59 

28.1 

;i5.8 

11.8 

51.7 

Ungraded, 2n<l cut. 

n* 

A. 5 



74 

32 

4.5 

71 



alf., 1941 crop 

11 

77 

ll.M 

0.30 

lO,,! 

1.07 

29.9 

:33.8 

11.1 

48.3 

TT.S. No. 1, Ist cut. 





07 

(i 

.50 

05 



bud alf., 1941 crop 

pj 

A 5 

15.4 

5.89 

13.1 

1.72 

28.1 

35.8 

8.8 

49.3 

Ungraded, 2ntl cut. 





07 

37 

00 

02 



alf., 1942 crop 

13 

AlSd 

13.0 

0.43 

14.6 

1.74 

28.0 

.35.0 

10.5 

49.7 

Ungraded, 2n(l cut. 

14 

207 



'•rt 

3!t 

47 

08 



alf., 1943 crop 

15 

A4rj 

1(» 5 

5.99 

14 2 

2.01 

.10.4 

.30.!) 

10.2 

51.0 

Ungraded, Ist cut. 





7-‘\ 

:i4 

43 

71 



alf.-alsike, 1944 crop 


« Tlio firHt liiH* in (‘nch tri«] u*jiroH<‘Jiti!» tin* r'lomicnl composition of the hay. 

’> Tin* sccomi line in each trial rciu*<‘.sciitH the coefUritmts of ilierestihilitv of the variniiR hay 
fractions. Those market! with footnote** repiosent the calculated values, whereas all other values 
were tihtaiiied e\jH'rimentall\ . 

< Three cows <74, :iti<> ami 7S^ weie fetl this hay. 

•Two cows eat'fi in trials 9 and 10 and Kt ami 14 were fed the same hay. 

protein Hinl total <lifr(*sTiblt* nutrient eoiiteiits of the (dher 4 hays Avere ealeulated 
from the eliemieal analyst's and liy the use of tin* eoeffieients of digestibility 
reeomim'udotl by Morrison (21). The hay data are presented in table 1. 

T.MtLE 2 

The chimirul cow posit ton, digestible protein and total digestible nutrient content 
of the corn used in each trial 


Trial 

no. 

Cow 

no. 

^loisture 

Ash 

Urotein 

Ether 

ext. 

Crude 

liber 

N.F.E. 

Dig. 

})ri)teiii 

T.D.N. 



(%) 

(7c) 

(%) 

(%) 

(%) 

(%) 

(7c) 

(%) 

1 

T)12 

17.2 

2.71 

9.94 

4.09 

2.00 

64.1 

7.7 

76.7 

o 

1)12 

12.9 

2,97 

9.19 

3.49 

2.20 

69.3 

7.1 

79.8 

3 

1)14 

12.7 

2.05 

10.13 

4.23 

1.93 

69.0 

7.8 

81.7 

4 

74 

i:i.6 

4.73 

8.62 

3.92 

2.63 

66.5 

6.6 

77.9 

5 

266 

12.6 

3.10 

9.44 

4.00 

3.02 

67.8 

7.3 

80.2 

6 

78 

12.6 

.3.10 

9.44 

4.00 

3.02 

67.8 

7. .3 

80.2 

7 

239 

13.7 

2.43 

9.1.3 

2,32 

:j.i9 

69.2 

7.0 

78.0 

8 

1)5 

13.1 

1.77 

8.93 

3.58 

2.88 

69.7 

6.9 

80.6 

9 

A18 

12.5 

1.92 

8.94 

4.36 

3.01 

69.3 

6.9 

81.8 

10 

A5 

12.5 

1.92 

8.94 

4.36 

3.01 

69.3 

6.9 

81.8 

11 

77 

12.5 

1.92 

8.94 

4.36 

3.01 

69.3 

6.9 

81.8 

12 

A5 

14.2 

2.22 

9.06 

3.95 

2.57 

68,0 

7.0 

79.6 

13 

A18 

12.2 

2.44 

8.33 

4.22 

2.72 

70.1 

6.4 

81.7 

14 

267 

12.’2 

2.44 

8.33 

4.22 

2.72 

70.1 

6.4 

81.7 

15 

A45 

13.4 

2.65 

7.88 

3!86 

:i.()i 

69.2 

6.1 

80.0 
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Number 2 yellow dent ooni was jrround to medium fiueuess and used in all of 
the trials. The digestible protein aiid total digestible nutrient (‘ontents of the 
various batches of corn were calculated from actual chemical analyses and the use 
of the coefficients of digestibility recommended by Morrison (21). The corn 
data are preseut<‘d in table 2. 

Short-time exj)erimental periods, usually lo-daj'^ periods, were used in order 
to minimize the effect of the natural tendcm^y of cows to decline in milk with the 

TABLE 3 

The data pertaining to the stage of lactationy body urighls, the average daily yield of 4 per vent 
fat-corrected mdic, alfalfa hay and corn intakes and the total digestible 
nutrients mu t red and required 


Trial 

(-OW 

Exptl. 

In 

Body 

E.C.M. 

Feed intake of : 

T.D.N. 

no. 

1)0. 

period 

milk 

wt. 

Yield 

liier. 

Hay 

(’orii 

1).P.« 

Rec. 

R«q. 



{days) 

(days) 

(lb.) 

(lb.) 

(%) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

lb 

D12 

15 

120 

1191 

23.0 


44.6 


5.22 

22.6 

16.6 



33 

135 

1225 

31.2 

.35.7 

30.0 

9.0 

4.20 

22.1 

19.4 

>) 

D12 

15 

179 

1260 

25.2 


45.0 


4.59 

22.4 

17.8 



32 

194 

1273 

20.0 

15.1 

30.0 

9.0 

3.70 

22.1 

19.1 

3 

1)14 

9 

110 

1245 

23.3 


44.2 


5.2‘* 

21 2 

17.1 



15 

119 

1233 

26.1 

12.0 

29.7 

9.0 

4.20 

2L6 

17.8 

4 

74 

15 

324 

770 

11.3 


27.4 


2.79 

12.9 

9.9 



9 

339 

763 

12.6 

11.5 

11.3 

9.0 

1.74 

12.3 

10.2 

5 

266 

15 

152 

1020 

16.0 


35.6 


3.63 

16.8 

13.2 



15 

167 

999 

19.4 

21.3 

20.0 

9.0 

2.70 

10.6 

14.1 

fi 

78 

15 

261 

890 

8.4 


24.2 


2.47 

11.4 

9.8 



15 

27)1 

845 

11.0 

31.0 

To!o 

9.0 

1.68 

11.9 

10.4 

7 

230 

0 

99 

1143 

23.4 


41.2 


4.74 

19.0 

10.4 



18 

108 

1116 

26.8 

14.5 

27.0 

9.0 

3.71 

19.4 

17.3 

8 

1)5 

12 

155 

1067 

12.1 


34,4 


3.78 

18.0 

12.2 



15 

167 

1065 

14.0 

15.7 

20,0 

7 .5 

2.72 

16.5 

12.8 

y 

A18 

12 

262 

1214 

14.4 


38.8 


ZUH 

20.1 

13.9 



15 

274 

1189 

18.3 

27.1 

24.9 

9.0 

3.56 

20.2 

15.1 

10 

Ao 

12 

183 

1155 

15.6 


34.1 


1.02 

17.6 

13.9 



15 

195 

1134 

21,3 

i)6.5 

20.0 

9.0 

2.98 

17.7 

15.7 

11 

77 

18 

144 

768 

16.0 


24.8 


2.75 

12.0 

11.4 



15 

162 

741 

17.4 

8.8 

15.0 

6.0 

2.08 

12.1 

11.7 

12 

A5 

15 

276 

1193 

16.0 


39.7 


3.49 

19.6 

14.3 



21 

291 

1196 

18.9 

18.1 

25.0 

9.0 

2.83 

19.5 

15.3 

13 

A18 

24 

265 

1187 

11.8 


34.5 


3.62 

17.1 

13.0 



30 

289 

1207 

12.7 

7.6 

20.0 

9.0 

2.68 

17.3 

13,3 

14 

267 

15 

228 

1238 

15.5 


34.9 


3.66 

17.3 

14.5 



24 

243 

1200 

17.8 

14.8 

20.0 

9.0 

2.68 

17.3 

15.0 

15 

A45 

12 

266 

1006 

7.0 


28.7 


2.93 

14.6 

10.2 



15 

278 

1003 

9.6 

,37.1 

15.7 

6.0 

1.97 

12.8 

11.0 


* D.P. = digestible iirotcin. 

» The first line in each trial represents tlie all-Jilfalfa hay ration, whereas the second line 
represents the alfulfa-eorn ration. 


Kdvautic in lactation. Thu leiiffth of the periods when the hay-uorn ration was 
fed varied in a few eases from 8 to 32 days. The data showing the effect of re- 
plaeiftg a part of the total digestible nutrients in hay with an equal amount of 
total digestilile nutrients in the form of corn are presented in table 3. The imme- 
diate effect on milk production in properly depleted cows when they are changed 
from an all-alfalfa hay ration to a hay-corn ration and back to an all-alfalfa 
hay ration again is strikingly illustrated in figure 1 . The average daUy milk pro- 
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duction of 5 typioal cows (AT), AIS, DVJ, 1)14 and 266) was used in th(‘ pr*t*para- 
tion of this figure, 

UP.srLTS 

The data showing the stages of iaetalioii. body weights, the average* daily 
yields of 4 per eeiit fat-eorreeted milk, hay and eorii <*onsnm])tion, the total digest- 
ible nutrients received and re(|uir(‘d and the digestible protein intake are pre- 
sented in table 3, "Wh(*n corn replaei»d a part of the Imy. there w'as a marked 
reduction in digestible proti*in intake. Xijie pounds of corn replaced about 15 
pounds of alfalfa hay in 12 trials. In the <-ase of e(»w 1)12 (trial 8), 7.5 lb. of 
corn replaced 14.4 Ib. of hay, whereas in trials 11 and 15. 6 lb. of (*orii replaced 
9.8 and 13 lb. of hay, r<*.spectively. 



Fig. 1. The cfTect on iiulk jnoiliictioii in pjo|H*rl\' duplctCMl cows when ohnnged from an 
all-alfulta hay ration 1o an allalfa-eorn nitiou niul hack again to an all-alfalfa hay ration. 
(Av. for rowH) 

The cows used in trials 5, 9, 10-14 consumed either the .same amount or within 
plus or minus 0.2 lb. of total digestible nutrients per day during both the alfalfa 
bay arnl alfalfa-corn feeding periods. The eows used in trials 1, 2, 4, 8 and 15 
consumed from 0.3 to 1.8 lb. less total digestible iiiitri(*iits per day during the 
alfalfa-eorn teeding periods than during the alfalfa bay periods. The cows us(*d 
in trials 3, 6 and 7 eonsuim*d from 0.4 to 0.5 lb. more total digestible nutrients 
during the alfalfa-eorn periods than during the all-alfalfa hay period. In all 
trials, how’ever, the total digestible nutrient intake was greater than that requireii. 

Insofar as possible, 15-day experimental i)eriods were used in both the alfalfa- 
<‘orn and all-alfalfa bay feeding periods. In the case of the I'ows used in trials 3. 
7. 8, 9, 10 and 15, shorter perioils were utilized because they bad become depleted 
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sooner. On the other hand, cows 77 (trial 11 ) and A18 (trial 13) did not become 
entirely depleted in the usual length of time. Cow 74 (trial 4) only remained on 
the hay-corn ration for 9 days, since it became ne<‘essary to discontinue milking in 
preparation for the next calving. In the ease of cow D12 (trial 2), the shorter 
hay-corn period was necessitated because of the limited amount of alfalfa hay cut 
in the bud stage. (Ws D12 (trial 1), 239 (trial 7), A5 (trial 12), A18 (trial 13) 
and 287 (trial 14) w’ere iM^ntinued on the alfalfa-corn ration for more than 
15 days. 

Th(^ stage of lactation at the beginning of the alfalfa hay fee<ling period 
varied from 99 to 324 days. The mean body weights show' there w»as a negligible 
loss of weight in 11 trials (maximum loss 45 lb., average 20.7 lb.) when the cow's 
W’ere changed from hu all-alfalfa hay ration to an alfalfa-corn ration, and a gain 
in weight in 4 trials (maximum gain 34 lb., average 17.5 lb.). The gains or losses 
in w^eight do not appear to be signihcarit in view* of the relatively short periods 
employed and the reduction in dry matter intake during the alfalfa-corn feeding 
periods. 

Since there W'ere no signiticant ilifferences in the per cent of fat in the milk 
betw'cen the all-alfalfa hay and alfalfa-corn feeding j)eriods, only the average 
daily milk production records, on the 4 per cent fat-corrected basis, are presented. 
The increase in milk production varied from t).9 to H.2 lb. per day when i)art of 
the hay was r(‘placed by (‘orn on an ecpial total digestible nutrient basis. The in- 
creases varied from 7.6 to 37.1 j)er cent. In 6 trials, the increase was more than 
20 per cent, w’hereas the increase w^as only 12 })er cent or less in 4 trials. The 
wdde dilferences in response to the change from the all-alfalfa hay ration to alfalfa 
and corn are attributed to variations in the hay, stage of lactation, stage of gesta- 
tion, and inheritance for milk production. 

DISCUSSION 

The partial replacement of alfalfa hay with corn in the ration of proi)erly 
depleted cows resulted in an increa.se in the prodiudion of 4 per cent fat -corrected 
milk. These results appear significant in view of the fact that 11 different hays 
were used, representing 8 different crop years. Although two of these hays w'ere 
cut in the bud stage (trials 2 and 11), milk production increased above the all- 
alfalfa hay ration when corn replac^ed part of the hay. The greatest percentage 
increase in fat-corrected milk occurred in trial 15, where only 6 lb. of I'orn replacc<l 
13 lb. of first cutting alfalfa-alsike clover hay. This cow had completed 278 days 
of lactation at the time of the cdiange, yet she w’as able to produce 2.6 lb. more 
fat-corrected milk per day during the 15-day period than w^hen on hay alone, or 
a 37.1 per cent increase. Cow 74 (trial 4) produced 1.3 lb, more fat-corrected 
milk per day after she was changed to an alfalfa-corn ration on the 339th day of 
lact« ^ion. The increased fat -corrected milk resulting from the partial replace- 
ment of the total digestible nutrients in hay with corn is in agreement with the 
results of Smith et at. (24), who reported an increase in milk production when 
a part of the total digestible nutrients of an all-alfalfa hay ration was replaced 
by either fish meal, meat meal, beet pulp, wheat bran, blood meal, pea meal or 
M<>ylw»an meal. 
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The ill) prove rupiit in milk proilin'tioii which resulted from partial replacement 
of the total dijrestible nutrients of alfalfa hay with corn was not due to an in- 
creased intake of difrestible j)rotein siime there was a marked reduction in 
dij^'cstible protein intake duriiij^ each alfalfa-corn feedinjr period. The possibility 
of an amino acid <iefi<*iency appears unlikely in view of the earlier >vork w’hich 
indicated that the infrestion of <‘ystiiic as a supplement to an all-alfalfa hay ration 
failed t(» frive a favorahh* resj>ons(* (14). Smith cf al. (24) concluded that there 
were no indications that improved milk firoduction resulted from improvinjr the 
(piality of protein in the ration. 

The milk production obtaincii <iurin^ the all-alfalfa hay feeding periods was 
not due to a lack of available ciierfry, inasmuch as it previously has been shown 
that the addition of corn starch or (*orn sujrar failed t(» increase milk production 
in j)roperly depleted cows (15). These findiims aiv supported by those of Smith 
ft al. (24) who found that milk production always was less when su^ar or 
molasses were added to the ration than with any other concentrates tested. The 
total dijfcstible nutrient intake always was in excess of that recpiired when the 
cows were on the all-alfalfa hay ration. 

Ill this i n vest ijrat ion the increased milk prodmdion which resulted from 
replacin^r a part of the hay with corn, on an equal total dijrestiblc nutrient basis, 
was as.sociated with a redmdion in the cnule fiber intake. Kellner and Kohler 
(2(1) fed steers a maintenance ration and then superimposed various feeds on it 
to study chancres in body weijfhts. They concluded that the productive values 
of rou<i:hajres varied with the crude fiber content. These iuvestig:ators used the 
term “starch value’’ to denote the probable nutritive value of feeds by dis- 
('oiintinfr the total dijrestible nutrients on the basis of their crude fiber content. 
In a previous publication (15), data have been presented w'hich indicate that the 
level of crude fiber in the ration does not offer an adequate explanation of 
Kellner's hypothesis, be(‘ause the replacement of (> lb. of starch or jrlucosc by (i 
lb. of wheat or corn always resulted in an increase in milk pr(»ductiou. These 
results serve to indicate that coni contains an unidentified faclor(s) m^eded to 
balance the d(*ficiencies present in an all-alfalfa hay ration. Additional evidence 
has bcmi supplied by {Trav(»s ft al, (5, (i) to show that the total dijrestible nutrient 
discount system, based entindy on crude fib(*r, does not apply to alfalfa hay. 
Tliese investigators reported that cows produced 2.JMi lb. of fat-corrected milk 
per lb. of total digestible nutrimits intake on an all-alfalfa hay ration and 2.50 lb. 
of milk on an alfalfa hay-grain ration, but the cows on the hay-grain ration 
produced more pounds of milk per lactation period than those on alfalfa alone. 
Tin* reduced effi<*iency of total digestible nutrient utilization by the cows on the 
hay-grain ration probably W'as due to the higher plane of nutrition. (Jraves (7). 
however, attributes the lower lactation records of the cows on alfalfa alone to 
their inability to consume sufficient total digestible nutrients, rather than to a 
deficiency in the bay. The alfalfa hays used in the above experiment were 
grown at Huntley, Montana, Woodw'ard, Oklahoma, and Mandan, North Dakota, 
and contained 31.3, 29.2 and 31.5 per cent crude fiber, respectively. These hays 
contained more crude fiber than most of the hays fed in the present investigation. 
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Several investij^ators ha\T pointed out that the total digestible nutrient 
content of a ration composed of alfalfa alone is not utilised eflSciently for milk 
production except during the early stages of lactation (8, 9, 11, 12, 19, 22, 23). 
An increase in the digestibility of the ration when corn replaces a part of the hay 
is unlikely in view of the results obtained by Watson et al, (25) with steers and 
sheep. They found that the digestihility of barley was the same when it was fed 
in combination with timothy or alfalfa hay as when fed alone. Forbes et al, (2) 
fed steers alfalfa hay alone, corn alone, and alfalfa plus corn and concluded from 
this work that the digestibility- of corn meal is not materially different when fed 
in combination with alfalfa or w hen fed alone. They also observed that the heat 
increment per pound of dry matter consumed w as higher when alfalfa liay or corn 
was fed alone* than when a (fombination of the two was fed. This is further 
evidence to indicate that the in<*reased efficiency in milk production obtained 
when a part of the total digestible nutrients in an all-alfalfa hay ration is replac^ed 
with corn is duo to an unidentified factor ( s) in the corn, rather than due to an 
excess of crude fiber. 

The possibility that the m ilk-stimulating effecd produced by corn is a riiinen 
phenomenon is suggested also by the work of Forbes ef al, (2). who found that 
more methane was produced when a mixed ration of alfalfa and c(»rn was fed than 
when either constituent was fed alone. Hunt et al. (18) reported that the 
addition of ground «*orn to the hay ration of .steers resulted in an increased syn- 
thesis of ribofiavin. 

The immediate effect on the milk production of projierly depleted cows when 
part of the alfalfa hay is replaced with corn, on an equal total digestible nutrient 
basis, is shown in figure 1. A marked increase in milk production occurs on the 
second day following the inclusion of (*orn in the ration and persists until the 
peak of production is reached in about 7 to 10 days. Wlien corn is removed from 
the ration, a significant drop in milk production occurs on the second day and the 
downward trend continues for about a w’eek or longer before production tends 
to level out. 

SUMMARY 

Tw^elve cows which had been depleted of their reserve milk-pro<hicing fac- 
tor (s) on an all-alfalfa hay ration were used in 15 trials to study the effect on milk 
production after a part of the total digestible nutrients in alfalfa had been 
replaced with corn. Eleven different hays representing 8 crop years were used 
and each experimental period averaged 15 days in length. 

The replacement of a part of the alfalfa hay with <*om, on an equal total 
digestible nutrient basis, always resulted in an increased production of 4 per cent 
fat-corrected milk. 

Milk production increased markedly during the second day following the 
ehange to the alf alfa-com ration and persisted for 7 to 10 days before reaching a 
plateau. An equally sharp drop in milk production occurred on the second day 
following the change to an all-alfalfa hay ration and the drop continued for ope 
week or longer before production stabilized at a Wer level. 
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Possible explanations tor tlie in(*reas<»d production are discussed. 

The results of this investigation indicate that the <‘orn grain supplied an 
unidentified factor (s) ne<>ded to balance alfalfa hay for inilk yjroduction. 
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THE YEAST IN THE SURFACE SMEAR OP BRICK CHEESE^ 


K. K. IYA2 AND W. a FRAZIER 
Department of Agricultural Bacteriology 
Ufiivereity of Wieconsin^ Madieon, fVieeonfdn 

In the manufacture of brick cheese, the appearance of a slimy surface smear, 
slightly orange in color, is a prerequisite for desirable qualities in the finished 
cheese. This surface smear has been investigated by several workers. Langhiis 
ct al, (1) showed that the smear contained micrococci, Bacterium linens and 
some * ‘ yeast-like ’ ^ organisms. It was felt that a study of the yeast and its 
probable role in the ripening of brick cheese might yield interesting results. 

The samples of brick cheese either were prepared in the Department of 
Dairy Industry at this University or were obtained from factories located in 
the vicinity of Madison. Contact smears of the surface of the cheeses were 
made on successive days after the salting of the cheese, and the mi(irobial types 
were examined. The cocci d<*veloped first within 3 days. Between the third 
and the eighth day after salting of the cheese, the yeasts made their appearance, 
increased in numbers and gradually disappeared. After about the eighth day, 
mi(*ros<*opic examination revealed large numbers of gram-positive rods which 
were identified as B. linens, dn a few days the smears showed practically only 
B. linens. 

The yeast was isolated in pure culture and, as a result of a study of its 
various characters, w^as identified as a M ycorlerma species of the family Crypto- 
coccaceae, according to the system of Dodder as described by Skinner et al. (2). 

The yeast forms a dry wrinkled pellicle on liquid media in 24 hours at 
room temperature. It grows well at temperatures ranging from 10 to 30° C.. 
hut poorly at 37° C. The pH range for the growth of the yeast was found to 
he between 3.0 and 8.0. The yeast was able to tolerate sodium c-hloride in a 
concentration ranging from 0 to 15% and to utilize glucose, lactose and lac- 
tates. 

In an experiment where glucose, lactose and sodium lactate were used as 
sonnies of ecpiivalcnt amounts of carbon in an otherwise complete me<lium ad- 
justed to pH 4.7, the growth of the yeast for 4 days at 30° C. resulted in a 
shift of the pll of the medium to 3.5, 3.0 and 0.3 for glu(*ose, lactose and sodium 
lactate, respectively. This is significant bet^ausc in brick cheese the yeast prob- 
ably metabolises the lactate, causes a shift in the pH of the medium towards 
neutrality and thus favors the growth of B. linens. It was found that 
linens would not grow well in media having a reaction more acid than pH 5.5. 

The pure culture of the yeast then was grown for about 7 days in a lactate 
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broth and filtered through a Seitz filter. The filtrate, containing producta of 
the activity of yeasts in the medium, was added in graduated amounts to a 
medium which by itself did not support the growth of B. linens. Upon inocu- 
lation and incubation of the medium at 30° (1., the addition of the yeast filtrates 
markedly stimulated the growth of B. Unen.<t. This stimulation of growth was 
confirmed by means of turbidimetric observations with a Klett-Summerson 
colorimeter. Therefore the yeast in brick cheese may be considered to stimu- 
late the growth of B. linens, probably by providing the bacterium with some 
accessory growth factors. 

SUMMARY 

The role of the yeast in brick cheese seems to be as follows: 

1. The yeast metabolises the lactates in the cheese, causing a shift of pH 
towards neutrality. This favors the growth of Bacterium linens, which is un- 
able to grow in an acid environment. 

2. In addition, the yeast supplies B. linem with some essential growth 
factor, or factors. 

ACKNOWLiRDOMENT 

We wish to thank Dr. W. V. Price for his helpful suggestions during the 
course of this work. 

• REFERENCES 

(1) Lanohub, W. L., Peice, W. V.. Sommer, H. H., akb Frazier, W. C. The Smear of 

Brick Cheese and its Relation to Flavor IVvelovment. J. Dairy Rci., 28, 11: 827- 
8.88. ISd.*;. 

(2) SKiNNia, C. E., Emmons, C. W.. anb TsrfiiiyA. H. M. Henrid’s TeasU, MoMs and 

Aeti'nim)ii‘efeii. 2nd ed. John Wiley &* Sons, Tnc.. N. Y. 1947. 



ASSOCIATION ANNOUNCEMENTS 


PROGRAM 

PORTY-FOURTH ANNTTAL MEETING 
OP THE 

AMERICAN DAIRY SC1EN(T. ASSOCIATION 

t'MVKRKlTY OP MIXNKHOTA 
MINNEAPOT.Tf; AND RT. FAUT., MINNEflOTA 
.IITNE 21-23, 1949 


OKNKKAI.: 


f^ROCJRAM COMMITTEE 

M \M'K\(TITRINU: 


F. H. Tkacy, [ItlnoiH 
Chairman 

J. B. Pitch, Minnenotii 

KXTKNHIOH: 

O. Hkkbink, Wi^Mt VirRiuiH ^ 
Chairman 

Kav AnBRKOHTSEN, Ncw York 
H. K. RRABiiRS, MiiincBota 
i\ W. Hkavf. 8, Florida 


E. M. Barker, MinnoHota 
Chairman 

D. V. .JoBKPiisON', JVtin8.ylvaiiJA 
J. H. Hetrick, Illinois 

PHOorcTiox : 

A. Moork, Beltsville, Md. 
Chairman 

(J. H. Wise, North Carolina 
O. M. (\\iRKH, Maryland 


OENBRAI. PROGRAM 
Monday , June 19 i 9 

12:(X) Noon Open for Repstration, Coffman Memorial Union 
7:00- 9:30 Repstration and Informal Gathering, Coffman Memorial 
Union 

Tui'Sflay, Jvne 21, 1949 
8 : 00 llisniSTiiATiON 

9 : 30-12 : 00 Ofenino Sessions, Mah Ballroom, Coffman Memorial Union 
J. B. Fitch, Dairy Division, University of Minnesota, 
presiding 

Address of Welcome 

J. L. Morrill, President, University of Minnesota 

Presidential Address 

W. E. Petersen, Dairy Division, University of Min- 
nesota 

Cholesterol and the Problem of Aging 

Ahcesj Keys, Director of Lahorafory of Physiological 
Hy^ene, University of Minnesota 



478 


JOURNAL OP OAIRT SriENOE 


1 : 30- 4 : 30 SECTIONAL MEETINGS 

Production Section A 

Genetics and Endocrine Investigations 
Boom 31 Zoology Bldg. 

Production Section B 
Calf Problems 
Boom 06, Botany Bldy. 

Manufacturing Section 

Cream, Dry Milk, lee Cream, Sherbets 
Avdiforium, Museum of Natural History 
Extension Section 

Dairy Herd Improvement Associations 
Boom 320, Coffman Memorial Union 

4:30 Tour op Land O ’Lakes Creameries, Inc., Plant and 

Offices 

6 : 00 Dinner and Entertainment 

Courtesy of Land O ’Lakes Creameries, Tnc. 

Wednesday y June 22, 1949 

9 : 00-12 : 00 Section aIj Meetings 

Production Section A 

Temperature Effects, Vitamins 
Boom 06, Botany Bldg, 

Production Section B 

Forages, Growth, MetalKilisni 
Boom 313, Zoology Bldg, 

Manufacturing Section 

Symposium on Milk Proteins 
Audiioriumy Museum of Natural History 
Extension Section 

Teaching Methods and Exhibits 
Boom 320, Coffman Memorial Union 

1 : 00 Association Photograph 

1 : 30~ 4 : 00 Sectional Meetings 

Production and Extension Sections 
Auditorium, Physics Bldg. 

Panel Discussion — The Job of Herd Improvement 
Manufacturing Section 
Chemistry 

Auditorium, Museum of Natural History 

4: 15 ‘‘Brucellosis in Man” 

W. W. Spink, Professor of Medicine, University of Min^ 
nesota. Auditorium, Physics Bldg. 

6:00- 5:30 Committee and Business Meetings 
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8:00 

9:Oa»12 


1 : 30 - 3 


3 : 00 - 5 
7:00 


1:00 

4:30 


Reception and Dance 
Ballroom^ Coffman Memorial Union 

Thursday, June 23, 1949 

00 Seitionaj. Meetinos and Business Meetings 
Production Section A 

Mammary Secretion, Mastitis 
Room 313, Zoology Bldg. 

Production Section B 
Semen Techniques 
Room 06, Botany Bldg. 

Manufacturing Section 

Chemistry, Microbiology, Standards 
AudHoriiim, Museum of Natural History 
Extension Section 

4-11 Club Work and Coinmitlee Keports 
Room 32(i, (* off man Memorial Union 
00 Sectional Meetings 
Production Section A 

Feeding and Management 
Room 313, Zoology Bldg. 

Production Section B 

Semen Metabolism, Reproduction 
Room 06, Botany Bldg. 

Manufacturing Section 
Dry Milk, Cheese 

Auditorium, Museum of Natural History 

Extension Section 
Dairy Breeding 

Room 320, Coffman Memorial Union 
00 Business Meeting op the Association 
Auditorium, Museum of Natural History 
Annual Banquet, Installation of Officers and Presen- 
tation OP Awards, Ballroom, Coffman Memorial Union 

PROGRAM OF ENTERTAINMENT 
(Priiieijmlly for the Ladies) 

Tuesday, June 21, 1949 

•Luncheon, llaclisson Hotel, Minneapolis. 

Courtesy of Milk Dealers of the Twin Cities, Tee Cream 
Manufacturers, and Twin City Milk Producers 
Association. 

Tour, Ijaud 0 ’Lakes Creameries, Inc. 
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6:00 Dinner and Entertainment (Open to all registered) 

Court^esy o£ Land 0 'Lakes Creameries, Inc. 

Wednesday, June 22, 1949 

J2 : (X) *Lun('Heon and Entertainment, Nicollet Hotel, Minneap- 

olis; Entertainment by Home Service Department in 
Betty Crocker’s Kitchens. Courtesy of Genera) 
Mills, Inc. 

8 : 00 Recki'TIOn and Dance, Coffman Memorial Union. (Open 

to all registered) 

Thursday, June 23, 1949 

1 ; 00- 4 ; 00 ♦Bridob and Tea, Coffman Memorial Union. 

7:00 Banquet, Installation and Presentation op Awards. 

Ballroom, Coffman Memorial Union. (Open to all 
registered) 

* Opon to ladieM only. 

PROGRAM OF MANUFACTURING SECTION 
Tuesday, June 21 

Afternoon Session. Auditorium, Museum of Natural History 

1:30-4:30 CREAM, DRY MILK, ICE CREAM, SHERBETS. E. 

M. Barker, Chairman, 

Ml Body of Cultured Cream. B. 8. Guthrie, Cornell 
University, 

M2 The Anti-oxidant Properties of Nordihydroguaiaretic 
Aei<l in Cream. . Vijldimib N. Krukovsky, Dionisios 
A. The<.)kas and Frank A. Whiting, Cornell Uni- 
versity, 

M3 The Relation Between the Degree of Solidification of 
Fat in Cream and its Churning Time. J. Robert 
Brunner, Michigan IStafe College, and B. L. Jack, 
University of Califorma, 

M4 The Stability to Drying of Added Vitamin A to Spray 
Dried Milk. Floyd C. Olson, Ojesoboe W. Qbubbb, 
Robert Kozlik and Kermit Bbow’n, Maple Island 
Farm, Inc, 

M5 The Effect of Variations in Acidity on the Keeping 
Quality of Dried Milk. George B. Greenbank and 
Philip A. Wright, U.fif.D.4. 

M6 A Method of Measuring Ice Crystal and Air Cell Suse 
of Ice Cream by Microscopkal Examination. L. F. 
Blanton and W. 8. ARBtreaojs, North Carolina State 
College. 
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M7 The Use of Whey in Sherbets. F. B. Potter and D. 
H. Williams, IJ . 8 . D . A , 

M8 The Effeet of Some Emulsifying Agents on the Physi- 
cal-Chemical Properties of Ice Cream. J. J. Sheu- 
RiNO, Viiwersity of Georgia, Harry Pyenson and P. 
H. Tracy, University of Illinois. 

M9 Some Factors Infiuencing Shrinkage in Ice Cream. 

John J. Sheubino, University of Georgia. 

MIO The Manufacture of ‘‘Cultured’^ Tee Cream. W. IL 
B. Keid, j. H. Gholson, C. H. Agee and II. M. 
Hanckel, Missouri Agticultural Experiment Citation. 
Mil Utilization of Dehydrated Whey Solids in Ice Creams 
and Sherbets. J. H. Gholson, W. II. E. Reid, R. J. 
Basnett and R. M. Hanckel, Missouri Agricultural 
Experiment Station, 

M12 The llelalivc S>\e<»tness of Certain Corn Sweeteners in 
Ice Cream. L. D. Hilker, National Dairy Research 
Laboratories, Inc. 

Wednesday, June 

Morning Session. A^idiiorium, Museum of Natural History 

9 : 00-12 : 00 SYMPOSIUM ON MILK PROTEINS. J. II. Hetrick, 
Chairman, 

Important Considerations in Protein Chemistry Research. 
A. M. Swanson, University of Wisconsin, 

Crystalline Proteins from Milk Serum. 11. Kj.ostergaard 
AND J. D. Inglk, Swift d’ Co., Chicago. 

Discussion Leader; R. McL. Whitney. University of 
Illinois, 

Some Effects of Heat Treatment on the Serum Proteins of 
Milk. R. Jenness, Uvii^crsity of Minnesota. 

Discussion Leader: P. G. Miller, Carnation Co., Mil- 
waukee, 

Some Chemical and Physical Characteristics of Alpha and 
Beta Casein. E, C. Hagherg and A. M. Swanson, Univer- 
sity of Wiseo7isin, 

Discussion Leader ; Z. D. Roundy, Armour A Co., Chicago, 

Wednesday, June 22 
Afternoon Session 

1 : 00 Association Photograph. 

1:30- 4: 15 CHEMISTRY. D. V. Josephson, Chairman, Auditorium, 
Museum of Natural History, 
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M13 The Sizes of the Colloidal Protein Particles of Skim 
Milk. T. F. Ford and G. A, Bamsdell, Burem of 
Dairy Industry^ U,S.D.A. 

Ml 4 Determination of Reducing Groups in Proteins and 
in Milk with o-iodosobenzoate. Bruce Larscjn and 
Robert Jenness, University of Minnesota, 

M15 Isolation of Minor Organic Compounds From Heated 
Milk. Stuart Patih)n and David G. Keeney, Penn- 
sylvanla State College. 

M16 Milk Surfaces. Tl. Surface Tension Changes in Re- 
lation to Some Ti*eatments of Milk. C. H. Whitnah 
and W. H. C'HiiiSON^ Kamos Agricultural Experiment 
Station, 

M17 Turbidity as a Means for Detennining the Efficiency 
of Homogenization. U. S. Ashworth, State College 
of Washington, 

M18 The Instability of Ascorbic Acid in Water, with 
Added Copper or Hydrogen Peroxide or Both. R, 
W. Bell and T. J. Mucha, Bureau of Dairy Industry, 
U.S,D,A, 

M19 Deferment of an Oxidized Flavor in P^rozen Milk by 
Ascorbic Acid Fortification and by Hydrogen Perox- 
ide Oxidation of the Ascorbic Acid of the F'resh Milk. 
R. W. Bell and T. J. Mucha, Bureau of Dairy /w- 
dustry^ U,S,D,A, 

M20 Re-evaluation of the Ilortvet P\>rmula and Freez- 
ing Point Value of Milk in Estimating the Percentage 
of Added Water: W. A. Krienkb and L. R. Arring- 
ton, University of Florida, 

M21 Electrometric Titration of Milk and Dairy Products 
in the Determination of Titratable Acidity. W. A. 
Krienke, University of Florida, 

M22 Preliniinarj" Observations of the Effects of Ladino 
Pasture and Hay Feeding on Tocbpherol Content of 
the Fat and Stability of Milk. Vladimir N. Kru- 
KOVSKY, J. K. Loosli AND DiONisxos A. Theokas, Cov- 
nell University, 

M23 Effects of External Temperature and Pasturage on 
the Degree of Unsaturation of Milk Pat. B. E. Bart- 
ley, E. W. Bird, C. Y. Cannon and J. 11. Zaletel, 
Iowa State College. 

M24 Separation of Patty Acids by liisplacement Chroma- 
tography and its Application to Analysis of Butter 
Pat. Ralph T. Holman and Lennart Hagdahl, 
Texas A. and M. College. 
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M25 Some Observations on Fat Fractions from Butter Oil. 
Arthur T. Mussett, Stuart Patton and Chester D. 
Dahle, Pennsylvania State College. 

4: 5:00 GENERAL SESSION. Auditorium, Physics Bldg. 

Brucellosis in Man, W. W. Spink, Professor of Medicine, 

University of Minnesota. 

5:00- 5:30 SECTION BUSINESS MEETING. Auditorium, Mu- 

seum of Natural History. 

Thursday, June 23 

Morning Session. Auditorium, Museum of Natural History 

9:00-11:00 CHEMISTRY, MICROBIOLOGY, STANDARDS. J. 

H. Hetrick, Chairman. 

M26 The Steam Distillation of Stale-flavor Component 
from State Butteroil. R. McL. Whitney, Katherine 
Paulson and P. H. Tract, University of Illinois. 

M27 The Extraction of Stale Butteroil from Stale Dried 
Whole Milk by Organic Solvents. R. McL. Whitney 
AND P. H. Tracy, University of Illinois. 

M28 Sanitary Standardization of Equipment Used in the 
Dairy Industry. B. H. Parfitt, Evaporated Milk 
Association. 

M29 Nutrition of the Lactic Group of Streptococci and its 
Relation to Bacteriophage Multiplication. E. B. 
Collins, F. E. Nelson and C. E. Parmelbb, Iowa 
Agricultural Experiment Station. 

M30 Thermal Death Time Studies of Coliform Bacteria in 
Milk. J. C. Olson, Jr., H. Macy and H. O. Halvor- 
SON, University of Minnesota. 

M31 Studies on Acid Production, Loss of Bacteriophage 
and Resistance of a Bacteriophage-sensitive Culture 
of Streptococcus lactis. H. F. Ford and F. J. Babel, 
Purdue University. 

M32 Variations Encountered in the Grading of Raw Milk 
with the Methylene Blue and Resazurin Reduction 
Tests. R. E. Lewton, D. M. Markland and F. J. 
Babel, Purdue University. 

M33 Standards for Grades of Milk for Use in Manufac- 
tured Dairy Products. C. J. Babcock and H. J. 
Emery, Manufactmred Dairy Products Division, 
U.S.D.A. 

M34 The Effect of Certain Metallic Ions on Germicidal Ac- 
tivity of Quaternary Ammonium Germicides. W. S. 
Mueller and D. B. Seeley, University of Massacku- 
setts. 

11:00-12:00 BUSINESS MEETING. 
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Tkvrtday, Jun» S3 

Afternoon Session. Auditorium, Museum of Natural Sistory 

1 : 30- 3 ; 00 DRY MILK, CHEESE. D. Y. Josbphbon, Chairman. 

1135 Optimum Consumer Preference for Dry Milk in 
Bread. B. L. Jack and (Maa) Y. M. Hatnbb, I7m- 
versUy of California. 

M36 The Util^tion of Boiler and Spray Dried Sweet 
Cream Buttermilk in Bread Making. J. Y. ^sobb, 
W. B. Combs, S. T. Couiona and B. B. Kocb, Univer- 
sity of Minnesota. 

M37 The Belation of Surface Growth to the Opening of 
Minnesota Blue Cheese. H. A. Mobbis, W. B. Combs 
AND S. T. CoTJiiTEB, University of Minnesota. 

M38 The Manufacture of Blue Cheese from Pasteurised 
Homogenized Milk. 1. 1. Pitfsbs and F. E. Nbuson, 
Iowa Agricidtural Experiment Station. 

M39 The Determination of Free Tr}rptophane in Cheese. 
Abthdb B. Ebbeson, Lakeshire-Marty Company, 
Plymouth, TTtsconmn. 

M40 Filter Paper Chromatography as a Means to Deter- 
mine the Amino Acids and Amines Developed in 
Cheddar Cheese During Bipening. F. Y. ]^o6ikow- 
SKT, Cornell University. 

M41 Manufacture of Cottage Cheese from Reconstituted 
Non-Fat Dry Milk Solids. C. E. PAsMBZiEB and W. 
S. Bosbnbeboeb, Iowa Agricidtural Experiment Sta- 
tion. 

3; 00- 5; 00 BUSINESS MEETING OF THE ASSOCIATION. 

Auditorium, Museum of Natwal History. 

PBOGRAM OP PRODUCTION SECTION 
Tuesday, dune 21 
Afternoon Session 

1:30- 4:30 Section A, GENETICS AND ENDOCRINE INVESTI- 
GATIONS. L. A. Mocuos Chairman. 

Boom 313, Zoology Bldg. 

PI Differences in Production, Type, Size and Breeding 
Efficiency of Cow Families. Kenneth A. Tabub, 
W. J. Ttdeb and Geobue Htatt, Jb., Wwt Virgima 
University. 

P2 Prolonged Gestation of Genetic Origin in Cattle. S. 
W. Mead, P. YT. Gbsoobt amp W. M. Bboan, Univer- 
sity of CaUfomia. 
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P3 Estimation of Changes in Herd Environment. C. B. 

Henderson, Cornell University. 

P4 The Number of Proved Sons Necessary to Evaluate 
the Transmitting Ability of a Sire. W. E. Washbon 
AND W. J. Tyler, West Virginia University. 

P5 Calf Mortality, Sex Batio and Incidence of Twinning 
in Two University of Minnesota Herds. Kenneth 
Miller and L. 0. Gilmore, Minnesota Agricultural 
Experiment Station. 

P6 Observations on Mammary Gland Development of 
Dairy Heifers Induced by Hormone Injections. J. F. 
Sykes, T. B. Wrenn and P. C. Underwood, Bureau of 
Dairy Industry^ U.8.D.A. 

P7 Effect of Temperature and Drying on Male Hormone 
in Cow Manure. C. W. Turi^, Missouri Agricultural 
Experiment Station. 

P8 Effect of Mild Hyperthyroidism on Milk Production in 
Dairy Cattle. C. W. Turner, Missouri Agricultural 
Experiment Station. 

P9 Effects and Economy under Tennessee Conditions of 
Thyroprotein Feeding during Lactation Decline. 
Eric W. Swanson, University of Tennessee. 

PIO Size of Thyroid in Cows from Southern States. W. W. 
Swett and C. a. Matthews, Bureau of Dairy In- 
dustry, U.8.D.A. 

Pll Factors Affecting Heart Bates of Dairy Cows. J. W. 
Thomas, Bureau of Dairy Industry, U.8.DA.. 

1 : 30- 4 : 30 Section B, CALF PROBLEMS. G. M. Cairns, Chairman. 
Room 06, Botany Bldg. 

P12 Milk Substitutes for Young Dairy Calves. H. D. 
Wallace, J. K. Loosli and K. L. Turk, Cornell Uni- 
versity. 

P13 Milk Beplacements in the Rations of Dairy Calves. 
J. B. Williams and C. B. Knodt, Pennsylvania State 
College. 

P14 Diurnal Variations in Concentrations of Fat in Blood 
Plasma of Calves Fed Various Types of Oils. H. B. 
Barker and N. L. Jacobson, Iowa State College. 

P15 The Hydrogen Ion Concentration and Dry Matter of 
the Feces of Young Dairy Calves Raised on a Limited 
Whole Milk-Dry Starter Method. B. E. Johnson, 
H. D. Eaton, J. H. Kramer, E. L. Junoherr, W. N. 
Plastridqe and L. Nbzvesky, University of Connecti^ 
cut and Storrs Agricultural Experiment Station. 
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P16 The Influence of Pasture and Bumen Inoculation on 
the Establishment of Certain Microorganisms in the 
Rumens of Young Dairy Calves. W. D. Pounden and 
J. W. Hibbs, Ohio Agricultural Experiment Station. 

P17 The Influence of Pasture and Early Bumen Develop- 
ment on the Changes in the Plasma Carotenoids, Vita- 
min A and Ascorbic Acid and the Liver Storage of 
Carotenoids and Vitamin A of Young Dairy Calves. 
J. W. Hibbs and W. D. Pounden, Ohio Agricultural 
Experiment Station. 

P18 Carotene Requirements for Young Dairy Calves. 
R. F. Elliott, Cornell University. 

P19 The Plasma Levels of Carotene and Vitamin A in 
Calves from Dams Milked Prepartum and in Calves 
from Dams Milked Postpartum. H. D. Eaton, A. A. 
Spiblman, R. E. Johnson and L. D. Mattebson, 
University of Connecticut and Storrs Agricultural 
Experiment Station. 

P20 Effect of Type of Dispersion on Rate of Absorption of 
Carotene and Vitamin A by Dairy Calves. Q. H. 
Wise, N. L. Jacobson, R. S. Allen and S. P. Yang, 
Iowa State College. 

P21 Studies on the Site of Absorption and Conversion of 
Carotene to Vitamin A in the Dairy Calf. R. P. 
Elliott, Cornell University. 

P22 Calf Losses in a Dairy Herd Consisting of Five Breeds. 
E. B. Ormiston, University of Illinois. 

Wednesday, June 22 
Morning Session 

0:00-12:00 Section A, TEMPERATURE EFFECTS, VITAMINS. 

L. A. Moore, Chairman. 

Room 06, Botany Bldg. 

P23 The Influence of Variations in Environmental Tem- 
perature and Thyroid Status on Sexual Development 
in the Male Mouse. M. Maqsood and E. P. Reineke, 
Michigan State College. 

,P24 Factors Affecting Heat Tolerance of Dairy Cattle. 
R. E. McDowell and R. A. Hildeb, Bureau of Dairy 
Industry, U.8J>JL. 

P25 The Comparative Heat Tolerance of Red Sindhi X 
Jersey and Other Breeds of Dairy Calves. B. A. 
Hildeb and R. B. McDowell, Bureau of Dairy Jn- 
dustry, U.8 J>Al. 
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P26 Reactions of Dairy Cows to Higher Temperatures. 
Samuel Brody^ Missouri Agricultural Experiment 
Station. 

, P27 The Effect of Increasing Environmental Tempera- 

tures on the Composition of Milk. J. W. Cobble and 
A. C. Ragsdale, University of Missouri, 

P28 The Influence of Temperature on the Carotenoid and 
Vitamin A Content of Milk Pat. 0. T. Stallcup and 

A. C. Ragsdale, University of Missouri. 

P29 The Carotene Requirements of Guernsey Cattle for 
Reproduction. A. H. Kuhlman and W. D. Gallup, 
Oklahoma A. and M. College. 

P30 Vitamin A Absorption Studies in Ruminants. R. P. 
Niedermeier, Vearl R. Smith and L. H. Schultz, 
University of Wisconsin. 

P31 Relation Between the Carotene in the Peed and the 
Vitamin A Potency of Butter. H. G. Wiseman and 
^ J. B. Shepherd, Bureau of Dairy Industry, U.8.D.A. 

P32 Further Studies on the Relation of Soybeans to the 
Vitamin A Requirements of Dairy Cattle. M. p. Ell- 
more AND J. C. Shaw, University of Maryland. 

P33 Role and Sources of Bxa iu the Normal Mammal. A. 
M. Hartman, L. P. Drydbn and C. A. Cary, Bureau 
of Dairy Industry, U.8.DA.. 

P34 The Vitamin D Content of Roughages. G. C. Wallis, 
C. A. Smith and R. H. Pishman, Standard Brands, 
New York, N. Y., and Agricultural Experiment Sta- 
tions of Florida, Illinois, Kansas, Michigan, New York, 
North Carolina, South Dakota, Texas and Washington, 
and the California State Polytechnic College. 
9:00-12:00 Section B, FORAGES, GROWTH, METABOLISM. 
G. M, Cairns, Chairman. 

Room 313, Zoology Bldg. 

P35 The Effect of the Proportion of Roughage in the 
' Ration on the Growth of Dairy Heifers. K. E. Harsh- 
BARGER AND G. W. SALISBURY, University of Illinois. 
P36 Preliminary Report on the Influence of Soil Pertility 
on the Health, Reproduction and Milk Production of 
Dairy Cows. C. W. Duncan, K. M. Dunn, R. E. Ely, 
S. T. Dexter and C. E« Millar, Michigan Agricultural 
Experiment Station. 

P87 Conservation of Nutrients and Feeding Value of 
Wilted Silage, Bam-Cured Hay and Dehydrated Hay. 

B. E. Ei>y, L. G. Schobnlbber, J. B. Shepherd, H. G. 



488 


JODBNAIi 07 DAIST BOEBNOB 


Wiseman, C. G. Meun, W. H. Hobtesman anb B. B. 
Waonbs, Bureau of Dairy Induiiry, Bureau of Plant 
Industry, Soils, and Agrieuliural Engineering, and 
Production and Marketing Administration, UJ3.DA.. 
P38 Observations on Time Required for Dairy Cows to Bat 
Grain, Silage and Hay. K. B. Habb w babokb, Uni- 
versity of Illinois. 

P89 How Hay Feeding to Cows on Pasture Affected Milk 
Production and Body Weight. Dwioht M. Sbath, 
University of Kentucky, 

P40 A Method for Estimating the Feed-Replacement 
Value of Pasture Forage. W. B. Nbvbns, R. W. 
ToncHBEBBT AND J. A. Pbbsoott, Jb., University of 
Illinois. 

P41 Distribution of Intravenously Lojected Radioactive 
Phosphorous (P32) in the Body of the Dairy Cow. 
N. P. Ralston, Max Elbibbb, A. H. Smith and A. L. 
Black, University of Calif omia. 

P42 The Effects of Lactose Feeding on Lactase Production. 
Jessie Fisoheb, T. S. Sutton, J. L. Lawbbnob, H. H. 
Weisek and G. L. Stahlt, Ohio State University. 
P43 Blood Sugar Studies in Relation to Ketosis in Rumi- 
nants. L. H. ScHUin^, Vbabl R. Smith and H. A. 
Labdt, University of Wisconsin. 

P44 Biochemical and Histo-Pathological Studies of Fasting 
Ketosis and Spontaneous Ketosis of Cows. J. C. 
Shaw, P. V. Saabinbn, B. C. Hadjidlob xnd E. C. 
Leftel, University of Maryland. 

P45 Standards for Growlii in Weight of Jersey Heifers. 
C. A. Matthews and M. H. Fohbman, Bureau of 
Dairy Industry, U.SJIA.. 

P46 The Value of Wood Molasses for Growth of Dairy 
Heifers. T. H. Blosbbb, G. W. Soott, R. B. Ebb and 
A. 0. Shaw, State College of Washington. 

Wednesday, June S2 

Afternoon Sessiom Auditorium, Physics Bldg. 

1 : 00 Association Photoobaph. 

1:30-3:15 JOINT MEETING OF EXTENSION AND PRODUC- 
TION SECTIONS. 

L. A. Moobe and G. Hbbbinx, Co-Chairmen. 

Panel Discussion— The Job of Herd Improvmnent. Job 
Tatlob, Petmsylvania State College^ Leader, 

1. Allowing for the Effect of Environment on Production. 
B. E. Heizeb, University of Wisconsin. 



ASSOCIATION ANNOUNCEMENTS 


489 


2. Estimating the Breeding Value of Toung Bulls. 

J. L. Lush; Iowa State College. 

3. Should a Bull be Linebred or Out bredf 

6. A. Bowling^ Farm Manager, formerly from West 
Virginia University. 

4. What about Indexes in the Selection of Bulls Y 
V. A. Rioe^ University of Massachusetts. 

5. Results from Crossbreeding. 

Milton Fohrman, Bureau of Dairy Industry, U.8.D.A. 

6. Reasonable Production Increase to be Expected from 
Culling. 

Frank Astroth, Jersey Breeder, St. Paul, Minnesota. 
3:15- 4:15 JOINT COMMITTEE REPORTS. 

Breeds Relations Committee. H. A. Herb^ian, Chairman. 
Dairy Cattle Health Committee. W. B. Petersen, Chair- 
man. 

Dairy Cattle Breeding Committee. E. J. Perry, Chairman. 
Type Classification Committee. J. W. Linn, Chairman. 
4:15-5:00 GENERAL SESSION. 

Brucellosis in Man. W. W. Spink, Professor of Medicine, 
University of Minnesota. 

5 : 00- 5 : 30 COMMITTEE MEETINGS 

Thursday, June 23 
Morning Session 

9:00-11:00 Section A, MAMMARY SECRETION, MASTITIS. 
L. A, Moore, Chairmcm. 

Room 313, Zoology Bldg. 

P47 Effect of Various Milking Procedures, Prepartum and 
Postpartum, on Composition of Mammary Secretions. 
D. B. Parrish, F. C. Fountaine, Q. H, Wise, F. W. 
Atkeson and j. S. Hughes, Kansas Agricultural 
Experiment Station. 

P48 Some Effects of Prepartum Milking on the Perform- 
ance of Cows and Calves. B. A. Ackerman, George 
Hyatt, Jr, and A. H. Van Landingham, West Vir- 
ginia University. 

P49 The Effect of Prepartum Milking on the Ascorbic Acid 
and Riboflavin Content of Colostrum at Parturition. 
A. H. Van LANDXNOiaAM, C. A. Flanders and R. A. 
Ackerman, West Virginia University. 

P50 Effectiveness of Penicillin Infusions in Eliminating 
Mastitis Infections in the Bureau of Dairy Industry 
Herd. W. W. Swbtt, L. A. Burkey, Cecelia R. 
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Buckner and P. C. Underwood, Bureau of Dairy In- 
dustry, U.8.D,A. 

P51 The Incidence and Relative Severity of Infections of 
Different Organisms in Mastitis. Lloyd A. Burkey 
AND Cecelia B. Buckner, Bureau of Dairy Industry, 
V.8.DA. 

P52 A Study of the Reliability of Various Diagnostic 
Tests and the Efficiency of Certain Therapeutic Meas- 
ures in the Control of Mastitis. C. P. Merilan, H. A. 
Herman, J. E. Edmondson, K. L. Tallman and 0. S. 
Crisler, University of Missouri. 

P53 . Preliminary Observations on the Biochemical and 
Serological Characteristics of Coliform Organisms 
Isolated From Cases of Acute Mastitis. J. C. Olson, 
Jr., I. A. ScHiPPBR AND M. E. Schmitz, University of 
Minnesota. 

P54 Comparison of the Incidence and Severity of Mam- 
mary Edema of Cows Fed Roughages Alone or Rough- 
ages Plus Grain during the Dry Period. F. C. Foun- 
taine, D. B. Parrish and F. W. Atkeson, Kansas 
Agricultural Experiment 8tation. 

9:00-11:00 Section B, SEMEN TECHNIQUES. Q. M. Cairns, 

Chairman. 

Boom 06, Botany Bldg. 

P55 Diluting Bull Semen on the Basis of Numbers of 
Spermatozoa Bather than by Volume. Cecil Bran- 
ton, M, H, Newsom and T. E. Patrick, Louisiana 
State University* 

P56 Penicillin and Sulfanilamide in Semen Dilutors and 
Their Effect on Fertility of Semen from Relatively 
Fertile Bulls. John P. Mixner, New Jersey Agricul- 
tural Experiment 8tation. 

P57 A Comparison of Penicillin, Streptomycin and Sul- 
fanilamide for Improving the Fertility' of Semen 
from Relatively Infertile Bulls. John 0. Almquist, 
Pennsylvania 8tate College. 

P58 Fertility of Bull Semen Diluted from 1 : 100 to 1 : 800. 
E. L. WiiajETt, American Foundation for the 8tudy 
of Genetics. 

P59 Buffered Whole Egg as a Nutrient Extender for 
Bovine Spermatozoa. H. 0. Dunn and R. W. Brat- 
ton, Cornell University. 

P60 The Fertility of Bovine Semen Cooled with and with- 
out the Addition of Citrate-Sulfanilamide-Yolk Ex- 
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tender. R. H. Foote and R. W. Bratton, Cornell 
University. 

P61 Relation of the Eosin-Aniline Blue Staining Method 
to the Quality of Bull Semen. H. E. Shaffer and 
J. 0. Almquist, Pennsylvania State College. 

P62 The Effect of Frequency of Collection Upon Semen 
Production and Fertility of Dairy Bulls used in 
Artificial Breeding. T. E. Patrick, Cecil Branton 
and M. H. Newsom, Louisiana State University. 

11 : 00-12 ; 00 PRODUCTION SECTION BUSINESS MEETING. 

Room 06, Botany Bldg. 

Thursday, June 23 
Afternoon Session 

1:30- 3:00 Section A, FEEDING AND MANAGEMENT. L. A. 

Moore, Chairman. 

Room 313, Zoology Bldg. 

P63 Clipping as an Aid to Control of Cattle Lice. R. B. 
Price, Jr., W. C. Priqoe, N. N. Allen and R. J. 
Dicke, University of Wisconsin. 

P64 The Effect of Methods of Milking, Methods of Cooling 
the' Milk and Types of Barns on the Total Bacteria 
Count and Coliform Count. C. C. Flora, P. M. 
Reaves and C. W. Hoi^daway, Virginia Agricultural 
Experiment Station. 

P65 Some Observations on Recovery in Dairy Production 
in Western Europe. W. H. Riddell, University of 
Vermont. 

P66 Feeding Value of Dehydrated Sweet Potatoes Fed Wet 
as Compared with Corn-Soybean Silage for Lactating 
Cows, L. L. Rusofp, B. J. Burch, Jr., J. B. Frye, 
Jr„ and G- D. Miller, Louisiana State University. 

P67 Effect of Excess Concentrate Feed Consumption on 
Milk Producton of Dairy Cows in Hawaii. L. A. 
Henke, Hawaii Agricultural Experiment Station. 

P68 Influence of Various Udder Treatments Upon the Let- 
Down of Milk. C. E. Knoop and C. F. Monroe, Ohio 
Agricultural Experiment Station. 

P69 A Comparison of Milk Production Between the Pre- 
partum Milked Halves and the Non-prepartum Milked 
Halves of Bovine Udders. M. L. Dawdy and C. B. 
Knodt, Pennsylvania State College. 

1 : 30- 3 : 00 Section B, SEMEN METABOLISM. REPRODUCTION. 

G. M. Cairns, Chairman. 

Boom 06, Botany Bldg. 



492 


JOVBNAli or OAIBT BOISNOB ■ 


P70 The Effect of in Vitro Treatments wilh Testosterone 
on the Oxygen Consumption of Ejaculated Sperma- 
tosoa. F. N. Bxkeb, A. B. Soh 0 Utzb akd H. P. Datis. 
TIniverriiy of Nebraska. 

P71 Complementary Effect of Acetylcholine and Thy* 
roxine on 0» Consumption of Bovine Semen. A. B. 
ScHtTiiTZ*, University of Nebraska. 

P72 Becovery of the Fertilized Ovum from the Living 
Cow. Abtbub E. Dbaot, South Dakota State CoUege, 
AND W. E. Petebbbn, University of Minnesota. 

P73 Factors Affecting the Interval Between Parturition 
and Subsequent Estrus in Dairy Cattle. J. H. Ed< 
U0ND60N, University of Missouri. 

P74 Comparison of pH Values of in Vivo and in Vitro 
Determinations on Bovine Vaginal-Cervical Mucus. 
D. B. Roabe and H. a. Hsbbian, University of Mis- 
souri. 

P75 The Interrelationship of Age and Season on Bull 
Fertility. T. M. Ludwick, D. S. Bvdbaiah, James 
Rosenbeboeb and Fosdtcb EiiT, Ohio Agrieultural 
Experiment Station. 

3:00- 5:00 BUSINESS MEETING OF THE ASSOCIATION. 

Auditorium, Museum of Natural History. 

PROGRAM OP EXTENSION SECTION 
Tuseday, June 21 

Afternoon Session. Boom 320, Coffman Memorial Union. 

1 : 30- 4 : 30 Opening Business Section and Dairy Herd Improvement 

Associations. G. Heebink, Chairman. 

El Suggested Revisions of the DHIA Herd Book. J. F. 
Eendbick, Bureau of Dairy Industry, U.S.D.A. 

E2 Comparison of DHIA Computing Tables. C. B. 
Gearhabt, Pennsylvania State CoUege. 

E3 Progress Report on Use of I.B.M. Machines in Process- 
' ing DHIA Records. H. C. Gilmobb, Pennsylvama 
State CoUege. 

E4 Use of I.B.M. Equipment for more EfScient Process- 
ing of BDI 718 Reports. Ratkond AiaBXOTBBN, 
CorneU University. 

E5 Centering Date Versus Calendar Mmith for Comput- 
ing Production Records. Roens MoBsnwK and B. E. 
Ebb, Washington State CMege. 
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Wednesday, June 22 

ilormng Session. Room 320, Coffman Memorial Union, 

9 : 00-12 : 00 Teaching Methods and Exhibits. C.*W. Reaves, Chairman. 

E6 Extension Education on Milking Machine. Operation. 

I. E. Parkin, Pennsylvania State College, 

E7 Development o£ a Successful Integrated Dairy Pro- 
gram. E. C. ScHEiDENHELM, Rutgers University, 

B8 The Michigan Program of Brucellosis Control in Cat- 
tle. R. E. Horwood, Michigan State College, 
Explanation and Discussion of Exhibits. Hilton 
Boynton, University of New Hampshire, in charge. 

Wednesday, June 22 
Afternoon Session 

1 : 00 Association Photograph 

1 : 30- 4 : 15 Joint Meeting of Extension and Production Sections. 

See Production Section Program. Auditorium, Physics 
Bldg, 

4:1&- 5:00 General Session 

Brucellosis in Man, W. W. Spink, Professor of Medicine, 
University of Minnesota. Auditorium, Physics Bldg. 

Thursday, June 23 

Morning Session. Room 320, Coffman Memorial Union 
9 : 00-12 : 00 4-H Club Work, Committee Reports and Business Meet- 
ing. G. Heebink, Chairman, 

E9 4-H Show Programs as Developed in Mississippi. 

L. A. Higgins, Mississippi State College, 

BIO Training 4-H Dairy Project Leaders. E. T. Itschnbr, 

M. J. Regan and W. H. Cloninger, University of 
Missouri. 

Committee Reports 
Business Meeting 

Thursday, June 23 

Afternoon Session. Room 320, Coffman Memorial Union, 

1 : SO- 3 : 00 Dairy Breeding. G. Heebink, Chairman, 

Ell Analysis of Production Records of the Daughters of 
Sires Used in the New York Artificial Insemination 
Program. Raymond Albrectsbn, Cornell University, 
B12 A Different Slant on Sire Selection. W. E. Washbon, 
West Virginia Universiiy. 

8 : 00- 5 ; 00 Business Meeting of the Association. A uditorium. Museum 
of Natural History. 
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VITAMIN E IN THE NUTRITION OP CATTLE. I. EFFECT OP FEED- 
ING VITAMIN E POOR RATIONS ON REPRODUCTION, HEALTH, 
MILK PRODUCTION, AND GROWTH.* *' 

T. W. GULLICKSON,* L. 8. PALMER,* W. L. BOYD,® J. W. NELSON,* F. C. OLSON,’ 
C. E. CALVEBLEY8 and P. D. B0YER» 

Hinnesoia Agricultural Experiment Station, St, Paul 

Reproductive failures in cattle constitute a problem of great economic impor- 
tance to cattle breeders. Ever since Evans and Bishop (7) established that rats 
require vitamin E for successful reproduction, the possible relationship of this 
factor to breeding troubles in cattle has been a subject of much interest to live- 
stock breeders. No attempt will be made to present a comprehensive review of 
the extensive literature concerning vitamin E in its relation to reproduction in 
cattle. This recently has been done in an excellent review by Asdell (1). The 
information available, however, indicates that it has not been established that 
cattle and other ruminants need vitamin E for successful reproduction. It is 
significant that most of the studies reporting improvement in reproducing ability 
following vitamin E administration were conducted over relatively short periods 
with cattle on normal rations (3, 11, 16). Frequently the treatments adminis- 
tered followed or occurred simultaneously with other forms of therapy. Cases 
where standard diets for cattle are deficient in vitamm E and would be improved by 
addition of this factor likewise must be viewed with some skepticism, for all feed- 
stuffs in such rations have seen shown to be comparatively rich in this vitamin 
(5). This fact also reduces any possible therapeutic value of the much smaller 
doses provided in the wheat germ oil, whether it is injected or fed. 

Received for publication November 2, 1948, 

1 Published with the approval of the director as paper no. 639, scientific journal series, 
Minnesota Agricultural Experiment Station. 

2 The authors are indebted to Merck & Company, Inc., for supplying all synthetic alpha 
tocopherol that was fed. 

2 Division of Dairy Husbandry. 

^ The experiment was planned and started by the senior author. Later Dr. L. S. Palmer, 
Chief, Division of Agricultural Biochemistry, was associated actively with the chemical and 
rat studies conducted in connection with the project. Dr, Palmer died in March, 1944. 

* Division of Veterinary Medicine. 

* Present address; Cargill, Inc., Minneapolis, Minnesota. 

f Present address: Maple Iriand Parm, Inc., Stillwater, Minnesota. 

* Present address; Bussell-Miller Milling Company, Minneapolis, Minnesota. 

2 Division of Agrieultnral Biochemistry. 

495 

Copyright, 1949, by the AwnatrAw DAtav Sciekce Association. 







496 


T. W. GULLICKSON ET AL. 


Various other effects not directly related to fertiUty and reproduction have 
been attributed to vitamin B in the nutrition of ruminants. Willman et al. (28) 
reported success in treating u characteristic muscular syndrome of lambs, known 
as ‘ ‘stiff-lamb disease with wheat germ oil, oZpAa-tocopherol or mixed toco- 
pherols. Recently it was shown by GulHckson and Calverley (9) that cattle fed 
vitamin E-deficient rations may die from heart failures. Harris et dl. (13) re- 
ported that when dairy cows are fed a daily supplement of 1 g. of mixed natural 
tocopherols the fat output is increased by about 25 per cent; this contention, 
however, has not been confirmed by others (10, 24, 27). 

The present experiment was designed to determine whether vitamin E is 
needed by cattle for successful reproduction. The plan followed was to feed all 
animals throughout their lives on rations containing liberal amounts of all known 
essential nutritional factors except vitamin E. The relationship of vitamin E 
to growth, health and milk production of cattle also is considered. 

EXPERIMENTAL PROCEDURE 

Selection of feedstuffs. Before any cattle were started on the experiment, 
suitable feeds low or completely lacking in vitamin B had to be found. This was 
accomplished by conducting rat bioassays on a great variety of fecdstuffs such 
as commonly are fed to cattle. A modification of the bioassay method of Palmer 
(22) was followed. Sexually mature female rats that had been fed normal rations 
throughout the period of growth and their first gestation were placed on the 
basal vitamin E-free ration immediately after the birth of their litters. After 
weaning at 21 to 25 days the young were reared to sexual maturity on the basal 
vitamin E-free ration modified so as to contain such percentage of the feedstuff 
tested as was likely to be present, on the dry matter basis, when fed in maxi- 
mum amounts to cattle on experiment. Each feedstuff was tested in this 
manner and some were tested again in combination with others to determine 
their additive effect, if any, on reproduction. If the product was highly in- 
digestible for rats, a benzene extract of it was made and this then was in- 
corporated at high levels in the basal vitamin B-free ration which was fed 
during the gestation period of the vitamin B-deficient rats. The rats were 
mated when about 90 days old and thus received the test food for periods 
of 9 to 10 weeks. Wheat germ oil of known potency was employed for the 
positive controls, a total of 3,5 to 4.0 ml. being incorporated, in the basal ra- 
tion over a period of 6 to 7 weeks, corresponding to the minimum period the 
test feeds were consumed. At the start of the experiment test rats were allowed 
to litter normally, but later, to permit better control, the animals were sacrificed 
on the 21st day of pregnancy and the living and dead young and the resorptions 
were counted in utero. A less complete study was made with male rats of the 
ability of some of the products to prevent the characteristic testicular degenera- 
tion. The results of these tests provide confirmatory evidence of vitamin E 
content. 

, Table 1 lists the feeds which gave less than 100 per cent live litter efficiency 
when tested. The feedstuffs commonly fed to cattle were found to be relatively 
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rich in vitamin B, as shown by the following comparatively small amounts 
needed to give 100 per cent live litter efficiency: alfalfa hay, 114 g.; prairie hay, 
135 g. ; reed canary grass hay, 147 g. ; oat hulls, 132 g. ; wheat straw, 131 g. ; corn 
bran, 133 g.; wheat gluten, 40 g.; and fish meal, 59 g. These results are in 
agreement with those reported by Cabell and Ellis (5). 

After the ingredients in the ration of the cattle had been selected, tests were 
made on all new lots of feed acquired. If vitamin E was indicated in any of 
them or in the ration in which they were included, the feedstuff responsible 
either was discarded or was subjected to such treatment as had been found to 
inactivate the vitamin B present. Thus the vitamin E present in some lots of 
rice straw was inactivated subsequently by heat treatment at 90 to 100° C. for 


TABLE 1 

A comparison of the vitamin S activity of various feedstuff s 


Feedstuff tested 

Average No. of 
amount female 
consumed rats used 

No. of 
complete 
resorp- 
tions 

No. of 
live 
litters 

Live 

litters 

Brewers’ dried grains, heated 2x 

(I/O 

310 

6 

5 

1 

(%) 

16.7 

Brewers’ dried grains, heated 3x 

414 

10 

10 

0 

0 

Corn starch 

150 

6 

6 

0 

0 

Corn gluten meal 

Distillers’ grains, solvent extrac^d 

123 

24 

13 

11. 

45.8 

191 

6 

6 

0 

0 

Dry skim milk 

483 

10 

. 10 

0 

0 

Meat scraps 

121 

7 

4 

3 

42.9 

Molasses beet pulp 

360 

10 

6 

4 


Plain beet pulp 

112 

15 

4 

11 

73.3 

Polished rice 

367 

8 

7 

1 

12.5 

Polished rice, heat treated 

730 

8 

8 

0 

0 

Potato meal 

426 

10 

7 

3 


Rice straw 

240 

8 

6 

2 

25.0 

Rice straw, heat treated 

797 

11 

11 

0 

0 


1 week and all the polished rice fed was heat treated at a temperature of about 
100° C. in a seed-house drying tower for at least 2 weeks. Similarly, any vita- 
min B in brewers^ dried grains was inactivated by tripling the heating time in 
the drying drums at the brewery. The vitamin E found occasionally in lots 
of dry skim milk was destroyed by adding about 10 per cent of lard and allow- 
ing the mixture to stand at room temperature for several months or until the fat 
became rancid. 

The chemical composition of each feed was determined by official A.O.A.C. 
methods (2). Calcium and phosphorus content was determined by the method 
developed by Morris e# dZ. (19). 

Cattle used. Fifteen calves of mixed breeding, consisting of nine females 
and six males, were in the original group. Two of these, E430, a male, and 
E438, a female, were used as positive control animals. During the progress of 
the experiment a few calves other than decendants of the original group were 
added. Two of these, E607 and E615, also were used as positive controls. A 
tocopherol supplement also was fed to E559 beginning about 3 weeks before her 
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first calving and until she was discontinued on experiment about 18 months 
later. Data relating to the cattle used in the experiment are presented in 
table 2. 

Feeding and Management. The ration fed was planned to provide adequate 
amounts of all known essential nutrients excepting vitamin E. It was made 
up of some of the feedstuffs listed in table 1, along with a few others that earlier 
tests had shown to be relatively free of vitamin E. The ration consisted of rice 
straw as the sole roughage and a concentrate mixture which was designed to be 
palatable and to provide the nutrients needed. A mixture typical of those fed 
contained 25 per cent polished rice, 30 per cent brewers' dried grains, 18 per 
cent distillers' grains (solvent extracted), 11 per cent com starch, 9 per cent dry 
skim milk, 4 per cent rendered lard, 2 per cent steamed bone meal and 1 per cent 
iodized salt. Delsterol (2000D) was added as a source of vitamin D, at the rate 
of 0.6 g. per lb. of concentrate mixture. 

Steamed bone meal and iodized salt were available free choice to all animals. 
A vitamin A concentrate (potency approximately 8000 I.TJ.) was fed once daily 
to each animal at the rate of approximately 10,000 units (I.U.) per 100 lb. of 
weight (14). It was fed directly to calves, but for older animals, it was mixed 
with the grain at time of feeding. Table 3 presents the results of several vita- 
min E tests made on the rations fed. 

TABLE 3 

Vitamin E tesla of various rations fed to cattle 


Female rats Male xats 


Bation 

no. 

No. of 
rats 
used 

Av. aint. No. of 
oaten by complete 
time resorp- 

matod tions 

No. of 
live 
litters 

Live 

Utter 

effi- 

ciency 

No. of 
rats 
used 

Days 

fed 

test 

ration 

Testes, 
% of 
normal 
weight 

Av. stage 
of testicu- 
lar degen- 
eration* 

1 

10 

1135 

10 

0 

(%) 

0 

10 

100 

55.8 

4.35 

2 

9 

979 

9 

0 

0 

10 

100 

59.4 

4.00 

3 

9 

984 

9 

0 

0 

10 

100 

69.5 

3.25 

4 

7 

987 

7 

0 

0 

10 

100 

61.6 

4.10 


• Stages of degeneration range from 0.0 to 5.0 for the most advanced stage. 

All calves were fed whole milk until about 3 weeks old, followed by fresh 
skim milk to about 6 months of age. The whole milk fed to the calves born in 
the herd was produced by cows receiving vitamin E-poor rations. Rice straw 
was fed ad libitum along with enough concentrates to provide the protein and 
energy required according to Morrison (20). 

The positive control animals, E430, E438, E607 and E615, were fed accord- 
ing to the same plan as all the others except that a vitamin E-rich supplement 
was added to their diet. For E430 and E438 this consisted of the addition, once 
weekly, of sufficient synthetic alpha-tocopherol, dissolved at 2 per cent level in 
partially hydrogenated vegetable oil (Crisco), to provide approximately 0.4 g. 
aZpho-tocopherol per 100 lb. weight of animal. E438 was fed at approximately 
twice this level after she calved. For E607 and E615 the tocopherol concen- 
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trate^^ was incorporated in the grain mixture in such amounts as to assure an 
intake of about 5 mg. per kg. of body weight per day. E559 was fed a concen- 
trate^® providing about 2 g. of mixed tocopherols daily from 3 weeks before her 
first calving until discontinued on experiment about 18 months later. 

Tests made on feces from cattle fed vitamin E-poor rations, as well as on those 
from similar animals fed normal rations, indicated that vitamin E is not synthe- 
sized within the digestive tract. Ten female rats that consumed dried feces in 
amounts equivalent to from 60 to 620 g. of fresh feces obtained from cattle fed 
vitamin E-poor rations all showed complete resorption of fetuses during preg- 
nancy and 10 males reared from weaning to 100 days of age on a ration contain- 
ing 50 per cent on dry matter basis of fresh feces showed complete degenera- 
tion of the germinal epithelium. Three of ten females consuming 73 to 700 g. 
of feces from cattle fed normal rations gave birth to normal litters. 

The calcium and inorganic phosphate content of the blood of each animal was 
determined at monthly intervals for over 3 years during the years 1941 through 
1944. These analyses showed all animals to be in a state of luxus nutrition as 
far as these elements were concerned; the inorganic phosphorus of the plasma 
seldom was below 6.0 mg. per cent and frequently exceeded 9.0 mg. per cent. 
Following 1944, blood analyses were made at less frequent intervals. Invariably 
all values were well within the normal range as indicated by various investiga- 
tors (12, 15, 21), 

While on experiment the cattle were kept isolated. They were turned out- 
doors for exercise in a vegetation-free lot whenever weather permitted. The 
exercise lot was divided into two parts permitting segregation of animals when- 
ever desired. Calves were kept in individual pens in the barn until large 
enough to be stanchioned. Shavings and waste rice straw were used for bed- 
ding. 

Reproduction, The cattle were observed daily, especially for manifestations 
indicating development and functioning of the organs of reproduction. Sexual 
development and behavior among the bulls was tested by permitting them to 
mingle with females showing estrum. Beginning when about 6 months old, all 
males receiving the vitamin E-poor ration invariably showed marked libido dur- 
ing such contact. Semen specimens obtained intermittently by use of artificial 
vagina and rectal massage of ampula were studied for normality and fertility. 
Spermatogenesis was not affected, as examination and tests showed that all 
ejaculates obtained were normal in sperm activity, morphology and longevity. 

Studies of the sexual development and activity in females included frequent 
observations for both physical and psychological signs of estrum, as well as 
rectal examinations of the uterus and ovaries for evidence of ovulation. These 
showed that the estrus cycle with all its characteristic and continuous changes 
including ovulation occurred regularly and in a normal manner starting when 
the heifers were 7 to 9 months old. Females exhibiting estrum invariably 
showed a strong desire to mount or ride other in the herd. 

Breeding and calvmg records were kept for all animals. A summary of those 

io<*Myvadry'’ prepared by Distillation Products, Inc., Rochester, N. Y. 
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relating to the females is presented in table 4. The data show that the repro- 
ducing ability of the cattle was not affected adversely by feeding the vitamin 
E-poor ration continuously through three generations. 

The data in table 5 show that a total of only 30 services was required to pro- 
duce 25 pregnancies in the 19 females of breeding age that vrere fed the vitamin 

TABLE 4 

Data relating to the breeding ability of oows 

Cows Calves 


Herd - 
no. ' 

Times 

bred 

No. of 
calving 

Calving 

date 

Age at 
calving 

Length 
of ges- 
tation 

Herd 

no. 

Sex 

Birth 

weight 

Physical 

condition 





(»»■•) 

(mo.) 

(d.) 



(16.) 


£348> 

1 

1 

6-10-43. 

3 

3 

275 

E483 

F 

69 

Very good 

E380 

1 

1 

4-12-43 

2 

11 

279 

E481 

F 

75 

Very good 


2 

2 

7* 8-44 

4 

2 

278 

£541 

F 

77 

Very good 


1 

3 

5- 9-45 

5 

0 

277 

S559 

F 

75 

Very good 



Cow died 5*10-45. 








£383 

1 

1 

4-12-43 

2 

10 

283 

£482 

M 

97 

£xcellent 


2 

Cow died 2- 2-44. 

Pregnant 186 

days. 





£384 

2 

Cow died 4-10-43. 

Pregnant 246 

days. 





£390 

1 

1 

3-30-43 

2 

7 

281 

£480 

F 

95 

£xcellent 


1 

Cow died 4- 7*44. 

Pregnant 240 

days. 





E401b 

1 

1 

10-30-43 

2 

3 

279 

£496 

F 

85 

£xcellent 

£403 

1 

1 

2-21*44 

2 

5 

284 

ES16 

M 

67 

£xccllent 


1 

Cow died 8-13*45. 

Pregnant 248 

days. 





E405b 

1 

1 

10- 8-43 ' 

2 

1 

281 

E490 

M 

78 

Good 

E408b 

3 

1 

M7-44 

2 

4 

285 

£511 

F 

74 

£xcellent 

£41 3b 

1 

1 

1- 6-44 

2 

3 

270 

£507 

F 

55 

Good 

E438C 

1 

1 

3-23-44 

2 

1 

279 

£522 

F 

72 

Good 


2 

Cow slaughtered 3-21-45. 

Pregnant 180 days. 




£480 

1 

1 

10-30-44 

1 

7 

286 

none 

F 

Ci’ilf smothered 


1 

Cow died 8-22-4.5, 

Pregnant 225 

days. 



at birth 

£481 

1 

1 

6-23-45 

2 

2 

279 

£562 

F 

47 

Fair 

£.')07 

1 

1 

5* 8-45 

1 

4 

279 

E558 

F 

55 

Good 



Cow died 10-31-45 








£541 

1 

1 

11-27-45 

1 

5 

281 

£573 

F 

78 

Very good 



Cow died 

i 4- 4-46 








£558 

1 

Cow died 

[ 7* 8-47. 

Pregnant 245 

days. 





£5r)9‘i 

1 

1 

10-24-47 

o 

5 

286 

E641 

F 

80 

Very good 


2e 

2 

2-12-49 



277 

E682 

F 

80 

Very good 

£573 

1 

1 

10-17-47 

1 

11 

285 

E639 

M 

61 

Good 



Cow died 10-19-47 








E595 

1 

1 

7-25-48 

2 

1 

275 

E672 

M 

87 

Good 

£607® 

1 

1 

9- 5-48 

2 

2 

279 

£674 

F 

72 

Good 

E612t' 

1 

1 

2-26-49 

2 

7 

276 

£683 

M 

96 

Good 

£615® 

1 

1 

8-11-48 

2 

0 

280 

E673 

M 

80 

Good 


•Started on experiment 6-3*42 and removed from experiment 6-12*43. 
b Bemoved from experiment 1-28*44. 
e Positive control animal. 

dPed 2 g. mixed tocophorols daily after 10-3-47. 

• Bred to bull fed normal ration. 

E-poor rations. An average of only 1.2 services were required per conception. 
The 6 bulls used had an average breeding efficiency of 83.3 per cent. All F, and 
Pa generation heifers conceived on the first service. All of the positive control 
heifers also conceived on the first service for their first calving, but E438 and 
E559 each required two services for the second pregnancy. 
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All heifers dropped their first calf when about 2 years old. Two Pj genera- 
tion heifers were less than 18 months old when they calved. One Pi generation 
bull mated successfully when only about 10 months old, thus indicating that the 
vitamin E-deficient ration did not delay sexual maturity. One cow (B380) gave 
birth to three calves within a period of 25 months, with only 10 months between 
the last two parturitions. There were no abortions during the experiment. The 
length of all gestation periods were within the normal range (17). All calves 
were normal in size and vigor at birth. Petal membranes invariably were 
expelled within several hours after calving occurred. No abnormalities were 
found in the reproductive organs of animals that died or were slaughtered. 

Growth and physical condition. All animals were weighed at birth or when 
placed on experiment, and subsequently at 30-day intervals. Weights of experi- 
mental animals at various ages and the normal weights (25) at comparable ages 
of cattle of the several breeds represented are presented in table 6. These com- 


TABLE 5 

Breeding ability of bulls fed vitamin E-defieient rations as indioaled by number of serviees 
required per eoneeption mhen mated to cows fed similar rations 


Bull 

Services 

CSoneeptions 

Services per 
conception 

Breeding 

efficiency 


(«0.) 

(no.) 

(av.) 

(%) 

E894 

1 

1 



£397 

. 16 

11 

1.45 

68.8 

E398 

1 

1 



E4S2 

7 

7 

1.00 


E585 

2 

2 



Pure bred Guernsey* . . . 

3 

3 



Total or av 

30 

25 

1.20 

83.3 


• Temporarily fed vitamin £*defieient ration. 


parisons, although not entirely satisfactory because of the mixed inheritance of 
the experimental animals, show that some of the cattle in the original group were 
below normal weight for their breed but that their descendants invariably were 
considerably above it. 

The cattle displayed few abnormalities in action or appearance. The hocks 
of one Pa generation heifer (E558) were swollen slightly at birth, a condition 
which persisted throughout her entire life. The swellings remained soft and 
were most prominent anteriorly, extending several inches above and below the 
joint. 

All animals, after several months on the experimental diet, invariably ex- 
hibited some degree of ‘"tongue lolling,’* a phenomenon not infrequently ob- 
served in cattle fed rations deficient in some essential factor or factors. A 
marked desire to lick fence of stall boards also was evinced. Peeding of a 
mineral mixture containing cobalt, manganese, copper, iron and magnesium for 
several months had no visible effect in alleviating the symptoms noted above 
or in improving the physical condition of the cattle. 

Death losses. Thirteen out of the 28 animals fed the vitamin E-poor rations 
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for 1 year or more died suddenly at ages ranging from 21 months to 5 years. 
The daughter of B480 smothered at birth. Two others, E490 and E562, died soon 
after they were bom, due to improper care by an inexperienced caretaker. E496 
died as the result of an accident and E511 was slaughtered after she broke a leg 
falling on slippery pavement. 


TABLE 6 


Weight in lb. of cattle at birth and at various intervals up to 7S0 days of age with 

breed normal^ weights 


Herd 





Age (d.) 




Brood 

Sox 

— 

— — 


— 

— 


no. 



Birth 

30 

180 

360 

540 

720 

ESSO 

Grade Holstein 

F 

71 

76 

234 

507 

732 

960 

E383 

Grade Holstein 

F 

90 

105 

328 

678 

815 

1,022 

1:384 

Grade Holstein 

F 

70 

77 

223 

425 

700 

903 

ES90 

Grade Holstein 

F 

88 

90 

316 

532 

840 

1,014 

E401 

Grade Holstein 

F 

84 

94 

314 

585 

837 

1,079 

E40S 

Grade Holstein 

F 

85 

99 

309 

544 

773 

973 

E408 

Grade Short Horn 

F 

75 

113 

301 

564 

845 

1,049 

E413 

Grade Holstein 

F 

82 

97 

3.84 

504 

726 

1,010 

B438b 

Grade Holstein 

F 

75 

99 

257 

589 

828 

1,022 

E595 

Grade Holstein 

F 

95 

133 

345 

580 

725 

990 

Er»07b 

Grade Holstein 

F 

84 

135 

325 

536 

740 

966 

E612 

Grade Short Horn 

F 

95 

131 

335 

481 

705 

935 

Normal weight, Holstein 

F 

90 

112 

355 

632 

845 

1,069 

E403 

Grade Jersey Short Horn 

F 

50 

61 

205 

403 

616 

781 

E480 

Grade Jersey 

F 

95 

106 

347 

628 

892 

851 

E481 

Grade .Tersey 

F 

75 

88 

262 

541 

766 

1,003 

E507 

Grade Jersey 

F 

60 

91 

383 

629 

746 


E511 

Grade Jersey 

F 

74 

104 

354 




E558 

Grade Jersey 

F 

55 

83 

290 

499 

694 

874 

E559 

Grade Jersey 

F 

75 

113 

354 

723 

916 

1,066 

E573 

Grade Jersey 

F 

78 

101 

337 

594 

803 

884« 

E615b 

Grade Hereford 

F 

68 

83 

298 

483 

705 

865 

E641 

Grade Jersey 

F 

79 

117 

309 

568 



Normal weight, J ersey 

F 

53 

67 

243 

450 

601 

733 

E585 

Grade Holstein 

M 

83 

125 

390 

781 

1,190 


Normal weight, Holstein 

M 

94 

125 

399 

741 

1,176 

1,438 

E396 

Jersey 

M 

43 


264 

588 

824 


E397 

Jersey 

M 

62 


282 

558 

744 


E398 

Jersey 

M 

64 

82 

281 

573 

806 

970d 

E482 

Grade Jersey 


97 

127 

414 

756 

WSBM 

1,258 

E516 

Grade Jersey 


67 

95 

342 

708 



E639 

Grade Jersey 


62 

77 

267 

545 



Normal weight, J ersey 

M 

60 

78 

282 

531 

745 

969 

E394 

Guernsey 

M 

58 

78 

240 

546 

765 

945 

B430b 

Guernsey 

M 

76 

81 

261 

543 

799 

1,039 

Normal weight, Guernsey 

M 

71 

87 

291 

609 




«Mo. Agr. Expt. Sta. BuU. 336. 1934. 
b Oontrol animal. 

• Weight at 707 d. of age. 
d Weight at 662 d. of age. 
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Unlike any of the other anixnala, E348 was fed the vitamin E-poor ration 
for only about 1 year starting when she was about 2 years old. She was bred 
and conceived on the first service to E394 about 3 months after she was started 
on the experiment. The gestation period which followed was uneventful and 
die appeared to be in excellent physical condition at time of parturition. Two 
days after giving birth to a normid heifer calf she was discontinued on experi- 
ment and placed on a normal ration consisting of alfalfa hay, corn silage and 
ground grains. During the first few days after changing to the new ration her 
feed consumption was normal, but after that she refused all feed except an occa- 
sional sip of water. She died on the 19th day after calving. The post-mortem 
examination failed to reveal the cause of her death. It is possible \that the ex- 
treme change in ration upset the established microflora in the digestive tract to 
such an extent fas to prove fatal to the cow. 

The other 12 animals which died suddenly displayed few premonitory symp- 
toms of their impending death. Several collapsed while standing in their 
stanchions consuming their rations. Most of them showed some loss of appetite 
for a month or more before their death, with loss in weight or decrease in rate 
of gain. One heifer (E558) developed a condition of profuse salivation with 
almost complete anorexia several weeks before her death. Several days before 
her death, she became too weak to stand. The only male which died suddenly 
was E482. He was being used as herd sire at the time of his death and was 
about 30' months old. His weight declined from a maximum of 1,344 lb. on June 
16 to 1,275 lb. at the time of his death 4 months later. He had the habit of 
scattering his feed making it difficult to obtain an accurate record of the amount 
consumed. 

In no case did gross post mortem examinations reveal pathologic changes 
sufficiently severe to indicate the specific cause of death. Slight hemorrhages 
were found in the brain of some of the cattle and in others they were apparent 
on the bowels and occasionally on the heart and pancreas. These sudden deaths, 
as was shown by Oullickson’and Calverley (9), probably resulted from cardiac 
injury induced by restricting them to a ration deficient in vitamin E. This 
phase of the study will be considered more fully in 'a later report. 

Milk and fat production, Kecords were kept of the milk and fat production 
of each cow. The milk produced 'at each milking of every cow was weighed and 
on one dAy each month, the fat content of a composite of the milk of each cow 
was determined by the Babcock method. 

Of the cows fed vitamin B-poor rations, only B380 completed two lactation 
periods and only two others completed one. Three cows died and another was 
discontinued on experiment before completing the first lactation period. The 
control animal E438 was slaughtered for the purpose of obtaining body fat for 
chemical and biological tests after she had milked 388 days. The other control 
animals, B607 and E615, were discontinued after milking about 7 months. The 
cow E559, which was fed a tocopherol supplement from 3 weeks before her first 
calvii^ and until discontinued on experiment about 18 months later, experienced 
two normal calvings and completed one lactation period of 383 days. The milk 
and fat production of each animal is reported in table 7. 
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TABLE 7 

MUk and hutterfat production of cows on experiment 


Herd 

so. 

Age at calvuig 

Milldiig 

period 

Milk 


Pat 


(yr-) 

(mo.) 

(d.) 


(%) 

m 

ESSO 

2 

11 

277 

6904.1 

3.04 

209.9 


4 

2 

232 

6764.1 

3.20 

216.5 

E38S> 

2 

10 

289 

8186.9 

2.93 

239.9 

E390 

2 

7 

317 

10135.3 

2.85 

,288.9 

E408 

2 

5 

447 

9028.8 

3.25 

293.4 

E438b 

2 

1 

358 

9078.9 

3.31 

300.5 

E480* 

1 

7 

290 

7868.2 

3.92 

308.4 

E607« 

1 

4 

171 

3332.6 

3.94 

131.3 

E559e 

2 

5 

383 

6764.3 

3.38 

228.6 

E595 

2 

1 

234d 

4714.7 

3.14 

148.0 

E607*» 

2 

2 

191d 

4186.9 

2.52 

105.5 

E615b 

2 

0 

216d 

3028.1 

3.11 

94.2 


■ Died fluddenlj before end of lactation period, 
b PoBitive control animal. 

c Fed mixed tocopherols, 2 g. daily during entire lactation period. 
Experiment discontinued before completing lactation period. 


DISCUSSION 

Although the feeding of vitamin E-poor rations apparently did not affect 
the ability of cattle to reproduce, it nevertheless is significant that out of the 
dozen or more animals which%died suddenly from the characteristic heart ailment 
described by Gullickson and Calverley (9), six had been pregnant 6 to 8 months 
at the time death occurred, three died within 3 days and one (E348) 19 days 
after calving. However, pregnancy and parturition probably were only indi- 
rectly the cause of these deaths. A critical vitamin E shortage would be expected 
to develop during the last several months of the gestation period when the re- 
quirement for various essential nutritive factors has been shown to increase 
markedly (6). In rats during the corresponding period degenerative changes 
occur, not in the deficient mother but in the developing embryo, which eventually 
succumbs and is resorbed (8). Careful studies by Mason and Bryan (18) have 
shown that placental transmission of vitamin E in the rat is very small. It is 
possible that in the bovine it may be greater, resulting in sacrifice of the mother 
instead of the developing fetus. Whiting and Loosli (26), in experiments with 
sheep, goats and swine, found that adding tocopherols to the prepartum ration 
produced a highly significant increase in the tocopherol content of the blood 
plasma of the lambs and kids but no increase was observed in the pigs. Palmer 
et aL (23) have shown that deficiencies of protein and various minerals affect 
the cow more seriously than her unborn calf. The increased burden imposed 
during the stress of calving and initiation of lactation are other factors that 
would be expected to affect the already injured heart and the welfare of the 
cow during this period. Brody ei aL (4) found that gestation increases heat 
production in cattle about 40 per cent above the non-gestating level during the 
last one-third of the gestation period, and cows lactating heavily produce about 
twice as much heat under normal feeding conditions as when not milking. Pulse 



506 


T. W. GULLICKSON BT Alt. 


rate, respiration rate and ventilation rate were found to parallel the course of 
heat production. 

It is possible that if the rations fed had been completely vitamin B-free, few 
if any of the females involved would have survived their first gestation period. 
That neither pregnancy nor lactation is essential to the development of the lethal 
condition, however, is suggested by the deaths of bull E482 and several of the 
non-pregnant females. 

There is no indication that the vitamin E-deficient ration fed retarded the 
growth of cattle except insofar as it appeared to reduce feed consumption in a 
few cases. Neither did rate of milk and butterfat production appear to be 
affected adversely, for, as is indicated in table 7, the quantity and fat content 
of the milk produced by the control cows, including E559, are not markedly 
different from that of cows fed vitamin E-poor rations. Recently it was shown 
by several workers (10, 24, 27) that feeding of mixed tocopherols to cows on 
normal rations has little or no effect on the quantity and fat content of milk 
produced. 

SUMMARY AND CONCLUSIONS 

A study was made to determine the role of vitamin B in the nutrition of 
cattle and especially as it relates to reproduction. A total of 30 animals of 
mixed breeding (8 males and 22 females), including those in the original group 
and their second, third and fourth generation descendants, were fed throughout 
their lives on rations providing adequate amounts of all nutritive factors known 
to be essential except vitamin E. The rations fed were incapable of supporting 
reproduction in rats when fed in liberal amounts. Four positive control animals, 
one bull and three cows, were fed exactly like the others except that each of 
them was fed a supplement providing either aZp^tocopherol or mixed toco- 
pherols. Organs of reproduction developed normally in animals of both sexes. 
Spermatogenesis in males was not interfered with and all ejaculates studied were 
normal as to volume, sperm activity, morphology and longevity. The estrus 
cycle in its various phases, including ovulation, occurred regularly starting 
when heifers were about 7 months old. 

A total of 30 services produced 25 conceptions in the cattle fed vitamin 
E-poor rations, but only 19 of these terminated in normal parturitions, since 
the other six cows died suddenly 1 to 3 months before they were due to calve. 
All calves bom were normal in size and vigor at birth. There were no abortions 
and fetal membranes invariably were expelled within several hours after the 
calves were bom. The average breeding efficiency of the five bulls used was 
83.3 per cent. 

One bull about 30 months old and 12 females ranging in age from 21 months 
to 5 years died suddenly, apparently from cardiac failure. Six of the females 
had been pregnant 6 to 8 months when death occurred and three died within 3 
days and one 19 days after calving. Gross post mortem examinations failed to 
reveal pathologic changes sufficiently marked in any of them to indicate a spe- 
cific caM of death. 
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Vitamin E does not appear to be required by cattle for successful reproduc- 
tion, but long-continued feeding of rations containing very much less vitamin 
E than is present normally under practical conditions is likely to prove fatal 
to such aimals. Feeding rations in practice as deficient as those fed in this ex- 
periment is exceedingly unlikely as all feeds commonly fed to cattle are rela- 
tively rich in vitamin E. 


BEFEEENCES 

(1) Asdell, S. a. Nutrition and the Treatment of Sterility in Dairy Cattle: A Beview. 

J. Dairy Sci., 32: 60-70. 1949. 

(2) Association of Official Agbicultural Chemists. Official and Tentative Methods of 

Analysis. 5th ed. 1940. 

(3) Bay, F., and Voot-Mollee, P. Fortaatte Undersogelser Angaaende Sterilitestsbehand- 

lung af Koer og Grisesoer med Hvedekimolie. MedlemsbI. Danske Dyriaeger Foren- 
ing, 17: 166-169. 1934. 

(4) Brody, S., Worstell, D. M., Eagsdalb, A. C., and Kibler, II. II. The Effect of Lacta- 

tion and Gestation on Heat Production and Cardiorespiratory Activities of Dairy 
Cattle and lints. (Abs.) J. Dairy Sci., 31: 666. 1948. 

(5) CABFiLL, C. A., and Ellts, N, B. The Vitamin E Content of Certain Varieties of Wheat, 

Corn, Grasses and Ijegumes as Determined by Bat Assay. J. Nutrition, 23: 625-632. 
1942. 

(6) Eckles, C. H., Palmer, L. S., Guluckson, T. W., Fitch, C. P., Boyd, W. L., Bishof, 

Lucille, and Nelson, J. W. Effects of Uncomplicated Phosphorus Dedciency on 
Estrous Cycle, Bc*p reduction and Composition of Tissues of Mature Dairy Cows. 
Cornell Vet., 25: 22-43. 1935. 

(7) Evans, H, M., and Bishop, K. S. On the Existence of a Hitherto Unrecognized Dietary 

Factor Essential for Reproduction. Science, 66: 650-651. 1922. 

(8) Evans, H. M., and Burr, G. 0. The Antisterility Vitamin Fat Soluble E. Mem. Univ. 

Calif., 8. 1927. 

(9) Gullickson, T. W., and Calveeley, C. E. Cardiac Failure in Cattle on Vitamin E- 

free Rations as Revealed by Electrocardiograms. Science, 104: 312-313. 1946. 

(10) Guujckson, T. W., Fitch, J. B., and Gilmore, L. O. Effect of Feeding Tocophorols 

to Dairy Cows on the Quantity and the Fat Content of Milk Produced. J, Dairy 
Sci., 31: 557-660. 1948. 

(11) Gxtnn, Wallace R. Some Observations on the Effects of the Use of Wheat Germ Oil 

in a Herd of Purebred Holstein Cattle. Brit. Columbia Dept. Agr. Livestock Circ. 
32: 1-4. 1941. 

(12) Haag, J. B., and Jones, I. B. The Calcium and Inorganic Phosphorus Content of the 

Blood Plasma of Normal Dairy Cattle. J. Biol. Chem., 110: 439-441. 1936. 

(13) Harris, P. L., Swanson, W. J., and Hickman, K. C. D. Covitamin Studies. VI. Ef- 

fect of Tocopherol Supplementation on the Output of Vitamin A, Carotene and Fat 
by Dairy Cows. J. Nutrition, 33: 411-428. 1947. 

(14) Hart, G. H. Vitamin A Deficiency and Requirements of Farm Mammals. Nutrition 

Abstracts & Revs. 10: 261-272. 1941. 

(15) Henderson, H. 0., and Weakley, C. B. The Effect of Feeding Different Amounts of 

Calcium and Phosphorus upon the Growth and Development of Dairy Animals. West 
Va. Agr. Expt. Sta. Bull. 231. 1930. 

(16) Jones, I. B., and Ewalt, H. P. A Preliminary Report on Vitamin E in the Rations of 

Dairy Cows. Paper dolivored at Western Div., Am. Dairy Sci. Assoc, meeting. Pp. 
1-6. 1936. 

(17) Knoop, C. E., and Hayden, C. C. A Study of the Length of Gestation and Service 

Record of Dairy Cows. Ohio Agr. Expt. Sta. Bimonthly Bull. 10, 166: 8-13. 1934. 



508 


T. W. GtriiLlCKBON ET AL. 


(18) Ma80K, K. E., and Bryan, W. L. Placental and Mammary Transfer of Vitamin E in 

the Bat. J. Nutrition, S»: 501--617. X940. 

(19) MoBRiS, H. P., NEiiSON, J, 117., AND Paucrr, L. S. Quantitative Determination of Gal- 

cium, Magrnesium and Phosphorus in Feeding Stuffs and Cattle Eicreta. Ind. Eng. 
Chem., Anal. Ed., 3: 164-167. 1931. 

(20) Morrison, F. B. Feeds and Feeding. 20th ed., unabridged. 1050 pp. Morrison Pub- 

lishing Co., Ithaca, N. T. 1936. 

(21) Palmrr, L. S., Cunningham, W. S., and Ecnles, C. H. Normal Variations in the 

Inorganic Phosphorus of the Blood of Dairy Cattle. J. Dairy Sei,, 13; 174-195. 
1980. 

(22) Palmxr, L. S. Biological Assay of Vitamin E. Application to Wheat Germ and Wheat 

Germ Oil. Ind. Eng. Chem., Anal. Ed., 9: 427-429. 1937. 

(23) Palmer, L. S., Gullickson, T. W., Boyd, W. L., Fitch, C. P., and Nelson, J. W. The 

Effect of Bations Deficient in Phosphorus and Protein on Ovulation, Estrons and 
Beproduction of Dairy Heifers. J. Dairy Sci., 24: 199-210. 1941. 

(24) Philups, P. H., Kasteltc, J., and Hart, E. B. The Effect of Mixed Tocopherols on 

Milk and Butterfat Production of the Dairy Cow. J. Nutrition, 36: 695-702. 1948. 

(25) Baosdale, a. C. Growth Standards for Dairy Cattle. Mo. Agr. Expt. Sta. Bull. 336. 

1934. 

(26) Whiting, F., and Loosli, J. K. The Placental and Mammary Transfer of Tocopherols 

(Vitamin E) in Sheep, Goats and Swine. J. Nutrition, 36 : 721-726. 1948. 

(27) Whiting, F,, Loosli, J. K., Erukovsst, V. N., and Turk, K. L. The Influence of 

Tocopherols and Cod-Liver Oil on Milk and Fat Production. J. Dairy Sci., 32: 133- 
138. 1949. 

(28) Willman, j. P., Loosli, J. K., Asdell, S. A., Morrison, F. B., and Olapson, P. The 

Prevention and Cure of Muscular Stiffness (^^ Stiff -lamb” Disease) in Lambs. J. 
Animal Sci, 4: 128-132. 1945. 



THE RATE OP PHOSPHATASE INACTIVATION IN MILK^ 
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The phosphatase test over a period of years has proved to be an excellent 
method of determining whether holder-processed milk is pasteurized properly. 
Its wide acceptance by industry and health authorities is based on research and 
the ease and speed with which the results are obtained. In England, where Kay 
and Graham (10) first introduced the test in 1933, milk must be heated to and 
held at 145 P for 30 minutes to be considered pasteurized. In addition, the 
enzyme must be inactivated completely. In areas where the pasteurization tem- 
perature may be 142 or 143® P with a 30-minute holding period and a partial 
inactivation of the enzyme is acceptable, the interpretation of the results may vary 
considerably. Evidence of this is noted readily in the several modifications of the 
phosphatase test and standards which are recognized and used (1). 

Kay and Graham (10, 11) and other workers (5, 7, 8, 9, 15, 16) have recognized 
that the time required to heat the milk to pasteurization temperature may affect 
the results of the test. This is especially true when higher temperatures of 
pasteurization are used, as in the flash process. The inactivation effect of the 
preheating time on flash-pasteurized milk may be great enough to indicate proper 
pasteurization, even though the milk was not held at the required temperatures for 
the necessary time. With the exception of a recently published study (8) no 
data were found in the literature indicating the exclusive effect of preheating 
time, Herschdorfer (6) published experimental data to show that an inverse 
relationship exists between the rate of cooling and the rate of phosphatase in- 
activation in milk. 

The purpose of this study is to determine the rate of phosphatase inactivation 
in milk with a minimum influence of either preheating or cooling time. 

REVIEW op LITERATURE 

Much interest has developed in the type of reaction involved when phosphatase 
is inactivated by heat in milk. Unfortunately, whether heat inactivates phospha- 
tase in milk at a monomolecular rate has not been established definitely to every- 
one ’s satisfaction. Sanders and Sager (14, 15) have reported that a straight line 
results when the logarithms of the times of heating are plotted against the cor- 
responding temperatures. Hetrick and Tracy (7) reported that semilogarithmic 
relationship between temperature and time over the temperature range of 143 to 

Beoeived for publication December 7, 1948. 

1 Journal aeries paper of the New Jersey Agricultural Experiment Station, Butgers Uni- 
versity, the State University of New Jersey, Department of Dairy Industry. 

s Submitted by H. G. Foster in partial fulfillment of the requirements for the M.S. degree 
at Butgers University. 

8 Presented at the meetings of American Dairy Science Association, Eastern States Divi- 
sion, Springfield, Hass., September 20, 1948. 
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185® P. was found to exist for the thermal destruction of phosphatase. On the 
other hand, Holland and Dahlberg (9) show a curve which appears to be a straight 
line until temperatures around 170° P. are attained, and then a hook may be 
observed. Basic information on this subject is imperative and could be used to 
predict the effect of a higher temperature on the inactivation of phosphatase as 
compared to a lower temperature if a semilogarithmic relationship between tem- 
perature and time were established and expressed in units independent of the 
pasteurization process and phosphatase test employed. 

METHODS 

Fresh whole milk from several different sources was used. Samples (approxi- 
mately 20 ml.) were sucked through a copper coil into an attached U tube by 
means of a pump. The copper tubing was 25 feet long and had an inside di- 
ameter of 0.125 inches. The coil and U tube were maintained in a thermostatically- 
controlled water bath at a predetermined temperature within a range of d: 0.1° 
C. A thermocouple was used to determine the temperature of the milk as it 
entered the glass tube and during the holding period. It required 7 seconds 
( ± 1 second) for a unit of milk to travel through the coil. Samples were pipetted 
into test tubes held in ice water at the end of a holding period which was accurate 
to within ± 3 seconds. The (Rapid) Laboratory Phosphatase Test developed 
by the New York City Health Department (3) was used, together with a Pfaltz 
and Bauer fluorophotometer, Model B, with a 660-m^ filter, to determine the 
degree of phosphatase inactivation. Photometer units were converted to parts 
per million of phenol by reference to a prepared standard phenol curve (12). 
Time-temperature conditions that produced color equal to 0.5 p.p.m. of phenol 
were selected as end points because the data were reproducible under these cir- 
cumstances Bairs method (2) was used to interpret the data and to compare 
them with the results of other workers (4, 7, 8, 14). 

EXPERIMENTAL 

Fresh samples of milk were kept at approximately 5° C. until poured into a 
test tube (15x150 mm.) which w’as attached immediately to the copper coil. 
The laboratory equipment is shown in figure 1. 

Because of the relatively large capacity of the vacuum pump, milk flowed 
from the test tube and through the coil instantly after the pump was started 
and the system was closed. It always was necessary to maintain samples for 
varying periods at a predetermined temperature to determine the holding time 
required to inactivate the enzyme to the desired degree. After this point was 
located samples in duplicate were held for those times necessary to inactivate 
phosphatase to the desired degree and slightly under and over this point. In this 
manner the end-point of 0.5 p.p.m. (± 0.4) of phenol was checked not only 
by duplicate samples but also by its relative position in a series of samples for 
each degree of temperature from 60 to 71° C., inclusive. The results of this study 
are shown in table 1. These data were used to locate the curve in figure 2. 
The curve indicates that the rate of phosphatase inactivation in milk is a mono- 



BATE OF phosphatase INACTIVATION 


511 


molecular reaction, at least from a practical view point, over the range of tempera- 
ture considered. Ball’s mathematical technic was used to interpret the data. 
In this method, experimental data are presented in graph form on semi-logarith- 
mic paper. The vertical scale represents the logarithm of the time in minutes 
and the abscissa represents degrees of temperature. The standard symbol for 
designating the slope value of the curve is Z, expressed as degrees of temperature 
obtained from one logarithmic cycle on semi-logarithmic paper. The Z value for 
the curve in figure 2 is 4.9® C. When Ball’s method was used to interpret the 
published data of several workers (4, 7, 9, 14), Z values of 4.60, 4.95, 4.50, and 
4.85® C., respectively, were obtained. 


6 



Fig. 1. Laboratory Pasteurizer. A- Test tube containing milk sample. B- Pasteurizer 
coil, 25 ft. long, 0.125 in. internal diameter (copper). C- U Tube. D- Trap in suction line. 
E- Line to suction pump. F- Electric water agitator. 6- Thermocouple, iron-constantan. 
Constant temperature water bath. 


DISCUSSION 

It is difficult to compare much of the published information about the heat 
inactivation of phosphatase because experimental methods and units used to 
express the results are different in many of the reported studies. Several workers 
(3, 4, 8, 9, 11, 13, 15, 16) have recognized these variables. 

After the present study was started data were reported (7, 14) to indicate 
that the rate of phosphatase inactivation was a straight line reaction over the 
temperature range usually employed for pasteurizing milk when the preheating 
and cooling times were extremely short. Calculated Z values, based on these 
data, were found to be 4.95® C. and 4.85® C., respectively. Our own data indicate 
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Fio. 2. The rate of phosphatase inactivation in ihUk. 


a Z value of 4.9° 0. The high degree of agreement of the Z values based on data 
from three different laboratories indicates that this method of expressing the 
effect of heat on phosphatase may be of practical value. When other data 
(4, 9) were used, the Z values were found to be 4.6° C. and 4.5° C., respectively. 
These figures show the effect of preheating time on the slope of the curve. 

TABIiB 1 

“Eftci of time and temperature on the imotivation of phosphatase in miik 


Temperature Holding time 

Phenol* 

Temperature Holding time 

Phenol* 

CO.) 

(Min,) 

(p.p.i».) 

CO.) 

{Min.) 

(p.p.«.) 

60 

40 

0^6 

66 

3.50 

0.84 

61 

35 

0.17 

67 


0.53 

62 

21 

0.33 

68 

1.25 

0.39 

63 

15 

0.47 

69 


0.78 

64 

7 

0.64 

70 


0.56 

66 

7 

0.54 

71 

0.30 

0.30 


• Av. of at least three samplee, each run in duplicate. 
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The significance of the variations in Z values for two or more curves with a com- 
mon point is that the lowest one implies the highest relative inactivation rate for 
a high temperature as compared to that of a low temperature. It should be 
emphasized that the Z value is an expression of the inactivation rate and is not 
to be misconstrued as an intensity factor or lethal value. Equal 7j values indicate 
that the reactions proceed at the same rate ; that is, the curves are parallel. How- 
ever, two phenomena may have the same Z value but one may take a more intense 
heat treatment than the other to accomplish destruction. This is illustrated in 
the data presented by Sanders and Sager (15). 

It is impossible to say what difference between slope values is commercially 
significant in a milk plant at present. The time-temperature curve of phos- 
phatase inactivation under commercial conditions will be influenced by the 
preheating and cooling times and will have a slope value characteristic for the 
conditions under which the inactivation is accomplished. These effects are not 
only applicable to the enzyme phosphatase but also to bacteria. (Commercial 
experience shows that the effect of holder- and flash-pasteurization conditions may 
be practically equal for destroying pathogens ordinarily found in milk but un- 
equal for thermoduric bacteria. This means that the Z values of the thermal 
death time curves for pathogens are lower than those for thermoduric bacteria. 

CONCLUSIONS 

1. BalPs methods (2) may be used as a basis for comparing the effect of heat 
on the rate of phosphatase inactivation in milk pasteurized by different methods. 

2. The Z value for the rate of phosphatase inactivation in milk in this study 
is 4 9° C. 

ACKNOWLEDGEMENTS 

The authors wish to exi)ress their appreciation to Dr. David Levowitz of the 
New Jersey Dairy Laboratories for his advice during the course of this study. 

REFEBENCES 

(1) American Public Health Association. Standard Methods for the Examination of 

Dairy Products. 8th ed. Now York, N Y. 3941. 

(2) Ball, C. O. Short Time Pasteurization of Milk. Ind. Eng. Chem., 36: 71-84. 3943. 

(3) Buegwald, L. H. The Phosphatase Test, A Beview of the Literature on its Applica- 

tion for Detecting Irregularities in tho Pasteurization of Milk and Dairy Products. 
J. Dairy Set, 22: 853-873. 1939. 

(4) Burgwald, L. H., and Gibebson, E. M. An Evaluation of the Various Procedures for 

Making Phosphatase Testa. J. Milk Teehnol., 1: 11-24. 1938. 

(6) Gilceeas, F. W. Value of Phosphatase as an Indicator of Pasteurization. Am. J. 
Pub. Health, 29: 168-162. 1939. 

(6) Hebschdorfeb, S. Inactivation of Phosphatase. Enzymologia, 1: 96. 1936. 

(7) Heteick, j. H., and Tracy, P. H. A Solution for Time and Temperature Bolationshlpa 

for Inactivating the Phosphataso Enzyme in Milk. J. Dairy Sci., 31: 706. 1948. 

(8) Hetrick, J. H., and Tract, P. H. Effect of High-Temperature Short-Time Heat 

Treatments on Some Properties of Milk. 1. Inactivation of the Phosphatase Enzyme. 
J. Dairy Sei., 81: 867-879. 1948. 



514 


S. A. LEAR AND H. G. FOSTER 


(9) Holland, B. F., and DAHLBxaa, A. G. The Effect of the Time and Temperature of 
Pasteurization upon Some of the Properties and Constituents of milk* N, Y. 
(Geneva) Agr. Expt. Sta. Tech. Bull. 264. 1940. 

(10) Kay, H. B., and Gbaham, W. B., Jb. Phosphorus Compounds of Milk. YI. The 

Effect of Heat on Milk Phosphatase. J. Dairy Besearch, 6; 63-74. 1934. 

(11) Kat, H. D., and Gbahaic, W. B., Jb. The Phosphatase Test for Pasteurized Milk. J. 

Dairy Besearch, 6: 191-203. 1935. 

(12) Pharmacopoeia of U.S., XII. pp. 857-358. 1942. 

(13) Sandebs, G. P., and Saobr, 0. S. Modidcation of the Phosphatase Test as Applied to 

Cheddar Cheese and Application of the Test to Fluid Milk. J. Dairy Bci., 29: 737- 
749. 1946. 

(14) Sanders, G. P., and Saoeb, 0. S. Present Status of the Phosphatase Test. J. Milk 

. Pood Technol., 11: 67-75. 1948. 

(15) Sandebs, G. P., and Sageb, 0. S. Heat Inactivation of Milk Phosphatase in Dairy 

Products. J. Dairy Sci., 31: 845-857. 1948. 

(16) SoHABEB, H. A Rapid Phosphomonoesterase Tost for Control of Dairy Pasteurization. 

J. Dairy ScL, 21: 21-34. 1938. 



A STUDY OF THE DIACBTYL IN CHEESE. I. DIACETYL CONTENT 
AND FLAVOR OF CHEDDAR CHEESE^ 


HAEOLD E. CALBEET and WALTEE V. PEICE 
Department of Dairy Industry, University of Wisconsin 

Diacetyl is a prominent element in the flavor of many food products. This is 
true particularly of food products that are produced by a fermentation process. 

Prill et al. (9) have discussed the various properties of diacetyl as well as its 
higher homologues. In their work the general chemical structure of the alphor 
dicarbonyl compounds was presented with particular reference to the contribution 
of diacetyl and its homologues to butter flavor and aroma. While the influence 
of the diacetyl content on the flavor and aroma of butter and starter cultures has 
been investigated to a considerable extent, little work has been done to determine 
the diacetyl content of cheese. Both Crocker (2) and Davies et ah (6) have 
indicated that diacetyl could be a possible constituent of cheese aroma. In listing 
the various flavors of cheese, Davis (7) referred to the buttery aroma and sug- 
gested that the substance responsible was diacetyl. Davies et ah (6) attempted 
to determine the effect of adding diacetyl to the curd in making cheese. They 
reported that when diacetyl was added in the concentration of 1.7 p.p.m. to the 
curd, a cheese was produced that had a stinging effect on the tongue. 

In 1941, Csiszar and Bdkos (3) and Csiszar et oh (4, 5) conducted studies in 
Hungary on the diacetyl content of such types as Emmenthal, Ovdri, Trappist, 
Edam, Roquefort, Camembert and Romadour. These investigators reported that 
the aroma and quality in (theese were better when the cheese was made with a cul- 
ture which was highly active in acetylmethylcarbinol-diacetyl formation. The 
diacetyl content of the various types of cheese as reported by Csiszar et oh (4) 
ranged from none to as much as 1 mg. i)er 100 g. of cheese. This study was under- 
taken with these objectives: (a) to determine whether diacetyl is a component of 
cheese; (b) if diacetyl is present, to determine to what extent; and (c) to deter- 
mine whether there is a correlation between cheese flavor and the amount of 
diacetyl present in the cheese. 

METHODS 

The colorimetric metliod of Prill and Hammer (10) seemed to offer the best 
means of determining the relatively small diacetyl content of cheese. This method 
was very sensitive and could be adapted easily to routine analysis. To adapt this 
method to the determination of diacetyl in cheese, alterations which involved the 
preparation of the sample for analysis, a slight modification of the distillation 
apparatus and measurement of the concentration of ammono-ferrous dimethylgly- 
oximate by means of a Beckman spectrophotometer were made. 

Preparation of the cheese sample. Cheese, unlike butter cultures, cultured 
milks and butter, does not lend itself readily to steam distillation. Upon heating, 

Eeeeived for publication January 12, 1949. 

1 This work was supported in part by a grant from the National Cheese Institute. 

515 



516 


HAKOLD E. 0AL6ERT AND WALTER V. PRICE 


ihe cheese becomes a plastic mass with a tendency to retain any volatile com- 
ponents ordinarily removed by steam distillation of a liquid. Even after grind- 
ing, all of the diacetyl that is present cannot be removed from the cheese unless 
the sample is converted into a liquid form. 

Consistent results can be obtained if the sample of. cheese is treated in the 
following manner: A given weight of ground cheese (usually 200 g.) plus an 
equal weight of distilled water are placed in a Waring blender. The blendor is 
run at low speed for 2 min., followed by mixing at high speed for 3 min. Such 
treatment produces, for all practical purposes, a homogeneous suspension, as the 
data presented in table 1 indicate. The differences between the theoretical solids 


TABLE 1 

Solids measurements of cheese-mater mixtures as a criterion of homogeneity 


Sample 

no. 

Cheese 

Solids/lOO g. 
cheese- water mixtures 

difference 

Cheese 
equivalent 
to the 
difference 

Measured 

Calculated 


(^.) 

(a-) 

(S-) 


(ff-) 

1 

65.05 

32.90 

.32.53 

+ 0.37 

0.57 

2 

65.50 

32.60 

32.75 

-0.15 

0.29 

3 

64.95 

32.80 

.32.47 

+ 0.33 

0.51 

4 

65.40 

33.00 

32.70 

+ 0.30 

0.46 

5 

64.60 

32.80 

32..35 

-0.45 

0.68 


• Solids content determined by Official Methods (1). 


content of the cheese-water mixture, and the measured solids content were con- 
verted by calculation to their equivalent weights of cheese. The standard devi- 
ation of these differences was calculated and found to be equivalent to ± 0.38 g. 
of cheese. The maximum difference rarely should exceed three times the 
standard deviation or approximately ±: 1.14 g. of cheese when a 200 g. aliquot 
of the cheese-water mixture is used to represent 100 g, of cheese. 

Subsequent analyses indicated that only rarely would the diacetyl content of 
cheese exceed 0.1 mg. per 100 g. Therefore, the error in the amount of diacetyl 
measured by using this procedure would not exceed ± 0.001 mg. This amount 
of diacetyl is so small that it would not affect materially the final results of the 
determination. 

Modification of distillation apparatus. The distillation apparatus used for 
the determination of diaeetyl in cheese was essentially the same as described 
by Prill and Hammer (10). However^ instead of using glass discs in the reflux- 
fractionating column, the columns were packed with small pieces of 2 mm. glass 
tubing, about 5 to 10 mm, in length, 

A simple steam generator was made to insure a constant source of uncontami- 
nated steam. This generator was constructed in the following manner : Eleven 
ft. of nichrome wire with an approximate total resistance of 24 ohms was wound 
in the form of a coil and placed in the bottom of a 8-1. round-bottomed flask. 
Bach end of the wire was connected to a copper lead, sealed in glass tubing that 
passed through the rubber stopper. The other end of the copper lead was con- 
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nected to a rheostat connected to the 110-volt, A.C. outlet to control the flow of 
steam. A glass funnel with a section of rubber tubing and a pinchcock in the 
stem was passed through the rubber stopper. This provided a means of intro- 
ducing distilled water into the flask. A suitable outlet for the steam and a glass 
steam trap to collect the condensate also were provided. A steam generator of 
this design furnished an ample supply of steam for all distillations. 

Dimethylglyoxime was used as the diacetyl standard as originally proposed 
by Prill and Hammer (10). 

Spectrophotometric measurement of color. By measuring the intensity of the 
rose-red color complex with the Beckman spectrophotometer only one or two 
standards were needed for each group of determinations, rather than the range 
of standards mentioned in the original procedure. 

The absorption spectrum was established by measuring the transmittance for 
a particular concentration of the diacetyl standard at various wave lengths. The 
results were plotted in the form of a curve relating optical density to wave length. 
For these determinations a Beckman spectrophotometer (model DU) and 1.000 
cm. Corex cells were used. A nominal band width of 1 to 2 mfi, was used through- 
out the absorption spectrum determinations. The optical density was read di- 
rectly from the spectrox^hotometer. 

Solutions containing the equivalent of 0.02, 0.05 and 0.10 mg. of diacetyl per 
ml, were made from the di acetyl standard. The colored ammono-ferrous di- 
me thylglyoximate derivative was i)repared from each of these solutions according 
to the procedure of Prill and TTaramer (10). A blank determination on all re- 
agents was prepared at the same time. The optical density of these solutions 
was measured at various wave lengths ranging from 500 to 560 m^. Maximum 
absorption was obtained at 530 mfi. Within the range of concentrations tested. 
Beer’s law is applicable for this determination. 

The accuracy of this modification of the Prill and Hammer method for the 
determination of diacetyl in Cheddar cheese was determined by means of recovery 
tests. To samples of each cheese, which had been analyzed previously for diacetyl 
by the modified method, known quantities of purified diacetyl were added. The 
total diacetyl content of these cheese-diacetyl mixtures then was determined by 
the modified method. The results of these recovery tests are shown in table 2. 
The percentages of recovery ranged from 95 to 102.3 per cent. The method ap- 
peared to be of sufficient sensitivity to measure the diacetyl content of cheese. 

This modified colorimetric procedure was used for the diacetyl determinations 
of all lots of cheese. Duplicate samples of each cheese were analyzed. Samples 
were obtained by grinding either the whole cheese or a wedge of the cheese as 
described in Official Methods (1). 

EXPERIMENTAL RESULTS 

Twenty-eight lots of Cheddar cheese and eight lots of other varieties of cheese 
were selected for this investigation. The majority of the lots of Cheddar cheese 
had been manufactured at the Dairy Department of the University of Wisconsin. 
The rest of the lots were manufactured at various plants within the state of Wis- 
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cousin. Typical cheese was selected so that it would resemble the average cheese 
found on the commercial market. Usually little was known concerning the mak- 
ing process of any particular lot of cheese. Fourteen lots of the Cheddar cheese 
had been manufactured from pasteurized milk, the remainder from raw milk. 
The cheese ranged in age from 1 to 48 months. Each lot of Cheddar cheese was 
examined by a judging panel composed of from one to three competent cheese 
judges. Comments upon the flavor of each lot of cheese were made by each judge. 
The flavor criticisms used were the standard comments usually employed in evalu- 
ating the quality of a cheese on the basis of flavor (8). 

TABLE 2 
^Recovery tents 


Test 

no. 

Diaeetyl 
in cheese 

Diacetvl 

added 

Diaeetyl 

recovered 

Recovery 


(mg-) 

(mg.) 

(mg.) 

(%) 

1 

0.026 

0.009 

0.034 

97.25 

2 

0.026 

0.018 

0.045 

102.30 

3 

0.026 

0.027 



4 



0.069 

97.20 

5 

0 026 


0.113 

9.5.70 

6 

0.0.8.5 

0.017 

0.050 


7 

0.035 

0.034 


98.75 

8 

0.0.35 


0.084 

97.80 

9 

0.035 


0.100 

97.23 

10 

0.035 

0.085 

0.314 



Other varieties of cheese included in this investigation with the diacetyl con- 
tent of each lot (expressed as mg. per 100 g.) were as follows: Swiss (0.036), 
Brick (0.017), Limburger (0.021), Camembert (0.008), Bine Mold (0.030), Edam 
(0.043), Port Saint (0.074) and Cottage (0.029). 

To illnstrate the variations in the diac^tyl content of the different lots 
of Cheddar cheese, the 28 lots were classified according to the diacetyl content. 
The results of this grouping are shown in table 3. The majority of all lots con- 
tained less than 0.05 mg. per 100 g. of cheese. 

TABLE 8 

Diaoelyl in cheddar cheese^ 


Diaeetyl content 

No. of lots 

% of lots 

(mg./ g. of ehee$e) 
0.000-0.049 

16 

57.2 

0.050-0.099 

5 

17.8 

7.2 

0.100-0.149 

2 


• The diaeetyl content of the Cheddar cheese ranged from 0.016 to 0.335 mg./lOO g. 

Flavor dharacteristics were used to divide the 28 lots of Cheddar cheese into 
two groups. One group of "Excellent Flavor” consisted of lots which had no 
adverse flavor criticisms. The other group contained all lots that had adverse 
flavor eritieisms. These adverse flavor criticisms included anjihing from a very 
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slight off-flavor to a definitely objectionable flavor. This latter group was called 
the group with ''All Other Flavors.*' Each of these two flavor groups then was 
divided into two sub-groups based on the diacetyl content of the lot. One sub- 
group contained all lots with less than 0.05 mg. of diacetyl per 100 g. of cheese. 
The other sub-group consisted of all lots with more than this amount of diacetyl. 

The number of lots in each sub-group then was expressed as the per cent of 
the total lots in that flavor group. Seventy-nine per cent of the lots in the group 
with "Excellent Flavor" had a diacetyl content of less than 0.05 mg. per 100 mg. 
In the group with "All Other Flavors" 63 per cent of the lots had more than 
this amount of diacetyl. 

DISCUSSION 

The experimental data have shown that diacetyl was present in cheese both 
when it had an excellent flavor and when it was criticized adversely for flavor. 
The majority of the lots of cheese with an excellent flavor had a diacetyl content 
of less than 0.05 mg. per 100 g. of cheese. On the other hand, most of the lots of 
cheese with adverse flavor criticisms had a larger diacetyl content than this. The 
production of diacetyl probably was associated with other biological activities that 
produced substances that detract from the flavor of a cheese. The presence of 
these substances, and not the diacetyl content, probably was responsible for the 
. adverse criticisms of the cheese flavor. The data show that it was possible to have 
more than 0.05 mg. of diacejtyl per 100 g. of cheese without the production of the 
"flavor detracting" substances. Probably there is a maximum diacetyl content 
which, if exceeded, wdll cause adverse flavor criticisms. Frequently cheese judges 
identify the flavor as "acidy" when the cheese is normal in hydrogen ion con- 
centration and has no acid defects in body. Crocker (2) described the flavor of 
diacetyl as "pseudo-sour." It is highly probable that this "pseudo-sour" flavor 
of diacetyl gives the impression of "acidy" flavor in a cheese that shows no other 
signs of high acidity. 

Diacetyl seems to be an essential part of the flavor complex of Cheddar cheese. 
In amounts smaller than 0.05 mg. per 100 g. of cheese it is associated with excellent 
flavor qualities, but amounts in excess of this appear to be associated with adverse 
criticisms. 

summary 

Diacetyl is a prominent element in the flavor of many food products. To 
determine its presence in cheese and to make quantitative measurements of it, the 
colorimetric method described by Prill and Hammer (10) was modified. The 
color of the ammono-ferrous dimethylglyoximate formed in this procedure was 
measured spectrophotometrically. 

Diacetyl was found in all lots and kinds of cheese examined. The majority of 
the lots contained less than 0.05 mg. of diaeetyl per 100 g. of cheese. The diacetyl 
content of Cheddar cheese ranged from 0.016 mg. to 0.335 mg. per 100 g. of 
cheese. 

A small quantity of diacetyl probably contributes to the typical flavor of 
Cheddar cheese, fhe majority of the lots of Cheddar cheese with an excellent 
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flavor had a diacetyl content of less than 0.06 mg. per 100 g. Larger amounts of 
diacetyl than this frequently appear to be associated with flavor defects. 
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A STUDY OF THE DIACETYL IN CHEESE 
II. THE CHANGES IN DIACETYL CONTENT OF CHEDDAR CHEESE 
DURING MANUFACTURING AND CURING^ 

HAEOLD E. CALBEBT AND WALTEB V. PRICE 
Department of Dairy Industry^ University of Wisconsin 

A previous study has shown that diacetyl was present in all lots of Cheddar 
cheese analysed (3). In many of the lots the amount of diacetyl present in the 
cheese was much greater than could be accounted for by the diacetyl content of 
the original milk and starter culture from which the cheese had been made. 
Since the diacetyl content of Cheddar cheese has been related to the flavor of 
the cheese and appears to be an element of cheese flavor, a further study of 
the diacetyl in Cheddar cheese seems advisable. 

The purpose of this investigation was to measure the development of di- 
acetyl during the manufacturing and early stages of curing of both pasteurized 
and raw-milk Cheddar cheese. 

METHODS 

Manufacturing procedures. Six lots of Cheddar cheese were made on six 
different days. Three lots'were manufactured from milk pasteurized at 144® 
F. for 30 minutes. The other three lots were made from raw milk which had 
a reduction time of 4 hr. on the standard methylene blue test (1). The 
method of Price (11) was followed for all making operations. 

Two lots of identical milk were made into Cheddar cheese, the milk being 
pasteurized for one lot and raw for the other. These lots were used to study 
the diacetyl content of cheese during the early stages of curing. The curd 
was placed in square hoops, pressed, cut into 2-lb. blocks, then pressed again 
overnight. The blocks of cheese were removed from the press the following 
morning and placed on shelves in the curing room which was maintained at 
60 to 62® F. and at a relative humidity of 80 to 85 per cent. After 2 days, 
when the surfaces were sufficiently dry, each block of cheese was dipped into 
paraffin and packed in a wooden box. Each wooden box contained 10 of the 
2-lb. blocks of cheese. The boxes were covered to minimize drying of the 
cheese and were stored at an average temperature of 45® F. 

Sampling procedure. In the six lots used to study the development of di- 
acetyl during the making process, the diacetyl content of the starter and of the 
milk was measured. Samples were removed for diacetyl determinations at 
setting, cutting, dipping (curd and whey) and milling (curd and whey). 

Blocks of the two lots of cheese used to study the diacetyl content during 
the early stages of curing were ground and duplicate aliquot samples were 
prepared from each block. 

Received for publication January 12, 1949. 
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The diacetyl content of all samples was determined by the modified colori- 
metric procedure (8). 

EXPERIMENTAL RESULTS 

Development of diacetyl during the manufacturing procedure. The di- 
acetyl measurements at the various steps during the making of the 6 lots of 
Cheddar cheese are shown in table 1. The diacetyl contents of the three lots 

TABLE 1 

Viaoetyl measurements du/ring the making of six lots of Cheddar cheese 


]^aterial 

Loti 

Lots 

Lots Lot4 

Lots 

Lots 

Milk 

0.002 

0.002 

(mg./lOO g.) 

0.002 0.003 

0.002 

0.002 

Starter 

0.037 

0.085 

0.115 0.040 

0.037 

0.070 

Milk at setting 

0.009 

0.012 

0.015 0.005 

0.006 

0.007 

Curd before cutting 

0.010 

0.013 

0.017 0.005 

0.007 

0.008 

Dipping 

Curd 

0.034 

0.042 

0.021 0.024 

0.037 

0.031 

Whey 

0.007 

0.015 

0.015 0.007 

0.008 

0.010 

Curd 

0.035 

0.047 

0.014 

0.030 

0.058 

Whey 


0.023 

0.022 0.024 


0.030 


of raw milk at setting were lower than those of the three lots of pasteurized 
milk. This also was true of the measurements made of the diacetyl in the curd 
just prior to cutting. 

Lots 2 and 4 were used as typical lots to calculate the quantity of diacetyl 
produced during the making of pasteurized-milk and raw-milk Cheddar cheese. 
The amount of diacetyl present at each step during the making procedure was 
calculated as the total milligrams of diacetyl present in either the weight of 
milk in the vat or the combined weights of curd and whey. 

The quantity of diacetyl produced during the making of lot 2, a pasteur- 
ized-milk type of Cheddar cheese, was as follows : from the start of the making 
and up to the time of setting, 19.44 mg. ; from setting to cutting, only 2.15 mg. ; 
from cutting to dipping, 12.50 mg. ; and from dipping until milling, 11.90 mg. 
The total increase of diacetyl was 45.99 mg. 

A total of 39.16 mg. of diacetyl was produced during the making of lot 4, 
a raw-milk type of Cheddar cheese. Of this total, 1.42 mg. was produced 
prior to setting; none from setting to cutting; 9.50 mg. from cutting to dip- 
ping; and 28.74 mg. from dipping to milling. 

Diacetyl content during the early stages of curing. The diacetyl content 
of a sample from a block of cheese representing each vat lot was determined 
at pressing and at 3, 18, 28, 34 and 45 days after pressing. 

She gradual decrease in the diacetyl content of each type of Cheddar 
eltfBaa during the early stages of curing is shown in table 2. 
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DISCUSSION 

It is very likely that the diacetyl which is in cheese originates in a manner 
comparable to its formation in starter cultures. In starter cultures diacetyl is 
formed by bacteria acting upon the lactose and citrates. Van Beynum and 
Pette (13) have described the formation of the diacetyl from the citrates. 

Many investigators have shown that diacetyl is a constituent of the desir- 
able flavor and aroma in butter cultures (8). The organisms responsible for 
the production of this desirable flavor and aroma are Streptococcus lactis, 
Leuconostoc dextranicum {Streptococcus paracitrovorus) and Leuconostoc 
citrovorum {Streptococcus citrovorus) (7). Wilster and Price (15) have 
pointed out that these same organisms always are present in a good cheese 
starter as used in this country. It is primarily through their action that the 
lactose and (dtrates of the milk might be converted into fermentation products 
such as diacetyl in the cheese. 


TABLE 2 

Diacetyl content of Cheddar cheese during early stages of curing 


Diacetyl content 



Pasteurized-milk type 

Raw>mUk type 

(d.) 

% {mg./ 100 g.) 

(mg./lOO g.) 

0 

0.046 

0.035 

3 

0.042 

0.032 

18 

0.033 

0.017 

28 

0.025 

0.021 

34 

0.025 

0.016 

45 

0.027 

0.017 


Many workers have shown that aeration and increased acidities favor the 
production of diacetyl in starter cultures. Prill and Hammer (12) noted that 
aeration of ripening starter cultures by shaking produced significant increases 
in the diacetyl, while the lack of aeration caused decreases in the diacetyl. 
They also noted that lowering the pH of the starter culture tended to increase 
the diacetyl content. Hedrick and Hammer (9) pointed out that an increased 
diacetyl content could be obtained in ripening cream by development of higher 
acidities and use of agitation. Increases up to several hundred per cent in 
the diacetyl content of starter cultures were noted by Brewer et aL (2) when 
air was bubbled through the starter culture. Cox (4) studied the effect of 
acidity on the production of diacetyl by betacocci in milk. His investigations 
were in the pH ranges of 5.5 to 4.4. He found that the rate of growth of the 
organisms was slower progressively with decreasing pH, but at least as much 
diacetyl was formed eventually at the low pH values as at high pH values. 
The results of Cox’s investigations showed that there was an alteration in the 
metabolism of the organisms, the diacetyl producing power per unit cell in- 
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creasing with decreasing pH, According to van Beynum and Pette (13), the 
diacetyl was produced from citric acid only when the medium was acid and 
the conditions aerobic. 

The same factors as discussed above also influence the rate of diacetyl pro- 
duction during the making of Cheddar cheese. The experimental data of this 
study with Cheddar cheese show that while the milk and starter are being stirred, 
prior to the time of setting, there is an increase in diacetyl. This stirring or 
agitation provides a means of aeration that would be expected to favor di- 
acetyl production. Little diacetyl is produced between the time of setting and 
the time of cutting. During this period the material in the vat is quiescent, 
and the aeration that occurs at other times during the making procedure is 
lacking. Also, the pH at this time is much higher than it is later in the mak- 
ing procedure. This combination of factors does not encourage diacetyl pro- 
duction. From the time of cutting until the time of dipping, the material in 
the vat is stirred continuously. This aeration favors the production of di- 
acetyl. From the time of dipping until milling diacetyl production is favored 
by the rapidly decreasing pH in the curd and whey. 

In the six lots of cheese used in this investigation, the rate of diacetyl pro- 
duction during the early steps of the making procedure appears to be slower 
in the raw-milk than in the pasteurized-milk Cheddar cheese. The nature of 
the experimental procedure does not establish this as an actual fact. The 
trend is most interesting and might be investigated further because it sug- 
gests the action or influence of: (a) either substances or microorganisms in the 
raw milk that slow down or retard the production of diacetyl by the “aroma- 
formers’’ until later in the making procedure, (b) lack of oxygen or a lower 
oxidation-reduction potential in the raw milk that prevents or slows down the 
formation of diacetyl. 

The microorganisms responsible for the formation of diacetyl in starter 
cultures probably are present during the making of cheese. Factors that in- 
fluence the formation of diacetyl in starter cultures undoubtedly also influence 
its formation in cheese. Therefore, the diacetyl formed during the making of 
Cheddar cheese probably comes from the same source and is produced in the 
same manner as the diacetyl produced in starter cultures. 

A gradual decline in the diacetyl content of both the pasteurized-milk and 
raw-milk Cheddar cheese was noted during the early stages of curing. This 
parallels observations which have been made by several investigators on the 
decline in the diacetyl content of butter during storage. According to Lang- 
ton (10), the gradual disappearance of diacetyl in butter is caused by volatili- 
zation. On the other hand, many investigators, including Elliker (6), have 
indicated that some of the diacetyl in butter is reduced to acetylmethylcarbinol 
and 2,3-butylene glycol by the action of microorganisms, Virtanen and Kon- 
tio (14) added known amounts of diacetyl to samples of milk; the milk then 
was inoculated with cultures of microorganisms that had been isolated from 
butter. A decline in the diacetyl content of the milk samples was caused by 
the action of the microorganisms. 
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These factors responsible for the decline in the diacetyl content of butter 
during storage also may explain the decline of diacetyl in cheese. Carbon 
dioxide and moisture are lost in large amounts by volatilization from the sur- 
faces of the cheese in the early stages of curing. This action would be ex- 
pected to remove volatile substances like diacetyl from the cheese. The changes 
in the oxidation-redaction potential of the cheese during curing (5) may cause 
the diacetyl to undergo chemical changes. Undoubtedly, the microorganisms 
present in the cheese during this period are responsible in part for the decline 
in diacetyl. The decline of the diacetyl content in the cheese probably can be 
attributed to a combination of these physical, chemical and biological influences. 

SUMMARY 

Diacetyl is produced throughout the manufacturing process of Cheddar 
cheese except during the interval between setting and cutting. Agitation and 
increased acidity were factors associated with the increase in diacetyl content. 

The diacetyl in Cheddar cheese probably is produced by the action of micro- 
organisms upon the citrates in a manner similar to its production in starter 
cultures. 

A gradual decrease in the amount of diacetyl in both raw-milk and pas- 
teurized-milk Cheddar cheese was noted during the early stages of curing. 
This decrease probably is^ caused by volatilization of the diaeetyl and by its 
reduction to aeetylmethylcarbinol and 2,3-butylene glycol as a result of chem- 
ical reaction or the action of microorganisms. 
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COBALT TOLERANCE IN YOUNG DAIRY CATTLE^ 

H. A. KEENEB, G. P. PEBCIVAL AND K. S. MOBBOW 
New Hampshire Agrieultural Experiment Station, Durham 
AND 

G. H. ELLIS 

JJ. 8. Plant, Soil and Nutrition Laboratory, Ithaca, N. F. 

Cobalt deficiency has been reported to be rather widespread in the United 
States and Canada, as well as in various other parts of the world. In spite of the 
fact that numerous publications which deal with various phases of this deficiency 
are available, little information on the tolerance of ruminants to the feeding of 
this element has been found. Josland (5) reported from New Zealand in 1937 
that when four ewes were drenched daily for 7 months with 1 mg. of cobalt (from 
the sulfate) per 200 g. body weight, one developed a polyc 3 rthemia within 3 
months, two became mildly anemic and one was not affected. No toxic effects 
were observed. In 1945, Geyer et al. (4) reported that the tolerance of the bovine 
to cobalt is high and that feeding as much as 50 mg. per day did not produce poly- 
cythemia. Ely et al. (2) reported in 1946 that there are relatively wide varia- 
tions in the tolerance of individual animals to high doses of cobalt salts. A 
detrimental effect on the appetite was reported for animals which received exces- 
sive cobalt orally, while excessive intravenous injections produced rapid respira- 
tion, incoordination, laerimation, salivation, defecation and urine leakage within 
1 to 5 minutes after injection. Very recently Ely et al. (3) reported that equiva- 
lent amounts of cobalt fed as the sulfate, chloride or carbonate were equally toxic 
to the dairy calf if fed in amounts in excess of 40 mg. daily per 100 lb. of body 
weight. 

After Keener et al, (6) reported in 1944 that cobalt deficiency existed in New 
Hampshire, further results of these workers as well as the experiences of farmers, 
veterinarians, and feed dealers showed that the deficiency was widespread in that 
state. Since it was obvious that the feeding of supplemental cobalt would become 
a common practice, first-hand information on the tolerance of the bovine to cobalt 
seemed necessary. The experiment reported here, a preliminary report (7) of 
which was given in 1947, was undertaken for that purpose. 

EXPERIMENTAL PROCEDURE 

This study was started in September, 1944, and the last animals were removed 
from the experiment on January 1, 1947. All animals were either purebred or 
high grade Holsteins. Those calves which were placed on the experiment at an 
early age were changed from whole milk to reconstituted skim milk at 1 to 2 weeks 
of age and received this until 6 to 10 weeks of age. They were fed a concentrate 
mixture consisting of 3 parts of ground corn, 3 parts of ground oats, 3 parts of 

Beceived for publication January 20, 1949. 

^ Scientific contribution no. 124 of the New Hampshire Agricultural Experiment Station. 
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wheat bran, 1 part of soybean oil meal and 1 per cent salt throughout the time 
they were on experiment. The roughage fed was a grass hay of average quality. 
Water was furnished twice per day in individual pails to prevent the control 
animals from receiving cobalt. Gobaltous sulfate (G. P.) was used as the source 
of cobalt. It was fed to the first group of animals once per day in the drinking 
water. All later animals were given cobalt twice a day in the same manner except 

TABLE 1 

Summary of level and duration of cohalt feeding and the weight and health of calves 


Animal Sex 


Age Time 
at on Cobalt 
begin- cxperi- level 
ning meat 


Bodj weight 


General condition 





(mg./a./100) 




(iBfc.) 

(wh.) 

Ih, body 

(lb.) 

ilh./d.) 





wt) 






GROUP I 



43 

M 14 

28 

100* 

228 

2.14 

Normal 



13 

400* 

648 

1.71 

Indications of hyperchromenua 



16 

1000* 

804 

0.87 

Rough coat, lacked muscular 







coordination, improved some 

44 

F 12 





at end of period. Hyper- 
chromemia 

28 

25* 

181 

1.65 

Normal 



13 

200* 

505 

1.90 

Normal 



16 

500* 

678 

1.03 

Normal 



14 

none 

794 

0.84 

Normal 



4 

2000* 

876 

-0.96 

Off feed at intervals, hyper- 



21 




chromomia 



none 

849 

1..30 

Returned to normal after few 

45 






wk. 

P 4 

31 

none 

102 

1.71 

Normal 





GROUP II 



77 

M 2 

10 

none 

90 

1.26 

Normal 



11 

none 

178 * 

1.31 

Normal 



20 

none 

279 

1.41 

Normal 



13 

none 

476 

1.47 

Normal 

78 

M 1 

7 

none 

610 

1.77 

Normal 

9 

none 

86 

1.30 

Normal 



11 

20 

50 

10 

168 

248 

1.04 

1.54 

Indications of hyperchromemia 
Normal 



13 

50 

464 

1.64 

Normal 

79 

M 1 

7 

7 

100 

none 

613 

86 

1.41 

1.02 

Indications of hyperchromemia 
Normal 



11 

20 

90 

30 

136 

211 

0.97 

1.47 

Indications of hyperchromemia 
Normal 



13 

30 

417 

1.88 

Normal 



7 

75 

588 

0.77 

Indications of hyperchromemia 


^ Total eobalt fed daily. 


in those instances where the amount was so large that the animals would not drink 
the water containing it. In this case it was given as a drench twice a day. Calves 
were kept in individual pens. Weights, heights at withers and chest circumfer- 
ences were determined weekly. Hemoglobin determinations were made peri- 
o^cally on each animal throughout the experiment. Packed red cell volume deter- 
minations were made on all but the first group. The uniniiils in groups 11 and 
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IV were slaughtered at the end of the experiment so tissues could be taken for 
cobalt analysis. 

RESULTS 

A summary of the rates of cobalt feeding and the results obtained with each 
animal is given in table 1. The animals in group I were used in preliminary 
studies and cobalt was not fed according to body weight. However, cobalt was 


TABLE 1 — {Continued) 




Age 

Time 


Body weiglit 


Animal 

Sex 

begin- 

ning 

experi- 

meat 

level 

Begin- 

ning 

Gain 

General condition 





{mg. /d./ 100 






{wJc.) 

(wh.) 

Ih. body 

{lb.) {Ib./d.) 






Wt.) 








GROUP III 



80 

F 

40 

14 

none 

473 

1.40 

Normal 



(est.) 

2.S 

30 

610 

1.43 

Normal 




U 

30 

838 

1.43 

Normal 




7 

75 

968 

0.16 

Normal 

81 

P 

42 

13 

none 

498 

1.23 

Normal 



(est.) 

23 

30 

610 

1.27 

Normal 




13 

' 50 

815 

1.32 

Indications of hypercliromemia 
Slight hypcrchromemia 




7 

100 

935 

0.12 





GROUP IV 



82 

M 

o 

4 

none 

93 

1.50 

Normal 




J1 

none 

134 

1.05 

Normal 




20 

none 

215 

1.60 

Normal 




13 

none 

439 

1.86 

Normal 




7 

none 

608 

0.75 

Normal 

srj 

M 

1 

4 

none 

81 

1.11 

Normal 




n 

50 

113 

0.75 

Indications of hypercliromemia 




20 

10 

170 

1.48 

Normal 




13 

50 

378 

1.46 

Normal 




6 

100 

511 - 

-0.21 

Listless, poor appetite, unsteady 
gait, hyperchromemia 




1 

none 

502 - 

- 2.43 

Some improvement in condition 

84 

fM 

o 

4 

none 

137 

1.07 

Normal 




11 

90 

157 

0.82 

Slight hyperchromemia 




20 

30 

320 

1.51 

Boturned toward normal 




13 

30 

431 

1.26 

Normal 




7 

75 

546 

1.04 

Tiistless, slight hypercliromemia 


fed to all other animals in proportion to body weight. With the remaining calves, 
there were three groups based on age and period on the experiment. In both 
groups II and IV, a negative control was maintained. Group HI consisted of 
two animals placed on the experiment at an older age. 

Figure 1 shows the effect of the level of cobalt intake on the hemoglobin con- 
tent of the blood. Since the values obtained for packed red cell volume parallel 
rather closely those obtained for hemoglobin, the packed red cell volume values 
are not given. 
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Because of differences in the response of various animals, it was not possible 
to determine accurately the maximum rate of cobalt feeding which would not 
produce deleterious effect. However, cobalt in the form of cobaltous sulfate did 
not produce any apparent harmful effects until fed at a rate approaching 50 mg. 


COBALT 

m 


COBALT WTAKB^/ia BAILY/JOO JLBS^ BODY WCIGHT 


0 


li 


COBALT jrfTAKE^/^mJLr/JOOlBO,BOBr VmiGHT 


-«•— io — — -Mhm 




^ /a BO 2d 36 ^ SI 60 $6 76 5^ 32 200 

W££KS Oh CXPERIMEJiT 

FiO. 1. Curves showing hemoglobin levels and rates of cobalt feeding for the various calves. 


daily per 100 lb. body weight for a period of many weeks. With number 84, the 
hemoglobin and packed red cell volume levels appeared to be a little higher than 
normal, if compared to values obtained from the other calves. However, if one 
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considers hemoglobin values of 10.9 it 0.86 g. per 100 ml. for cows and 12.8 it 0.8 
for bulls as given by McCay (8) to be normal for these animals, neither number 
84 nor any of the other animals could be considered to show hyperchromemia ex- 
cept at the highest levels of cobalt intake. In determining the earliest S3rmptoms 
of excess cobalt consumption, hemoglobin and packed red cell volume changes for 
each period were given as much consideration as the actual hemoglobin and 
packed red cell volume levels. 

When cobalt levels of 60 mg. daily per 100 lb. of body weight were fed for 
periods of many weeks, there usually was an increase in hemoglobin and packed 
red cell volume. This increase was almost imperceptible in some cases and very 
marked in others. The relationship between the level of cobalt intake and the 
increase in body weight and height at withers was in line with the conclusions 
drawn from the blood studies. No depressing effect on growth was noted on any 
animal which received less than 50 mg. of cobalt per 100 lb. of body weight per 

TABLE 2 

Cohalt content of kidney and liver tiesue 


Cobalt content of : 


Jiu. 


Kidney 

Liver 


% 

(y/^* ^*0** 

dry wU)^ 

77 (control) 

a 

0.26 

0.49 

b 

0.31 

0.44 

78 

a 

2.4 

2.1 


b 

2.5 

3.3 

79 

a 

1.9 

7.1 


b 

2.4 

7.0 

82 (control) 

a 

0.41 

0.85 


b 

0.33 

0.61 

8‘1 

a 

4.9 



b 

5.4 

4.4 

84 

a 

4.2 

15.4 


b 

2.2 

4.3 


« Taken from different parts of organ. 

^ Av. of duplicates in most eases. 

day. However, there was a depressing action in some cases when cobalt was fed 
at higher levels and particularly when more marked effects were noted in the 
blood and externally. With the most severe external symptoms, a loss of weight 
was observed. 

Definite external effects of excessive cobalt consumption were observed only 
on a few animals which had been fed at rates approaching at least 100 mg. of 
cobalt per 100 lb. of body weight per day for many weeks. One animal showed 
some effect in 4 weeks when fed a little over twice this amount. These external 
effects were rough hair coat, listlessness, depressed appetite, decreased water 
consumption and lack of muscular coordination. In fact, they appeared to be 
in general almost the same as for cobalt deficiency. However, the blood picture 
was quite the opposite. 
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The effect of feeding relatively large amounts of cobalt over considerable 
periods of time on the storage of cobalt in the tissues of the liver and kidneys is 
shown in table 2. Although the cobalt content of these tissues from the animals 
fed cobalt was several times as high as those from the controls, it is still relatively 
low when one considers the amounts of cobalt fed and the fact that the results 
were expressed on the basis of dry weight. Since, according to the data of 
Comar and Davis (1) orally administered cobalt is stored to a much greater ex- 
tent in the liver and kidney than in most other organs of the body, it would ap- 
pear that there is little possibility that excessive concentrations of cobalt will be 
stored in the various organs of the body when the animal is fed this element at 
the usual rates. 

The results obtained in this experiment indicate considerable variation in the 
response of different animals to high rates of cobalt feeding. The rates of feed- 
ing generally followed allow a wide margin of safety. The practice usually fol- 
lowed by feed manufacturers in this area of supplementing with approximately 
2 g. of cobalt sulphate or equivalent per ton of mixed feed generally furnishes 
less than 1 per cent of the tolerance level determined in this experiment. 

SUMMARY 

1. An experiment was carried out with growing Holstein dairy cattle to de- 
termine the amount of cobalt they can consume continuously with safety over 
a considerable period of time. 

2. There was considerable individual variation in the tolerance level. 

3. The oral consumption of a small excess of cobalt sulfate produced an in- 
crease in hemoglobin and packed red cell volume. 

4. The oral consumption of a greater excess of cobalt sulfate resulted in loss 
of appetite, decreased water consumption, rough hair coat and a lack of muscular 
coordination, as well as an increase in hemoglobin and packed red cell volume. 

5. High levels of cobalt as fed during this experiment increased the cobalt 
content of kidney and liver tissues to several times that of the controls, but in 
light of the levels fed and the duration of the feeding, these accumulations are 
considered to be low. 

6. Growing dairy animals as maintained on this experiment appeared to be 
able to consume daily up to approximately 50 mg. of cobalt per 100 lb. of body 
weight from cobaltous sulfate for many weeks without definite harmful effects. 

7. The levels of cobalt generally added to concentrate rations by feed manu- 
facturers and those generally recommended for inclusion in mineral mixtures 
appear to afford a wide margin of safety. 
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FINAL CREAM QUALITY RESULTING FROM KEEPING DELIVERIES 
SEGREGATED VERSUS MIXING AS PRACTICED 
IN BUYING STATIONS^' 2 

T. J. CJLAYDON and W. H. MABTIN 
Kansas Agricultural Experiment Station, Manhattan 

Segregation of farm-separated cream according to grades in the buying sta- 
tion generally is considered to be conducive to higher average quality at the 
creamery than when different grades of cream are mixed at the time of purchase. 
This tenet is supported by the dairy laws of various states which specify that lots 
of first and second grade cream are not to be mixed in the buying stations. 
Manhart (3), in discussing the requirements of the 4-day plan of cream grad- 
ing, stated that the mixing of undergrade cream with good cream in the buying 
station was detrimental to the program. 

In some areas, however, relatively little grading or segregation is practiced 
in the station and cream is mixed indiscriminately as a matter of convenience 
in handling and shipping. Commonplace as is the recommendation to S(igregate 
cream, no published data have been found on the merit of the practice under 
field conditions. If segregation on a grade basis is an important factor in cream 
quality, then some system of segregation of individual deliveries of (*ream should 
enhance quality further. The study herein reported was initiated to appraise 
the value of such individual segregation as one of the steps in marketing good 
quality cream and also to estimate the effect of indiscriminate mixing as practiced 
in many buying stations. 

METHOD^ 

The study was carried on over a period of 11 months from April, 1947, to 
February, 1948, so that any seasonal influences would be included. All cream 
used in the study was obtained from deliveries by producers to cream stations 
under normal operating conditions and generally represented the quality range 
of cream so marketed in Kansas. Due to the practical difficulties involved, the 
segregation trials were conducted on small lots of cream under controlled labora- 
tory conditions simulating those encountered in practice. 

Sampling procedure. Cream stations were visited on days when receipts 
were expected to be relatively large, so that the samples obtained would repre- 
sent a larger proportion of the cream marketed. Three samples were taken di- 
rectly from the well-stirred cream of each delivery and placed in clean, dry, 6-oz. 
sample jars. The ladle used for sampling was rinsed in warm water and then in 
a hypochlorite solution (200 to 300 p.p.m.) after sampling each delivery to 
minimize contamination from one lot of cream to the next. One sample from 

Beceived for publication Januaiy 20, 1949. 

1 Contribution no, 183, IXepartment of Dairy Husbandry. 
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each delivery was placed immediately in ice water. The other two samples were 
held at station temperature until all samples for the day were obtained. 

After sampling, the cream delivered by producers was dumped into 10-gallon 
cans in the usual manner followed in buying stations where segregation on a 
grade basis is not practiced. As each 10-gallon can was filled, a record was made 
of the individual deliveries contained. Samples then were taken from the full 
cans in the same manner as from the separate lots of cream delivered by pro- 
ducers, one being placed in ice water. Thus the samples from the 10-gallon 
cans contained mixed cream representing deliveries from several patrons. At 
the end of the buying day all cream samples were returned to the laboratory. 
The iced set of samples was held iced until analyzed, usually a 16- to 24-hour 
period. The other two sets of samples were placed at different holding tempera- 
tures. 

Holding temperatures. In view of the fact that much cream receives little 
cooling after it has been purchased in the station, consideration was given to 
the effect of holding conditions on the comparative quality of segregated and 
mixed cream. A temperature of 80° F. was considered to be an approximate 
average at which cream often is held during hot weather. As representative of 
conditions that might be attained where effective cooling is provided, 50° F. was 
selected. These two temperatures were used in the investigation for holding the 
cream. It should be noted that holding at the different controlled temperatures 
started at the end of the buying day to simulate different handling practices that 
might be applied at that time. The procedure generally conforms to practical 
conditions since in those stations where cooling facilities are available they fre- 
quently are not employed until the end of the buying day. Since the length of 
time between the purchase of cream at the station and churning at the creamery 
sometimes extends to 2 days, this period was used for holding the cream samples 
at the above temperatures. 

Examination of samples. To indicate the quality of the cream when received 
at stations, examinations were made on the iced samples representing both indi- 
vidual deliveries and 10-gallon cans of cream as mixed in stations. As a further 
indication of average quality, tests were made on a composite sample prepared 
from the individual samples, representing all cream obtained at a station. 

To compare the effect of segregating versus mixing cream, at the end of the 
holding period in each trial, a composite sample was made of all 10-gallon can 
samples obtained at the station. This was compared with a proportional com- 
posite taken from all individual samples. As a further measure of the effect 
of segregation, in all but the first three trials, composite samples were pre- 
pared from the individual samples representing each 10-gallon can of cream. 
These composites then were compared with the corresponding 10-gallon can 
samples. 

Quality deternvinations. Quality was determined on the basis of organolep- 
tic tests supported by titratable acidity, formol titration and mold content. 
Cream samples were scored for flavor according to the method common in the 
butter industry where the numerical score is based on the estimated commercial 
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grade of butter that should be obtained. Such flavor scores were used in 
preference to grades so that smaller differences in quality could be designated. 
Samples were scored by two experienced judges working independently. Acid- 
ity determinations were made by titrating 9 g. of cream plus 9 ml. of distilled 
water with 0.1 N NaOH, using phenolphthalein as the indicator. Formol titra- 
tions were made by the method used by Martin et al, (4) except that 2 ml, of 
formalin were used instead of 10 ml. The mold content of cream was deter- 
mined by the Parsons modification (5) of the Wildman methylene blue-borax 
procedure (6). The mold pads were scored according to a modification of the 
American Butter Institute tentative mold standard for cream, with the follow- 
ing numerical values being assigned to each grade. 

American Butter Institute mold standard ; Good ; Fair ; Poor ;VeryPoor ; 
Corresponding scores used in this study: 1 2 3 :4 5 6:7 8 9 : 10 11 12 : 

Mold tests were made on the segregated and mixed cream only after holding. 

RESULTS 

During the 11-month period of the study 12 different trials were conducted 
involving cream deliveries from 182 producers delivered at 7 different cream 
buying stations. The stations were located in five towns in four Kansas coun- 
ties. The number of deliveries sampled per station contact averaged slightly 
more than 15 and ranged from 7 to 21. 

The quality of the cream obtained at the station before holding as represented 
by composite samples of the day’s purchase in each trial is shown in table 1. 
The range in flavor scores of individual deliveries of cream is included. Also 
shown is the comparative quality of segregated and mixed cream as represented 
by composite samples prepared after holding the cream by each method for 2 
days at 50° F. After holding there was little difference between the composite 
quality of the segregated cream and the mixed cream as indicated by flavor 
score, titratable acidity, formol titration and mold content. The average change 
in quality was a reduction of 0.7 in flavor score for both the segregated and 
mixed cream, with increases in acidity of 0.12 and 0.14 per cent, respectively. 
In some instances part of these changes probably were initiated during the 
period in the stations. Although there were inconsistencies in the formol titra- 
tions, the average values for both the segregated and mixed cream were near 
that of the cream before holding. The average mold content was about equal 
for both holding methods. 

After being held 2 days at 80° F., the average composite quality of the segre- 
gated cream was little different from the average composite quality of the mixed 
cream (table 2). However, several trials showed an’ advantage for the segre- 
gated cream. As would be expected, deterioration was more extensive at 80° P. 
than at 60° F. The average quality change involved a reduction in flavor score 
of 1.6 for the segregated cream and 1,8 for the mixed cream, with increases in 
acidity of 0.36 and 0.42, respectively. Although the formol titrations again 
showed variations, the average increases were almost equal, being 0.56 and 0.62 



TABLE 1 


SEGREGATION VS. MIXING OF CREAM 


537 







o 00 o to CO a» 00 00 ud o 
* 04 Gaeoe 9 eooaoj?H 03 ei 


;^.Qqq^.O>t>;QO<M.IOr^ 

‘cqcieoeiNcacocgoMoa 


OOOOOOiHOiHOOO 


OOOOOOi-tOOOOO 


to lO to to 

00 *~<OOtOOtOOtOrHiH 

OtOtO^OtOOOtOOOtOOOtOtOt 


to O »H Oi p P '<1J P 
cjoicoNcieoDioaej 


•O> 0 > 0 »O 0004 C 0 e 0 '^r -«10 

tOtOlCCPpptOODCO' 41 '^ 

ooooddoodoo 


04o3O9O9IMr-«rHeOr-ie0eQ< 

^^C|SCj>^C»C|>Gj>C 0 CJ>^C 

oodootctQoototoooott 

ooQOCOOoaooooocioaoaoooc 




fHeoeo<4<u9«otooootOiHe(i 




538 


T. J. OliATDON AND W. H. MARTIN 



to Ud ko ^ b- «0 Ud > b« lO 


to U) CO «D <44 b* « 00 « ‘Ud to 


• eototoooi>.otkq'tiji>e<) 
coGjcoe4eoej<^eoeoo4 


^ I oq CO to ot b* b^ (N to 00 

g • eo 03 eo 00 CO oi eo oi oi 


^ oqaqoibetaqotqeocDeqi'<;b^ 
OOOOOT^r-lTHtHrioO 


^.OOOOOOfHiHi-tfHOO 


to to to to 

OtOOO&OOOtOtOOOOtOCSt 

OOOtOtOOOOOOOOOtQDaOOkOO 


■tOOtHOtxiJOOi'xiJO 
(N 04 CO 00 oi CO 00 CO 03 


^ ' 0> 0» at O 00 O) CO CO <<44 ?H to 
^ loiqiocqcqoqiooqcq'^'iiit 
^ ooooooooooo 


to to to to to 

iHr-IrtOTHOOr-iOrHiHiH 

otatotatotototatatotatot 


eiO1CO0000»-lfHCOr-teOO4CO 


000 > 00 b«iHb»t 00 »Oa»' 0 (t 0 03 

lH r-4 T-l 04 T-l 04 iH iH T-t 00 


Illlllflll'JSI 


F-l00C0'«|4t0C0b*000»OrHe 



SEGREGATION VS. MIXING OF OREAM 


539 


for the segregated and mixed cream, respectively. There was no practical dif- 
ference in the average mold content. 

Trials 4 to 9 inclusive (tables 1 and 2) generally reflect the quality situation 
existing during the warmer months. Although there were exceptions, as would 
be expected, the average quality of the cream at the time of purchase was lower 
during the summer months than during the remainder of the year. - 

During the study it frequently was evident that the higher quality cream 
deteriorated a greater proportionate amount than did the lower quality cream. 
Although this characteristic sometimes is recognized, it often receives little con- 
sideration in actual commercial operations. To determine the influence of 
quality on the extent of deterioration in the segregated and mixed cream the 
data from trials showing comparisons on a 10-gallon can basis were grouped 
according to flavor scores of the 10-gallon lots of cream. Such cream scoring 
91 and over when purchased comprised the better group and cream scoring un- 
der 91 represented the poorer group. These data are summarized in table 3 for 
both of the holding temperatures and with the average results on all cream in- 
cluded for comparison. The average quality of the better cream is indicated by 
a flavor score of 91.4, an acidity of 0.52 and a formol titration of 2.41. The 
poorer quality cream had an average flavor score of 90.1, with acidity and formol 
titrations of 0.79 and 3.08, respectively. 

With the better cream very little difference in quality resulted from segre- 
gation or mixing. With th^ poorer cream the differences were somewhat greater, 
particularly as shown by acidities and formol titrations of the samples held at 
80° F. However, in the quality range involved, the differences appear to be of 
little practical importance. At 80° F. the better cream showed more deteriora- 
tion in quality than the poorer cream. The average flavor score of the better 
cream dropped 2.1 points in both the segregated and mixed cream, compared 
to corresponding changes of 1.4 and 1.6 in the poorer cream. Although the 
actual increase in acidity was less, the proportionate increase was greater. At 
50° F. the drop in quality was slightly greater for the better cream, but the dif- 
ference was too small to be of practical significance. Although the better cream 
deteriorated more at 80° F. than the poorer cream, its av(*rage (juality after 
holding 2 days generally was the same as that of the poorer cream held at 
50° F. 

DISCUSSION 

The cream used in the study was obtained under practical conditions and 
generally represented the quality marketed through cream stations in Kansas. 
With such cream the principal cause of low quality is deterioration. Although 
the investigation was conducted on small lots of cream rather than on com- 
mercial quantities, the results on segregation and mixing of cream show the 
comparable effects of these treatments and indicate what might be expected un- 
der commercial conditions. 

During the study formol titrations on some samples failed to show a consis- 
tent relationship to other quality measures. This characteristic has been noted 
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by other workers (2, 4). Conversion of results to a fat-free basis did not give 
greater uniformity. Inconsistencies were more frequent on composite samples. 
Nevertheless the over-all average changes in formol titrations generally were 
in agreement with other quality changes and thereby supported the other meas- 
ures of quality. 

Mold tests also showed some inconsistencies between samples. However, this 
is not unusual when small lots are involved (1). The over-all average of re- 
sults was in general accordance with the cream quality. With the recognized in- 
fluence of such factors as proportionate surface area and size of delivery, it is 
difficult to predict the influence on mold content of the segregation of individual 
deliveries under commercial conditions. 

The effect on flnal composite quality of segregating cream from different 
deliveries to cream stations was of doubtful importance. Under commercial con- 
ditions it would appear that any advantages in quality that might be gained 
would not be sufficient to justify the practical difficulties involved. Where flavor 
defects, due to plants or foreign materials, are a relatively minor problem, and 
where cream of reject quality is not involved, it also is doubtful that the manner 
of mixing cream in the cream station has any important practical effect on the 
average quality. However, segregation on a grade basis may provide more 
opportunity for selection at the creamery if temperature control is maintained. 

The fact that the better cream showed a greater amount of deterioration than 
the poorer cream when held at a relatively high temperature is in accordance 
with general observations under practical conditions as well as with available 
information on the growth rates of bacteria. The bacterial development in the 
good cream at the time of purchase probably is in the logarithmic growth phase 
where changes are potentially rapid, while in the poorer cream activity has 
reached a peak and further population changes generally are slower. Although 
the better cream may remain higher in quality than the poorer cream for some 
time, it undergoes greater deterioration unless holding temperatures are rela- 
tively low. Obviously high quality cream requires better care after purchase 
than low quality cream if further changes are to be kept at a minimum. In 
(fommercial practice this situation would seem to merit greater attention. With 
any improvement in the quality of cream marketed by the producer also must come 
improvement in subsequent handling if the gains so made are not to be nullified. 

Although the study was concerned mainly with the comparative effects of 
segregation and mixing, the results re-emphasize the importance of temperature 
in quality changes. It is evident that such practices as segregation or mixing 
of cream are of minor significance compared with effective temperature control. 

CONCLUSIONS 

There was little practical difference between the average quality of cream 
held segregated and cream held as mixed in buying stations when holding con- 
ditions involved temperatures of 50 or 80® F. for 2 days following purchase. 
Most differences were slightly in favor of the segregated cream. Segregation 
generally had a greater effect on the poorer quality cream. It is considered that 
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anjr oontribotion to quality that might be gained through aegregation of deliv- 
eries under eommercial conditions would be insufficient to justify the practical 
difficulties involved. 

The better quality cream deteriorated proportionately more after purchase 
than the poorer quality cream when the holding temperature was 80° F. This 
emphasizes that any improvement in the quality of cream marketed by pro- 
ducers must be accompanied by a corresponding improvement in subsequent 
holding conditions. 
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BACTBEIOLOGICAL STUDIES OP BOVINE SEMEN. I. NUMBERS OP 
BACTERIA AND THE RELATION TO PERTILITY^ 

J. O. ALMQUIST, P. W. PBINCE, and J. J, BEID 
Departments of Dairy Buebandry and Bacteriology, Pennsylvania State College, State College 

During the past decade the problems associated with the presence of bacteria 
in bull semen used for artificial breeding have received increased attention. Spe- 
cial emphasis has been placed on the use of various antibacterial agents, including 
penicillin, streptomycin and various sulfonamides, for controlling the bacteria 
which always are found in the semen of bulls (2, 3, 5, 8, 9, 11, 13). The effect 
upon fertility of the addition of either sulfanilamide or penicillin to diluted bull 
semen used for routine artificial breeding also has been investigated. Salisbury 
and Knodt (15) reported that sulfanilamide in the diluter gave a significant in- 
crease in fertility. Almquist (1) found that penicillin markedly improved the 
fertility of semen from certain relatively infertile bulls although an earlier report 
by Almquist et al, (4) showed that it did not increase the fertility of semen from 
bulls of relatively high breeding efficiency. However, there is need for more 
fundamental information on the numbers of bacteria commonly found in bull 
semen, particularly the relationship of bacteria to the fertility of bull semen used 
for artificial breeding. Such information would be of particular value in deter- 
mining the possible role of bacteria in fertility and in interpreting the results of 
fertility tests involving antibacterial substances. 

Gunsalus ct al, (10) found that the logarithmic average of plate counts for 
15 ejaculates from 12 bulls used for artificial breeding was 22,000 bacteria per ml. 
Twenty-eight ejaculates from seven bulls used for natural service gave a some- 
what higher average logarithmic plate count of 225,000 per ml. Plate counts for 
the 43 ejaculates collected from 19 bulls by means of the artificial vagina ranged 
from 1,000 to 22 million bacteria per ml. Other workers (3, 5, 7, 14) have re- 
ported bacterial counts of semen collected with the artificial vagina ranging from 
100 to 960,000 organisms per ml. 

The present paper deals with the numbers of bacteria commonly encountered 
in bull semen and the relationship between the average numbers of bacjtcria in 
semen and the fertility level of bulls used for routine artificial breeding. A study 
of the incidence of specific types of bacteria in bull semen and their relation to 
fertility also has been completed and will be reported in a subsequent publication. 

METHODS 

The semen samples used in these studies were collected by means of the arti- 
ficial vagina from Guernsey, Holstein and Jersey bulls located at the Western 

Beceived for publication January 21, 1949. 

1 Authorized for publication January 18, 1949, as paper no. 1502 in the journal soricB of 
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Pennsylvania Artificial Breeding Cooperative, Clarion.® Routine collection tech- 
nics were followed in obtaining the samples and with few exceptions a different 
sterile artificial vagina was employed for the collection of each ejaculate. Usually 
two or more ejaculates were collected in succession from the same bull on each col- 
lection day. Occasionally when the first ejaculate was of sufScient volume and of 
satisfactory quality for insemination purposes, additional ejaculates were not 
collected. Although strict asepsis was not practiced in the handling of the semen 
samples, reasonable precautions were taken to prevent excessive bacterial con- 
tamination. The rubber innerliners of the artificial vagina were disinfected by 
immersion in 70 per cent alcohol and were allowed to air-dry prior to use. All 
glassware contacted by the semen was sterilized previously by dry heat in an oven 
at not less than 170® C. for at least 1 hour. 

Since it was impractical to conduct the routine bacterial examinations at the 
headquarters of the Cooperative it was necessary to ship the undiluted semen 
samples to the laboratory at State College, a distance of about 105 miles. Sub- 
samples of 1.5 ml. were taken from each ejaculate immediately after collection 
and placed in test tubes. These samples were cooled gradually to about 5® C. 
and then packaged for shipment. The test tubes were placed in a refrigerated 
cardboard shipping carton (12) and shipment then was made by special delivery 
parcel post. Upon arrival at the laboratory the temperature of each shipment 
was determined by inserting a preeooled thermometer into a tube of water placed 
alongside the semen samples at the time of packaging. 

The bacteriological examination was initiated within 1 hour after the samples 
arrived at the laboratory. The examination consisted of the inoculation of veal 
infusion agar, containing 4 per cent defibrinated bovine blood, with suitable dilu- 
tions of semen to determine the approximate numbers of living bacteria per ml. 
of semen. Sterile distilled water was used as the dilution medium and dilutions 
of 1 : 10, 1 : 100, 1 ; 1,000 and 1 : 10,000 were jemployed to obtain countable plates. 
In the early phases of the study the inoculated media were incubated at 37® C. 
for both 48 and 96 hours. Based on the results reported below, incubation for 
48 hours was discontinued and all subsequent counts were made after 96 hours 
of incubation. As suggested by the American Public Health Association (6) all 
plate counts were adjusted to the first two significant figures and represent the 
number of colonies of bacteria that would have developed on the agar if an entire 
ml. of semen had been used. 

RESULTS 

Effect of short time, low temperature storage upon growth of bacteria in lull 
semen. Since shipment of the semen samples required about 24 to 32 hours at 
a temperature of approximately 5® C., it was necessary to conduct a preliminary 
study to determine the effect of short time, low temperature storage on the bac- 
terial plate count of undiluted semen. Portions of four ejaculates from three 
bulls of the College dairy herd were plated within 30 minutes after collection and 

t The authors wish to thank G. W. Thompson, Manager, for his valuable assistance in 
this study. 
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after 4, 12 and 32 hours of storage at 5® C. There were no significant differences 
in the plate counts of semen stored under these conditions. 

Further studies were conducted to ascertain the reliability of plate counts of 
semen samples packaged and shipped by the Cooperative in the manner previ- 
ously described. Plate counts on portions of seven ejaculates of semen plated 
immediately after collection at tlie Cooperative averaged 100,000 organisms per 
ml. Other portions of the same ejaculates plated at the College following routine 
shipment averaged 130,000 per ml. As a result of the slight difference obtained 
it is believed that the following data are representative of the bacterial content 
of freshly collected semen. 

Effect of incubation time upon plate counts. In order to test the reliability 
of counts obtained following incubation for 48 and 96 hours at 37° C., a series 
of plates representing 54 ejaculates from 21 bulls were counted after 48 hours 
of incubation and recounted after a total incubation period of 96 hours. The 
average plate counts increased from 53,000 to 92,000 bacteria per ml. as the 
result of the additional 48 hours of incubation. Although increases were noted in 
the average plate counts of semen from all bulls after 96 hours of incubation, 
average plate counts of semen from only 4 of the 21 bulls showed an increase of 
more than five times the counts obtained after 48 hours. Bacterial growth ob- 
tained during the additional 48-hour incubation period consisted essentially of 
slow-growing diphtheroids apparently common to nearly all samples of bull 
semen. Similar observations we're reported by Gunsalus et al. (10), who selected 
an incubation period of 96 hours to facilitate counting when slow-growing diph- 
theroids were present. Due 1o the relatively slight increases in plate counts, it 
is believed for the purposes of this study that the 48-hour counts are equally as 
significant as the 96-hour counts. However, the longer period of incubation is 
somewhat more reliable and an incubation period of 96 hours now is routine 
at this station for studies of this nature. 

Bacterial plate counts of bull semen. Information on the numbers of bacteria 
commonly encountered in semen from bulls used in artificial breeding was ob- 
tained from plate counts of 202 ejaculates from 36 bulls. With the exception of 
six recently acquired bulls, none of them had been used in natural service for 6 
months prior to the initiation of these studies. Table 1 shows that the arithmetic 
mean plate count of the 202 ejaculates was 200,000 organisms per ml. An ex- 
tremely wide range of from less than 100 to more than 3 million per ml. was 
found. Marked differences were noted between samples from different bulls and 
between various ejaculates from the same bull. As indicated by the wide range 
of the average counts, a maximum difference of about 3,000-fold was observed be- 
tween bulls. Differences between ejaculates from the same bull were as great as 
2,000-fold. 

Comparison of plate counts of first and second ejaculates. It has been re- 
ported (15, 16) that when several ejaculates are taken in succession, there arc 
fewer bacteria in second than first ejaculates. In the present study the average 
plate count of 91 first ejaculates from 32 bulls was 220,000 per ml. as compared 
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to an average count of 130,000 per ml. for the same number of second ejaculates. 
In the case of 11 of the 32 bulls, the average counts of second ejaculates were 
greater than those of first ejaculates. The differences between first and second 
ejaculates were neither sufficiently large nor consistent enough to be considered 
significant. 

Relationship "between the plate counts of semen and the fertility level of bulls. 
Fertility data for 33 bulls were collected for the period from July 1 to November 

TABLE 1 

Bacterial plate counts of semen from SB hulls used in artificial breeding 


Bull 

No. of 


Plato count/ml. 

ejaculates 

Av. 

Range 

G- 1 

4 

1,200,000 

400,000-2,300,000 

G- 2 

5 

910,000 

160,000-3,300,000 

G~ 3 

6 

20,000 

2,200- 64,000 

G- 4 

9 

19,000 

75- 120,000 

G- 5 

16 

320,000 

2,200-1,000,000 

G- 6 

16 

260,000 

65-2,600,000 

G- 7 

4 

7,900 

2,600- 16,000 

G— 8 

2 

3,900 

2,600- 6,300 

6- 9 

3 

1,500,000 

1,000,000-2,100,000 

G-10 

2 

4,900 

50- 9,800 

G-11 

4 

19,000 

190- 50,000 

G-12 

6 

74,000 

550- 280,000 

G-13 

12 

6,700 

650- 36,000 

G-14 

9 

36,000 

600- 800,000 

G-ir> 

4 

9,300 

900- 120,000 

G-16 

2 

56,000 

6,600- 12,000 

G-17 

12 

54,000 

320- 270,000 

H- 1 

2 

110,000 

26,000- 190,000 

H- 2 

7 

290,000 

450-1,900,000 

H- 3 

5 

60,000 

1,100- 270,000 

H- 4 

4 

49,000 

9,100- 140,000 

H- 5 

2 

2,600 

1,200- 4,100 

H- 6 

1 

570,000 


H- 7 

4 

300,000 

2,100- 900,000 

H- 8 

1 

19,000 


H- 9 

2 

600 

100- 1,200 

H-10 

18 

240,000 

180-2,000,000 

11-11 

2 

13,000 

9,800- 17,000 

H-12 

2 

3,400 

2,200- 4,700 

H-13 

4 

79,000 

4,400- 200,000 

H-14 

14 

140,000 

4,700-1,300,000 

H-35 

8 

46,000 

640- 160,000 

H-16 

3 

12,000 

1,400- 2,600 

J- 1 

1 

170,000 


J- 2 

6 

6,300 

250- 210,000 

J- 3 

2 

360,000 

80,000- 650,000 

Summary 

202 

200,000 

50-3,300,000 


1, 1947, based on the percentages of first and second service cows which did not 
return to service 90 to 120 days following the last insemination. The 33 bulls rep- 
resented various levels of fertility as shown by the wide range of from 34 to 82 
per cent 90- to 120-day non-returns. While the fertility data represent all ejacu- 
lates used for inseminations during the 4-month period, a few of the ejaculates 
were not available for bacterial examination. 
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The bulls were grouped on the basis of their general level of fertility and 
table 2 shows the averages as well as the ranges of the plate counts at the various 
fertility levels. Note that the lowest average plate count is associated with the 
low level of fertility ; conversely, the highest average plate count was obtained 
from bulls at the high level of fertility. However, the differences appeared to be 
of insufficient magnitude to indicate any significant relationship between fer- 


TABLE 2 

Relationship of the haeterial plate count of semen to level of fertility 


Level of 

No. of 

No. of 

Plate count/ml. 

fertility 

bulls 

ejaculates 

Av. 

Range 

High ( 66-82 )■ 

10 

47 

290,000 

200-3,300,000 

Medium (56-65) 

12 

47 

200,000 

65-2,600,000 

Low (34-55) 

11 

93 

140,000 

75-2,000,000 

All levels 

33 

187 

190,000 

65-3,300,000 

■ Per cent 90- 

to 120-<lay non-returus. 




tility and the plate count of semen. 

Nevertheless, the possibility still exists that 


the fertilizing capacity of any particular sample of semen may be affected by the 
number of bacteria present. 

Rflationship between the plate counts of semen and the age of bulls, A com- 
parison of the plate counts of the semen samples from bulls of various ages was 
made and the data are presented in table 3. The 36 bulls were divided into five 
groups based on their ages as of July 1, 1947. Note that the lowest numbers of 
bacteria were found in semen from the bulls in the 6- to 7- and 8- to fi-year-old 


TABLE 3 

Relationship of the bacterial plate count of semen to age of bulls 


Age (yr.) 

No. of 
bulls 

No. of 

Plate count/ml. 

ejaculates 

Av. 

Range 

1-3 

10 

35 

220,000 

75-3,000,000 

4-5 . .. 

13 

75 

240,000 

50-3,300,000 

0-7 

6 

40 

84,000 

640-1,300,000 

8-9 

4 

29 

210,000 

65-2,600,000 

10 and over 

3 

23 

400,000 

2,200-2,300,000 

All ages 

36 

202 

200,000 

50-3,300,000 


age groups, while the greatest numbers of bacteria were found in semen from the 
oldest group of bulls. However, the average count for the latter group was in- 
fluenced markedly by the large numbers of bacteria contained in semen from one 
bull. The average plate count of the four ejaculates from this bull was 1,200,000 
per ml. Since differences in plate counts of semen between age groups were not 
marked, there appears to be no important relationship between the age of bulls 
and the average plate count of semen. 
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SUMMARY 

1. Wide variations were found in the bacterial plate counts of semen from 
various bulls and in the counts of semen collected at different times from the same 
animal. The plate count on 202 ejaculates from 36 bulls ranged from less than 
100 to more than 3 million organisms per ml., with an average of 200,000 per ml. 

2. No significant differences were observed in the plate counts of first and 
second ejaculates collected in succession from the same bull. Plate counts for 
91 paired ejaculates showed 220,000 bacteria per ml. for first ejaculates and 
130,000 per ml. for second ejaculates. 

3. There was no apparent relationship between the average plate counts of 
semen and the general fertility level of bulls. 

4. There was no important relationship between the age of bulls and the 
average plate count of semen. 
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THE EFFECT OF FEEDING ALFALFA HAY CONTAINING DDT 
RESIDUE ON THE DDT CONTENT OF COW’S M1LK’ » 


J. B. SHEPHERD and L. A. MOORR, Burean of Dairy Industry and R. H. CARTER and 

F. W. POOS, Bureau of Entomology and Plant Qiiarantine, Agricultural Besearch 
Administration, TJ, 8, D, A, 

Insecticides containing DDT now are being used on various crops grown as 
feed for milking cows. The relationship between the amount of DDT residue 
on the crop when fed, or the amount of DDT ingested by the cows, and the amount 
of DDT that may appear in the milk is not too well known. It is possible that 
enough DDT may be secreted in the milk to make it detrimental to consumers, 
especially if consumption of su<jh milk is continued over a long period of time, 
since Kunise et al, (3) have reported that as little as 5 p.p.m. of DDT in the diet 
of the rat for 4 to 6 months will produce histopathological alterations of the 
liver. 

Carter et aL (1) fed pea vine silage to milking cows at the rate of 3 lb. per 
100 lb. of body weight. The silage contained 2.7 to 5.4 y of DDT per g. on a 
fresh basis and 7,7 to 18.7 y on a dry weight basis. The daily intake of DDT per 
cow was approximately 44 to 88 mg. The DDT content of the milk was less than 
0.5 y per g. 

Wilson cf al. (5) found J5 y of DDT per g. in the milk from cows fed pea vine 
silage that provided an intake of about 1.5 g. of DDT per day per 1,000 lb. of 
body weight. These same investigators also found 44 y per g. in the milk from 
a cow that received 24 g. of DDT per day. 

This report gives the results of recent studies showing the concentration of 
DDT in the milk from cow^s fed alfalfa hay that had been treated with DDT under 
field conditions. 

experimental procedure 

In August, 1947, a field of alfalfa, from which the third cutting was to be 
taken, was treated with different amounts of DDT by means of an aerosol ma- 
chine. Part of the field W'as treated with 0.6 lb. of DDT per acre, the rate usually 
recommended for control of the potato leafhopper, and harvested 20 days later. 
The hay from this part of the field was designated as “Light DDT Hay.“ An- 
other part of the field was treated with 2.4 lb. of DDT per acre, about four times 
the amount required for control of the leafhopper, and harvested 14 days later. 
This hay was designated as ‘ ‘ Heavy DDT Hay. * ' Both lots of hay were harvested 
in the quarter- to half -bloom stage, but both lots were of poor quality because they 
were rained on in the field and had to be cured on a barn hay-finisher. 

The Heavy DDT Hay was fed to three cows (two Holsteins and a crossbred 
cow). In addition to the hay, all three cows received com silage at the rate 
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of 2 lb. per 100 lb. live weight daily, along with enough grain for normal produc- 
tion. The two Holstein cows received the DDT hay at the rate of 1 lb. per 100 lb. 
live weight daily. One Holstein (no. 1638) received the hay for 34 days before 
she calved and for 128 days afterwards, after which the hay was discontinued and 
she was turned on pasture. The other Holstein (no. 1666) had been fresh for 32 
days when the DDT hay first was added to her ration ; she received this hay for 
111 days and thereafter received untreated hay. The crossbred cow (X-47) re- 
ceived the DDT hay at the rate of 0.5 lb. per 100 lb. live weight daily. She had 
been fresh for 17 days before the hay was added to her ration ; she received the 
DDT hay for 110 days and then was turned on pasture. 

The Light DDT Hay was few to one crossbred cow (X-16). It was fed at 
the rate of 1.5 lb. per 100 lb. of live weight daily, along with corn silage at the 
same rate and enough grain for normal production. This cow had been fresh 
for 32 days when the DDT hay was substituted for untreated hay in her ration. 
She received the DDT hay for 98 days and then was turned on pasture. 

The amount of all feed fed and refused was weighed accurately each day. 
A small portion of the treated hays was saved each day and composite samples 
were analyzed for DDT each month. Accurate records were kept of the daily milk 
production. A 2-day composite sample of milk was saved every 10-day period and 
analyzed for DDT. Because of the poor quality of the hay, the cows did not con- 
sume the quantities desired. However, since accurate weights were kept of the 
amount of hay fed and refused, the actual intake of hay was determined readily 
and the approximate DDT intake thus could be calculated. 

The amount of DDT on the hay was calculated from the determinations of 
total organic chlorine in the residue, following the procedure of Carter and 
Hubanks (2). Approximately 300- to 500-g, samples of hay were extracted with 
benzene for 30 minutes in a tumbling apparatus. Aliquots of the benzene solu- 
tion then were evaporated on the steam bath, and the residue was taken up in 
isopropanol and refiuxed with metallic sodium for 1 hr. The chloride in solution 
then was determined by titration with standard silver nitrate, using an electro- 
metric titrimeter. 

The amount of DDT in the milk was determined by the colorimetric method 
of Schechter et aL (4), as modified for use with milk samples. Samples of 50 ml. 
were extracted with a mixture of 75 per cent ethyl ether and 25 per cent petroleum 
ether. This ether extract then was evaporated and the butterfat containing the 
DDT was processed by the recommended procedure. It was found that two 
or more treatments witli the sulfuric acid-sodium sulfate reagent, as well as two 
or more treatments with the concentrated sulfuric acid-fuming sulfuric acid 
reagent, were of value in the separation of the DDT from the butterfat, 

RESULTS AND DISCUSSION 

As shown in table 1, the colostrum milk from cow no. 1638 contained 14 y 
of DDT per g. The maximum amount of DDT in the milk was 10.1 y per g. This 
was equivalent to 259.1 y per g. of butterfat, or 94,597 y per lb. of butter contain- 
ing 80.5 per cent butterfat. The average daily intake of DDT for the entire 
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feeding period was 553 mg., while the average daily output during the milking 
period was 165 mg. DDT was detectable in the milk for 160 days after the 
DDT-treated hay was removed from the ration. 

As shown in table 2, cow no. 1666 began secreting DDT in her milk after 3 
days on DDT hay, and the average for the first 10-day period was 3.2 y of DDT 

TABLE 1 

Average daily intake of alfalfa hay and DDT for cow no, IBSS and output of DDT in her 

milk, hy 10-d, periods 


start of 
each lO'd. 
period 

Hay 

intake 

DDT in 
hay 

DDT 

intake 

Milk 

pro- 

duced 

DDT in 
milk 

DDT 
output 
in milk 

DDT in 
fat 


(jb.) 

(y/9-) 

(mg.) 

(lb.) 

(y/g-) 

(mg.) 

(y/g-) 

11- 6-47» 

11.7 

121.0 

642.2 

0.0 




n-16-47 

10.1 

121.0 

554.3 

0.0 




11-26-47 

10.5 

121.0 

576.3 

0.0 




12- 6-47b 

14.5 

121.0 

795.8 


14.4c 



12-16-47 

13.2 

121.0 

724.5 

56.4 

8.9 

227.7 

222.6 

12-26-47 

12.4 

321.0 

680.6 

67.8 

10.1 

264.8 

259.1 

1- 5-48 

12.6 

74.2 

424.1 

56.5 

7.4 

189.7 

217.8 

1-15-48 

12.9 

74.2 

4.34.2 

53.4 

6.9 

167.1 

174.6 

1-25-48 

8.8 

74.2 

296.2 

53.2 

9.0 

217.2 

250.0 

2- 4-48 

8.2 

134.5 

500.3 

50.6 

6.7 

153.8 

186.2 

2-14-48 

10.0 

134.5 

610.1 

48.4 

6.8 

149.3 

186.1 

2-24-48 

8.9 

134.5 

543.0 

46.4 

4.0 

84.2 

105.3 

3- 5-48 

8.2 

128.4 

477.6 

45.0 

6.0 

122.5 

166.7 

3-15-48 

8.1 

128.4 ' 

471.8 

44.0 

8.4 

167.7 

221.2 

3-25-48 

8.9 

128.4 

518.4 

41.1 

6.7 

124.9 

191.3 

4- 4-48 

10.4 

128.4 

605.7 

45.3 

6.4 

112.3 

149.7 

4-14-48d 




46.8 

2.9 

61.6 

82.9 

4-24-48 




46.3 

1.6 

33.6 

49.6 

5- 4-48 




44.1 

0.9 

18.0 

24.3 

5-14-48 




40.7 

0.5 

9.2 

13.3 

5-24-48 




41.8 

0.3 

5.7 

9.0 

6- 3-48 




37.4 

0.2 

3.4 

4.0 

6-13-48 




36.2 

0.3 

4.9 

7.9 

6-23-48 




34.6 

0.2 

3.1 

6.8 

7- 3-48 




37.3 

0.2 

3.4 

5.7 

7-13-48 




29.0 

0.2 

2.6 

5.3 

7-23-48 




30.4 

0.3 

4.1 

8.5 

8- 2-48 




31.1 

0.1 

1.4 

2.9 

8-12-48 




32.6 

0.2 

3.0 

5.1 

8-22-48 




23.9 

0.1 

1.1 

2.3 

9- 1-48 




23.4 

0.2 

2.1 

5.5 

9-11-48 




24.1 

0.1 

1.1 

3.0 

9-21-48 




19.2 

0.1 

0.9 

2.6 

10- 1-48 




22.2 

Trace 



10-11-48 




16.1 

0.0 




• Started on Heavy DDT Hay November 4, 1947, at rate of 1 lb. per 100 lb. of live weight, 
b Calved December S, 1947. Average weight 1,300 lb. 

0 In colostrum mUk. 

d DDT hay discontinued and cow turned on pasture 0.5 day per d. for 3 d. ; on pasture con- 
tinuously after April 17, 1948. 

per g. of milk. The highest value for any 10-day period was 9.7 y per g. of milk. 
The average daily intake of DDT for the 111-day feeding period was 727 mg. and 
the average daily output was 136 mg. DDT was detectable in the milk for 170 
days after the DDT hay was removed from the ration. 
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While the amount of DDT in the milk of both cows (no. 1666 and 1636) was 
about the same at the time the treated hay was removed from the ration, the con- 
centration of DDT in the milk of no. 1638 decreased more rapidly than that in 
the milk of no. 1666, although the milk from both cows showed the presence of 
DDT for about the same length of time. Cow no. 1638 was turned on pasture, 
whereas cow no. 1666 was kept on dry feed; this might account for the difference 
in rate of decrease in DDT concentration. 

TABLE 2 


Average daily vataJoe of alfalfa hay and DDT for cow no. 1€€6 and output of DDT in her 

milk, hy 10-d. periods 


Start of 
each 10-d. 
period 

Hay 

intake 

DDT in 
hay 

DDT 

intake 

Hilk 

pro- 

duced 

DDT in 
milk 

DDT 
output 
in milk 

DDT in 
fat 


(lb.) 

(y/9‘) 

{mg.) 

(».) 

(v/tfO 

{mg.) 

{y/0‘) 

12 - 26 - 47 « 

11.7 

121.0 

642.2 

58.4 

3.2 

84.8 

69.6 

1 - 5-48 

13.5 

74.2 

454.4 

58.6 

3.8 

101.0 

86.4 

1 - 15-48 

14.8 

74.2 

498.1 

57.2 

4.9 

127.1 

111.4 

1 - 25-48 

13.5 

74.2 

454.4 

55.8 

8.7 

220.2 

185.0 

2 - 4-48 

14.5 

134.5 

884.6 

52.4 

6.7 

159.2 

152.2 

2 - 14-48 

14.8 

134.5 

902.9 

48.8 

6.3 

13».5 

146.5 

2 - 24-48 

14.7 

134.5 

896.8 

43.1 

4.5 

88.0 

99.0 

3 - 5-48 

14.6 

128.4 

850.3 

42.0 

7.9 

150.5 

175.6 

3 - 15-48 

13.4 

128.4 

780.4 

41.3 

9.7 

181.7 

215.5 

3 - 26-48 

13.8 

128.4 

803.7 

36.5 

6.9 

114.2 

148.3 

4 - 4-48 

14.3 

128.4 

832.9 

38.1 

7.2 

124.4 

159.9 

4 r - 14 - 48 ‘> 




30.4 

6.2 

85.5 

118.1 

4 - 24-48 




34.4 

2.4 

37.4 

51.0 

5 - 4-48 




30.3 

2.4 

33.1 

50.2 

5 - 14-48 




28.8 

1.2 

15.7 

25.3 

5 - 24-48 




30.9 

0.5 

7.0 

10.2 

6 - 3-48 




26.8 

0.6 

7.2 

16.0 

6 - 13-48 




28.6 

1.0 

13.0 

20.0 

6 - 23-48 




24.5 

0.7 

7.8 

14.3 

7 - 3-48 




• 24.4 

0.4 

4.4 

7.0 

7 - 13-48 




24.2 

0.3 

3.3 

6.4 

7 - 23-48 




26.6 

0.5 

6.0 

10.2 

8 - 2-48 




22.4 

0.3 

3.0 

6.0 

8 - 12-48 




23.9 

0.4 

4.3 

8.4 

8 - 22-48 




19.6 

0.5 

4.4 

9.7 

9 - 1-48 




22.3 

0.4 

1.0 

2.1 

9 - 11-48 




22.4 

0.3 

3.0 

6.2 

9 - 21-48 




21.4 

0.3 

2.9 

6.5 

10 - 1-48 




17.5 

Trace 



10 - 11-48 




16.5 

Trace 



•Calved November 24, 1947: started on Heavy DDT Hay on December 26. 1947. at rate 

of 1 lb. per 100 lb, of live weight. 

Av. weight 1,475 lb. 




» Changed to hay containing no DDT on April 15, 1948. 



Cow X-47 (table 3) received a smaller allowance of Heavy DDT Hay for 

110 days, and therefore a smaller intake of DDT, than the other two cows. She 

also showed a smaller quantity of DDT in her Tnilfc, the highest value being 3.0 

y per g. The average daily intake of DDT was 303 mg. and the average daily 

output was 51 mg. 

No DDT was detectable in the milk of this cow after she 

was on pasture for 40 days. 
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TABLE 3 

Average daily intake of alfalfa hay and DDT for cow X’47 and output of DDT in her 

mUTc, hy 10-d, periods 


Start of 
each lO’d. 
period 

Hay 

intake 

DDT in 
hay 

DDT 

intake 

Milk 

pro- 

duced 

DDT in 
milk 

DDT 
output 
in milk 

DDT in 
fat 


(Ih.) 

(y/ff-) 

(Wflf.) 

Gh.) 

(y/0-) 

(wg.) 

(v/p.) 

12-26-47» 

6.1 

121.0 

334.8 

55.2 

1.4 

35.0 

23.7 

1- 5-48 

4.7 

74.2 

157.4 

57.1 

0.4 

10.4 

7.4 

1-16-48 

5.7 

74.2 

188.8 

60.3 

2.3 

62.9 

47.9 

1-25-48 

4.6 

74.2 

154.8 

55.3 

2.8 

70.3 

58.4 

2- 4-48 

5.7 

134.5 

347.8 

54.8 

3.2 

79.5 

65.3 

2-14-48 

6.0 

134.5 

366.1 

60.7 

2.7 

62.1 

52.9 

2-24-48 

6.0 

134.5 

366.1 

48.2 

1.3 

28.4 

28.9 

3- 5-48 

5.9 

128.4 

343.6 

46.4 

1.7 

35.8 

31.2 

3-15-48 

6.0 

128.4 

349.4 

46.3 

2.9 

61.0 

60.5 

3-26-48 

5.9 

128.4 

343.6 

44.5 

3.0 

60.6 

65.2 

4- 4-48 

6.1 

128.4 

355.3 

45.1 

2.5 

51.1 

50.5 

4-14-48*> 




45.8 

1.3 

27.0 

26.0 

4-24-48 




43.6 

0.4 

7.9 

8.0 

5— 4—48 




35.1 

0.0 

„ 


5-14-48 




32.7 

0.1 

1.4 

2.0 

5-24-48 




34.3 

0.0 



6- 3-48 




30.1 

0.0 



6-13-48 




25.3 





• Calved December 9, 1947, started on Heavy DDT Hay, at the rate of 0.5 lb. per 100 lb. 
of live weight on December 26, 1947. Average weight 1,175 lb. 
b Turned on pasture April 14, 1948, and DDT hay discontinued. 


TABLE 4 

Average daily intake of alfalfa hay and DDT for cow X-16 and output of DDT in her 

milk, hy 10-d. periods 


Start of 
each 10-d. 
period 

Hay 

intake 

DDT in 
hay 

DDT 

intake 

Milk 

pro- 

duced 

DDT in 
milk 

DDT 
output 
in milk 

DDT in 
fat 


m 

(y/sO 

(.mg.) 

(».) 

(y/g-) 

(mg.) 

(y/g-) 

12-26-47» 

8.8 

4.4 

17.6 

26.9 

0.0 

0.0 


1- 5-48 

12.1 

11.2 

61.5 

27.9 

0.2 

2.5 

4.7 

1-15-48 

14.2 

11.2 

72.1 

27.0 

0.6 

7.3 

14.2 

1-25-48 

14.6 

11.2 

74.2 

26.9 

0.4 

4.9 

9.3 

2- 4-48 

14.7 

13,7 

91.4 

25.5 

0.2 

2.3 

4.4 

2-14-48 

14.5 

13.7 

90.1 

23.3 

0.3 

3.2 

5.9 

2-24-48 

14.7 

13.7 

91.4 

22.1 

0.55 

5.5 

12.8 

3- 6-48 

14.9 

30.5 

197.0 

21.6 

0.8 

7.8 

19.0 

3-15-48 

14.9 

30.5 

197.0 

21.1 

0.9 

8.6 

21.1 

3-25-48 

14.2 

30.5 

196.5 

20.9 

0.6 

5.7 

14.3 

4- 4-48b 




22.3 

0.3 

3.0 

6.7 

4-14-48 




24.2 

0.4 

4.4 

8.4 

4-24-48 




19.1 

0.1 

0.9 

2.3 

6- 4-48 




20.5 

0.0 

0.0 


6-14-48 




17.7 

0.0 

0.0 


5-24-48 




18.0 

0.0 

0.0 


6- 3-48 




14.6 

0.0 




« Calved November 24, 1947, started on Light DDT Hay December 26, 1947, at rate of 
1.6 lb. per 100 lb. of live weight. 

b Turned on pasture April 2, 1948 ; DDT hay discontinued. 
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Cow X-16 (table 4) had a much smaller DDT intake than the three cows that 
were fed the Heavy DDT Hay, and also showed the lowest concentration of DDT 
in the milk. The highest concentration of DDT in her milk was 0.9 y per g. 
The average daily intake of DDT was 109 mg. and the average daily output 
was 4.8 mg. DDT was no longer detectable in her milk 80 days after the DDT 
hay was removed from her ration and she was turned on pasture. 

A cursory examination of the data indicated the possiblity of a relationship 
between the DDT intake, the DDT concentration in the milk and the total output 
of DDT in the milk. Table 5 shows that the four cows in this experiment 
secreted from 5 to 30 per cent of the DDT intake into the milk. Because of 
differences in the length of the feeding period and in total milk production, 
no good correlation between DDT intake and output could be expected. How- 
ever, there was some correlation between the intake of DDT and the concentra- 
tion of DDT in the milk. Similar data reported by Carter et aL (1) and Wilson 

TABLE 5 

Average daUy intake of J)DT from the feed and output in milk 


Cow 

no. 

Interval 
DDT hay 
was fed 

Av. 

daily 

intake 

Av. 

concott* 
tration 
in milk 

Av. 
daily 
output 
in milk 

% intake in milk 

During DDT 
feeding 

After DD 
feeding 



(.mg.) 

(t/0-) 


(%) 

(%) 



Present experiment 




1666 

111 

727 

6.4 

136 

18.6 

1.8 

1638 

162 

553 

7.3 

165 

29.8* 

3.0 

X-47 

110 

303 

2.2 

61 

16.8 

1,1 

X46 

98 

109 

0.5 

5 

4.8 

0.6 



Other experiments 




Carter (1) 

53 

44-88»» 

0.5 




Wilson (4) 

141 

1500b 

15.0 




Wilson (4) 

150 

24000« 

44.0 





• The output in the milk wafi 22.4% ivhen the total intake and output are considered, since 
this cow received DDT during the previous dry period. 

^ Fed pea vine silage. 

« Fed crystalline DDT. 

et al, (5), which also are shown in table 5, seem to show a similar relationship. 
In order to get a better correlation between these various factors, however, the 
hay samples in the present experiment should have been analyzed more fre- 
quently during the feeding period. 

Considerable DDT appeared in the milk from the three cows fed hay from 
a field treated with 2.4 lb. of DDT per acre. This rate of applying DDT was 
at least four times as heavy as normally would be required for control of the 
potato leafhopper in alfalfa. A much smaller quantity of DDT appeared 
in the milk from the cow that received the hay from a field that was treated with 
only 0.6 lb. of DDT per acre, about the recommended rate of application. The 
DDT appeared in the milk after the cows were on DDT for only a few days, and 
in one case DDT was present after only 3 days on DDT hay. 
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The fact that these hays were damaged rather badly by rain may have had 
considerable effect on the results. Hays similarly treated but cured without 
rain might have been consumed in larger quantities, thereby increasing the intake 
of DDT and the output of DDT in the milk. These results indicate that care 
should be taken not to apply more DDT than actually is needed for insect con- 
trol ; otherwise, if the crop is fed to milking cows, considerable DDT will appear 
in the milk. 

Other studies made in connection with this experiment indicate that weather- 
ing is helpful in reducing the amount of DDT on the forage at cutting time ; 
therefore, it seems probable that if minimum effective dosages are applied about 
midway in the development of the crop at least 21 to 25 days prior to cutting, 
the DDT residue hazard will be reduced greatly. 

SUMMARY 

1. Alfalfa treated with 2.4 lb. of DDT per acre, in the form of an aerosol, and 
fed to cows at the rate of 1 lb. of hay per day per 100 lb. of body weight produced 
milk containing up to 10.1 y of DDT per g. or 259.1 y per g. of butterfat. The 
daily intake of DDT was as high as 903 mg. and the output in the milk was as 
high as 265 mg. 

2. Alfalfa treated with 0.6 lb. of DDT per acre and fed to cows at the rate of 

1.5 lb. of hay per 100 lb. of body weight produced milk containing up to 0.9 y 
of DDT per g. ^ 

3. The output of DDT in the milk varied from 5 to 30 per cent of the iritake. 
The DDT appeared in the milk after a very few days of feeding, and in one 
case was present in appre(»iable (juantities after 3 days of feeding. 

4. After the feeding of DDT hay was discontinued, DDT was detected in the 
milk for 160 to 170 days when large quantities of DDT had been fed and for only 
30 to 40 days when small quantities had been fed. 
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LOSS OF REDUCED ASCORBIC ACID FROM LACTOSE- 
ENRICHED MILK^ 

ARTHUfi D. HOLMES 

MiiBaaohuaetta Agricultural Experiment Station, 

Amherst 

In a study of the rate of disappearance of reduced ascorbic acid from samples 
of commercial milk, Hand (4) observed a decrease from 19 to 7 mg. per 1. for 
milk stored 6 days at 1® C. Kon and Watson (9), Holmes and Jones (6), 
Buruiana (1), Krauss (10), Diemair and Fresenius (2) and others have noted the 
rapid loss of ascorbic acid from milk, particularly when the milk was exposed to 
light. Holmes and Jones (8) determined the permanency of synthetic ascorbic 
acid added to milk and found the same trend, but a less rapid loss of reduced 
ascorbic acid than that reported by Gunsalus and Hand (3). However, in a 
study of the stability of reduced ascorbic acid in mares' milk (mares' milk may 
contain from five to ten times as much ascorbic acid as cows' milk), Holmes and 
Jones (7) obtained data which show that the rate of loss of reduced ascorbic acid 
from mares’ milk was only a fraction of the rate of loss from cows’ milk when 
both were stored in commercial glass milk bottles in the dark at 10® C. Naturally, 
a question arose concerning the factor or factors that caused the reduced ascorbic 
acid of mares' milk to be more stable than that of cows' milk. Linton (11), 
Hildebrandt (5) and others have reported that mares' milk contains much more 
lactose than cows' milk. Since for decades it has been a common practice in the 
preparation of modified milk formulas for infant feeding to add lactose to cows' 
milk to approximate the quantity in human milk, it seemed desirable to determine 
whether the addition of lactose to cows' milk would decrease the rate of dis- 
appearance of reduced ascorbic acid from coVs' milk to that observed for mares' 
milk. 

EXPERIMENTAL PROCEDURE 

In this study the samples of commercial pasteurized cows' milk were stored 
in the dark at 10® C. in a home-size electric refrigerator. Each week when the 
samples were prepared, all the milk was mixed thoroughly in a single container to 
insure identical milk for the three series of samples. Fifteen g. per 1. of ana- 
lytical reagent grade of alp/ta-lactose were added to one series of samples, 30 g. 
per 1. were added to a second series and no lactose was added to a third series of 
samples which served as controls. For 15 weeks in the period from April to 
August, one sample of each series was prepared on Monday morning and each 
sample was assayed for its reduced ascorbic acid content daily from Monday to 
Friday, inclusive. During the period of observation thie samples were stored in 
commercial, flint, quart milk bottles. As the aliquots were withdrawn for assay 
the volume of milk in the bottles decreased and the volume of supernatant atmos- 

Beeeived for publication January 24, 1949. 

s Contribution no. 695, MaasachuBetts Agricultural Experiment Station. 
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phere increased, which is the normal condition for the household use of milk. 
The reduced ascorbic acid content of the various milk samples was determined by 
a modification of Sharp’s (12) rapid method. Twenty-five ml. of a mixture of 8 
per cent acetic acid and 3 per cent metaphosphoric acid was added to 25 ml. of 
milk and the mixture was diluted with 25 ml. of distilled water and titrated with 
a standardized solution of sodium 2,6-dichlorbenzenoneindolphcnol. 

RESULTS and DISCI7SSION 

The initial reduced ascorbic acid content of the pasteurized commercial milk 
used in this study varied from 9.0 mg. per 1. to 17.8 mg. and averaged 14.7 mg. 
per 1. After storage for 1 day the amount of reduced ascorbic acid in the 15 
samples of each series averaged 8.6 mg. per 1. for the controls, 8.3 mg. for the milk 
with 15 g. of lactose per 1. added and 8.1 mg. for that with 30 g. of lactose added. 
At the end of storage for 2 days, the average values were 5.5 mg. per 1. for the 
control samples, 4.8 mg. for the milk with 15 g. of lactose per 1. added and 4.9 mg. 
for the milk with 30 g. of lactose added. When 3 days had elapsed, the average 
amounts of reduced ascorbic acid present in the different series of samples were 
4.4 mg., 4.0 mg. and 4.1 mg., respectively. At the end of the 96-hour experimental 
period the same amount of reduced ascorbic acid was found in each of the three 
series of samples, i.e,, 3.8 mg. per 1. Judged by the data assembled here, the addi- 
tion of reagent grade of alphaAsicioHe did not inhibit either the rate or amount of 
loss of reduced ascorbic acid irom commercial cows’ milk stored in darkness at 10® 
C. for 96 hours, a period comparable to the length of time that milk may be stored 
in partially-filled containers in the home. 

These data indicate that the high lactose content of mares’ milk is not the 
primary factor in the slower disappearance of reduced ascorbic acid from mares’ 
than from cows’ milk. However, it should be recognized that the lactose in 
mares’ milk in excess of that in cows’ milk may not be in the same form as the 
reagent grade used in this study and hence may react in a manner different from 
the lactose that was added to the cows’ milk. 

The rate of decrease in the amount of reduced ascorbic acid present in the 
different series of milk samples included in this study was slightly higher but 
very similar to that reported by Hand (4), i.e,, 19.0 mg. on the first day, 15.6 mg. 
on the second day, 10.9 mg. the fourth day and 7.1 mg. of reduced ascorbic acid 
per 1. of milk on the sixth day after milking. Gunsalus and Hand (3) also noted 
a decrease of reduced ascorbic acid in raw cows’ milk during storage for 6 days of 
from 14.9 mg. to 1.7 mg. per 1. or an average daily loss of over 14 per cent as com- 
pared with an average daily loss in this study of over 18 per cent. Possibly the 
amount of ascorbic acid in milk may influence the rate of disappearance of re- 
duced ascorbic acid from milk, for when Holmes and Jones (8) added 75 mg. per 
1. of ascorbic acid to raw milk, the loss was 7 per cent per day for a 10-day storage, 
and when 150 mg. per 1. was added, the loss for the 10-day period was 3 per cent 
per day. Both of these losses were less than the 10 per cent loss reported by Hand 
(4) or the 14.7 per cent loss found by Gunsalus and Hand (3). However, in 
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this study no significant difference was noted in the loss of ascorbic acid from the 
control samples and those enriched with 15 or 30 g. of lactose per 1. 

SUMMARY 

There was no significant difference in the rate of loss of reduced ascorbic acid, 
during storage in darkness for 96 hours at 10® C. of a series of cows’ milk samples 
to which 15 g. per 1. of al[p/ta4actose had been added, a series of samples to which 
30 g. per 1. of lactose was added and a series of control samples. These results 
lead to the conclusion that, even though the lactose in mares’ milk may be in a 
different form than that used in this study, the high lactose content of mares’ 
milk is not the principal factor in causing the greater stability of reduced ascorbic 
acid in mares’ milk than in cows’ milk. 
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THE BELATIONSHIP OP PRODUCTION OP HEIPERS MILKED 
PREPARTUM TO THE COMPOSITION OP COLOSTRUM* 

A. H. VANLANDINGHAM, C. E. WEAKLEY, JB., B. A. ACKEBMAN, 

AND GEOBGE HYATT, JB. 

West Virginia Agricultural Experiment Station, Morgantown 

Many heifers and cows have badly swollen and congested udders before fresh- 
ening. It is thought that su(ih a condition makes it undesirable to put these 
animals on full feed and to try to bring them into full production until the 
swelling has subsided. Sometimes the udder becomes so distended that some 
believe that the gland may be injured permanently. Breeders frequently are 
concerned about the advisability of milking such animals before parturition. 

Turner (5) was of the opinion that prepartum milking for a period of about 
10 days has certain advantages. In all cases when cows were milked prepartum 
the udders were soft and pliable. The colostral character of the milk largely 
disappeared and the globulin content was reduced to that of normal milk at par- 
turition. From the standpoint of the well-being of the calf, the initiation of milk 
secretion prior to parturition caused many of the calves to die at an early age. 
They seemed much more susceptible to Bacillus (Escherichia) coW infection and 
other calf diseases. 

Keyes et ah (2) reported that 25 cows and heifers had been milked for a 
period of 2 to 16 days prepartum. They observed wide variations in the per- 
centage total solids until the seventh day before parturition, when the solids 
content became more uniform and gradually approached that of normal milk 
at the time of parturition. The production of milk for the prepartum-milked 
cows started at about 1 lb. a day and incTeased to 25 lb. on the day of parturition. 
The calves had scours and showed signs of general inactivity, a condition which 
was corrected when 5 ml. of ‘‘carotone’^ (a carotene preparation) was fed daily 
for 7 days. 

Turner (5) suggested that prepartiim milking might reduce the incidence of 
milk fever by a gradual initiation of lactation, a suggestion that was not sup- 
ported by recent work of Smith and Blosser (4). Baton et al. (1) reported that 
the first milking after calving from cows which had not been milked prepartum 
contained approximately 5 times as much carotene and vitamin A, 3 to 4 times as 
much protein, 0.5 as much lactose, slightly greater amounts of fat and 1 .25 times 
as much ash as the milk obtained from the cows milked prepartum. They con- 
cluded that prepartum milking materially alters the composition and lowers the 
nutritive value of the first milk secreted at the termination of pregnancy. 

Because of the possibility of decreasing the infiammation and congestion of the 
udder at calving by prepartum milking and because of the adverse effect which 

Beceived for publication February 2, 1949. 

1 Published with the approval of the director of the West Virginia Agricultural Expexi- 
ment Station as scientific paper no. 403. 
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this practice might have on the nutrition of the calf, further study seemed 
warranted. 


experimental procedure 

During the winter of 1947-1948, 16 first-calf Ayrshire heifers in the station 
herd were divided into two groups according to their expected freshening dates. 
It was planned that every other heifer was to be milked prepartum for a period 
of 2 weeks; however, some of the heifers calved before the expected dates of par- 
turition. The heifers were milked prepartum with machines once daily until 
production increased to 2 lb., after which time they were milked twice daily and 
samples were taken for analysis. Accurate records of production were obtained 

TABLE 1 

The production and composition of colostrum on day of parturition 


No. of 

Period 

Production 

J 

Total 

production 

Composition of colostrum 
day of parturition 

heifer 

miiKOU uexurc 

prepartum parturition 

before 

parturition 

total N 

XT non-casoin N 

non-casemN oftotalN 

Group 1 

(d.) 

(16.) 

(lb.) 

(g,/ 100 ml,) 

{g,/100ml,) 

(%) 

792 

0 

0 

0 

2.46 

1.61 

65.4 

796 

0 

0 

0 

2.42 

1.31 

54.1 

799 

0 

0 

0 

2.54 

1.52 

59.8 

800 

0 

0 

0 

2.16 

1.60 

74.1 

804 

0 

0 

0 

2.64 

1.45 

57.1 

806 

0 

0 

0 

1.95 

1.06 

54.4 

811 

0 

0 

0 

2.45 

0.96 

.39.2 

815 

0 

0 

0 

2.17 

1.18 

54.4 







> ■ ■ 

Av. 

0 

0 

0 

2.34 

1.34 

57.3 

Group 2 
790 

18 

10.5 

31 

1.07 

0.38 

35.5 

791 

8 

20.1 

48 

' 0.67 

0.21 

31.3 

794 

14 

0.1 

2 

1.49 

0.66 

44.3 

798 

10 

24.3 

142 

0.55 

0.11 

20.0 

802 

7 

3.9 

16 

1.35 

0.67 

49.6 

803 

3 

1.0 

2 

1.80 

1.09 

60.6 

808 

16 

16.6 

65 

0.71 

0.14 

19.7 

810 

3 

6.1 

7 

1.41 

0.73 

51.8 


> , ,1, 



.. 

-- 

T- ^ , 

- 

Av. 

10 

10.2 

38 

1.13 

0.50 

39.1 


until the time of parturition. The calves remained with the dams for the first 
8 days following parturition as was the usual practice. After parturition the 
udders were milked out twice daily and samples taken for analysis. 

Samples of milk or colostrum were analyzed for total nitrogen by the 
Egeldahl method. Casein was precipitated and non-casein nitrogen determined 
directly, whereas casein nitrogen was determined by difference (3). 

RESULTS 

Data presented in table 1 show the total nitrogen, non-casein nitrogen and the 
per cent non-casein nitrogen of the total nitrogen in the colostrum of the heifers 
in both groups on the day of parturition. For the heifers in group 2, which 
were milked prepartum, production on the day before parturition varied from 
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0.1 to 24.3 lb. Total production before parturition varied from 2 to 142 lb. The 
level of production on the day before parturition was dependent upon the ex- 
tent that the heifers were stimulated into production. The number of days 
milked prepartum was not necessarily a determining factor. Heifer 794 was 
milked for 14 days and during this period produced only 2 lb. as compared with 
798 which was premilked 10 days and produced 142 lb. 

The total nitrogen, the non-casein nitrogen and the per cent non-casein nitro- 
gen of the total nitrogen was much higher on the day of parturition for the 
heifers in group 1 than for those in group 2. Much greater variations existed 
in the composition of the milk for the heifers in group 2. The total nitrogen 
varied from 0.55 to 1.49 g. per 100 ml. and the non-casein nitrogen from 0.11 
to 1.09 g. per 100 ml. The per cent non-casein nitrogen of the total nitrogen 
varied from 20.0 for heifer 798, which had produced a total of 142 lb. before 
parturition, to 60.6 per cent for heifer 803, which had been milked only 3 days 
prepartum and had produced only 2 lb. before parturition. 

Total nitrogen, non-casein nitrogen and the per cent non-casein nitrogen of 
the total nitrogen are good criteria to indicate when the colostral period is over 
and normal milk is being produced. Total nitrogen in the colostrum of the hei- 
fers in group 1 not milked prepartum decreased from an average of 2.34 on 
the day of parturition to 0.70 g. per 100 ml. on the fourth day after calving when 
normal milk was produced. During the same period the per cent non-casein 
nitrogen of the total nitrogen decreased from an average of 57.3 to 20.8. 

Data presented in table 2 show the relationship between production and the 
nitrogen content of colostrum of four heifers in group 2 which were milked 
prepartum. Heifer 798 w^as milked 10 days before parturition. Production 
increased rather rapid Jy and 24.3 lb. were produced on the day before parturi- 
tion. The total nitrogen and the per cent iion-casein nitrogen decreased to the 
level of normal milk 3 days before parturition. Therefore this heifer’s calf did 
not receive any true colostrum. Prepartum milking of heifer 808 was started 
16 days before parturition ; however, she did not produce as much as 1 lb. per day 
until the seventh day before calving, after w^hich her production increased rapidly 
to 16.5 lb. on the day before calving. Changes in total nitrogen and non-casein 
nitrogen were very similar to that of 798, except that normal milk was produced 
only 1 day before calving. Again, this heifer’s calf did not receive any true 
colostrum. Heifer 790 was milked 18 days prepartum. Production increased 
slowly until the third day before calving, at which time she produced about 5 lb. 
Production continued to increase so that 10.5 lb. were produced on the day before 
parturition. Milk of normal composition was produced on the second day after 
calving. Heifer 802 was milked 7 days prepartum. She produced only 3.9 lb. 
on the day before parturition. The total nitrogen and the per cent non-casein 
nitrogen after parturition were similar to those of the heifers in group 1 not 
milked prepartum. 

discussion 

In this study the total nitrogen, casein nitrogen and the non-casein nitrogen 
have been used to compare the composition of colostrum with that of normal milk. 
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Years ago Turner (5) presented data showing that colostrum was unusually rich 
in globulin and albumin and that the total protein was three to four times as high 
as in normal milk. Because of the large difference in nitrogen content of colos- 
trum and normal milk and because of the ease in the determination of total nitro- 
gen, this constituent is of strategic value in determining the rate of change from 
the production of colostrum to the production of normal milk. This is true for 
cows milked prepartum as well as cows milked postpartum. 

The data presented show that prepartum milking affects the rate of change 
from the production of colostrum to that of normal milk as it affects the rate of 
production. The total nitrogen and the per cent non-casein nitrogen of the milk 
on the day of parturition were dependent upon the total amount of prepartum 
colostrum produced and the level of production at parturition. The composition 
of colostrum produced on the day of parturition was not related necessarily to 
the number of days heifers were milked prepartum. Some heifers were stimu- 
lated into production before parturition by prepartum milking, whereas others 
were not. 

According to Turner (5), the initiation of milk secretion in late pregnancy 
and postpartum is due to the pituitary hormone lactogen. Following parturi- 
tion, the secretion of milk is stimulated intensely by the rising secretion of the 
lactogenic hormone. While the presence of estrogen in increasing amounts just 
before parturition initiates the intense secretion of the lactogenic hormone, the 
stimulus of milking and the removal of milk are the factors that maintain the 
lactation process. 

It seems reasonable to suspect that prepartum milking might cause a stimu- 
lation in the production of the lactogenic hormone, which in turn stimulates the 
secretion of the mammary gland. If this is true, it seems that in the case of some 
animals the manipulation of the udder and teats a few days prior to parturition 
causes the secretion of the lactogenic hormone, whereas, in the case of other 
animals, the lactogenic hormone is not secreted in appreciable amounts until after 
parturition. 

As to the effect of prepartum milking on the condition of the udder following 
parturition and on the nutrition of the calf, more data are needed before any 
recommendation can be made. Of the eight calves dropped by the heifers in 
group 2 milked prepartum, only two failed to receive some colostrum. Bach calf 
was given 25 ml. of cod liver oil on the day of birth to provide additional vitamins 
A and D. The calves were thrifty and made satisfactory growth. 

SUMMARY AND CONCLUSIONS 

During the fall and winter of 1947-1948, 16 first-lactation Ayrshire heifers 
were divided into two equal groups upon the basis of expected dates of parturi- 
tion, every other animal being assigned to each group. Group 1 was handled in 
the usual way. The heifers in group 2 were milked for a period of 3 to 18 days 
with an average of 10 days before parturition. 

The total production before calving for prepartum-milked heifers varied from 
2 to 142 lb. The production on the day before parturition varied from 0.1 to 
24.3 lb. with an average of 10.2 lb. 
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The total nitrogen and the non-casein nitrogen of the milk produced on the 
day of parturition for the heifers not milked prepartum averaged 2.34 and 1.34 g. 
per 100 ml., respectively, whereas the milk from the heifers milked prepartum 
averaged 1.13 and 0.50 g. per 100 ml., respectively. The non-casein nitrogen 
amounted to 57.3 per cent of the total nitrogen for the heifers not milked prepar- 
tum, but only 39.1 per cent for the heifers milked prepartum. The total nitrogen 
and the non-casein nitrogen in the milk of heifers prepartum-milked on the day 
of parturition were dependent on the level of production and the total amount 
produced before parturition. 

Heifers producing appreciable quantities of prepartum colostrum produced 
normal-appearing milk at the time of parturition. 
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EFFECT OF RAW SOYBEANS AND SOYBEAN OIL MEAL ON THE 
VITAMIN A AND CAROTENE CONCENTRATIONS IN THE 
BLOOD PLASMA AND MILK OF LACTATING COWS' 


B. L. SQUIBB, C. y. CANNON, and B. 8. ALLEN 
Iowa State Cottege, A met 

In a previous trial (6) it was noted that the carotene concentration in the 
blood plasma of lactating cows was reduced when the cows were fed 9 lb. of 
ground, raw soybeans daily. When only the oil portion of the beans was used, 
the reduction in the carotene concentration in the blood plasma was somewhat 
less than when the whole bean was fed. Because of this difference, it was rea- 
soned that soybean oil meal probably carried some factor or factors affecting the 
blood plasma carotene. 

This trial was designed to learn whether soybean oil meal when fed to dairy 
cows would cause their blood plasma carotene to fall as was the case when soy- 
beans or soybean oil was fed. Also, the experiment was to recheck the effects 
of cracked raw soybeans on the carotene in the blood plasma of lactating cows. 

EXPERIMENTAL PROCEDURE 

Nine Holstein cows which had been on pasture were assigned to three similar 
experimental groups. The trial was initated with a preliminary period of 2 
weeks in which each animal was fed daily 40 lb. of corn silage, and from 16 to 
18 lb. of eoncentrate. The amount of concentrate, based on milk yield, was es- 
tablished at the beginning and remained the same throughout the trial. The 
concentrate Mas made up of two parts: (a) 3 lb. of old process linseed oil meal 
and (b) enough of a basal mixture consisting of 400 lb. ground yellow corn, 400 
lb. crushed oats, 200 lb. u^heat bran, 12 lb. salt and 12 lb. bone meal to bring the 
total up to the requirements for the cow. 

The preliminary period was followed by an experimental period of 9 weeks. 
The same ration used in the preliminary period was fed to one group of cows; 
the second group received a similar concentrate except that 7.2 lb. of expeller 
process oil meal replaced 4.2 lb. of the basal grain and 3 lb. of linseed oil meal. 
The third group of cows had 6 lb. of the basal mixture and 3 lb. of linseed oil 
meal replaced by 9 lb. of raw soybeans, which were ground fresh every 10 days. 
When the oil is extracted from 9 lb. of soybeans, there are 7.2 lb. of oil meal 
left. This accounts for the different amounts of soybean products used. 

Blood and milk samples were collected weekly at the same hour from each of 
the experimental cows. The blood samples were analyzed for vitamin A and 
carotene® according to a method previously described (6). The vitamin A and 

Received for publication rebruaiy 4, 1949. 

1 Journal paper no. J9C4 of the Iowa Agricultural Experiment Station, Ames. Project 
no. 692. 

8 A Klett'Summerson photoelectric colorimeter was employed for all the analyses. The in- 
strument was equipped with a narrow band 440 m^ filter for estimating the carotenoids and 
550 mg narrow band filter for estimating the vitamin A. 
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carotene contents of the milk were determined by a modification of the Boyer 
et ah (2) method. The modification consisted of using activated glycerol di- 
chlorohydrin (G.D.H.) (5) instead of antimony trichloride as the colorimetric 
reagent for estimating the vitamin A content of the milk. Duplicate fat tests 
were made on each of the milk samples using the standard Babcock method. 
The total fat of each milk sample was calculated according to the method of Berl 
and Peterson (1). 

The values for carotene and vitamin A that were found in the blood plasma 
and milk the second week of the basal period were used as base points from 
which all changes were measured after the cows were placed on the experimental 
rations. 

The 9-week experimental period was followed by an additional 3 weeks in 
which all experimental conditions were maintained except that each cow was 
fed 100,000 units of vitamin A® daily by capsule. 

RESULTS and DISCUSSION 

The average concentrations of carotene and vitamin A in the blood plasma 
and milk fat of all groups of cows are presented in table 1. Carotene values of 
both the blood plasma and milk fat for all groups of cows declined during the 
first 4 to 6 weeks of the trial. The plasma carotene concentrations of the control 
group and the group fed soybean oil meal then tended to level off while that of 
the cows fed raw soybeans continued to drop before becoming relatively constant. 

* The rapid lowering of the blood plasma carotene concentrations observed in 
all groups during the first 4 weeks of the trial is to be expected in dairy cows 
taken off pasture and limited to silage and concentrate. In a previous trial (6) 
the effect of feeding raw soybeans on the concentration of blood plasma carotene 
was apparent after feeding the beans 1 week. In this trial the effect of the raw 
soybeans was not apparent until the fifth week of the experiment. It was not 
until after the initial rate of decline in the blood plasma carotene of all groups 
that the “depressing” effect of the raw soybeans became apparent. 

The vitamin A of the blood plasma and of the milk fat did not fluctuate nearly 
so much as the carotene. The vitamin A concentration trends were similar for 
all rations. 

As can be noted from table 1, the feeding of raw soybeans caused the blood 
plasma carotene concentrations to be depressed to a greater extent than was the 
case when the cows were fed either the control ration which contained no soy- 
bean products or the ration containing soybean oil meal. This depression is 
similar to that noted in another experiment (6) but the differences are not so 
large. This variation between the results of the two trials might have been 
due to the supplemental carotene fed in the first trial. 

The differences in the concentrations of carotene in the blood plasma and 
milk fat obtained from the cows fed the control ration and the cows fed soybean 
oil meal were small and probably unimportant. In a previous trial (6), the 
feeding of soybean oil had an effect on the blood plasma carotene intermediate 

« Fish oil containing 25,000 U.S.P. units of vitamin A per g., obtained from White Labora- 
tory, Kewark, N 



Average vitamin A and carotene concentration in the "blood plasma and milk fat of cows fed the control, soybean oil meal 

and raw soybean rations 
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between that of the raw soybeans and the control ration. Because of this inter- 
mediate effect it was supposed that the soybean oil meal would carry portions 
of the factor or factors in raw soybeans which cause a depression of blood plasma 
carotene concentrations. 

Since the same basal ration was fed with differences only in the protein 
supplement, it was assumed that all of the cows consumed similar quantities of 
carotene and vitamin A. The data show that the ration effect was displayed 
in carotene differences rather than in vitamin A differences. The cows that 
were fed the control and the soybean oil meal rations showed larger concentra- 
tions of carotene in their blood plasma and also excreted more carotene in their 
milk than the cows fed the soybean ration. Presumably raw soybeans either were 
causing destruction of carotene in the digestive tract or were interfering with 
its absorption into the blood stream. 

It seems logical to assume that there was little vitamin A per se in the ra- 
tions so that the cows on all rations were maintaining their vitamin A plasma 
and milk concentrations by converting carotene after it was absorbed into the 
body. This left unanswered the question as to whether there were differences 
among the rations in their effects on vitamin A absorption. 

The supplementation of the ration of each cow in all groups with 100, OQO 
U.S.P. units of vitamin A during the last 3 weeks of this trial caused the vitamin 
A content of the blood atid milk fat of all cows to rise. Since the rate and di- 
rection of change in vitamin A content was approximat(*ly the same with all 
cows, with differences statistically insignificant, it was assumed that these rations 
did not affect vitamin A metabolism as they did carotene. 

The data furnish no conclusive evidence that soybean products may not affect 
vitamin A absorption. Shaw et aL (3) found symptoms of a vitamin A deficiency 
when cows were fed a ration that was low in carotene and contained raw soybean 
meaL Possibly the daily intake of 100,000 U.S.P. units of Vitamin A was suffi- 
cient to cover any depressing effects of the soybean products on vitamin A, or 
the quantity of carotenoids present in the gastro-intestinal area of the cow might 
have exercised a sparing effect. Sherman (4) has shown that xanthophyll fed 
to rats may effect a sparing action on vitamin A per se, 

summary 

A reduction of the carotene concentration of the blood plasma and of the 
milk of lactating cows resulted when raw soybeans were fed. 

When soybean oil meal was fed in an amount equivalent to that of the raw 
beans minus their oil content, the carotene concentrations in the blood plasma 
and the milk fat were similar to those when the cows were fed the control ration. 

Both the control and soybean oil meal groups excreted more carotene in their 
milk than did the group fed raw soybeans. 

Loss of these nutrients from the bodies of the cows fed raw soybeans thus 
was not the cause of the observed reduction of their blood plasma carotene con- 
centration. Apparently soybeans either interfered with carotene absorption or 
caused some destruction of it. 
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No significant differences were observed among the groups of cows in the 
quantity of vitamin A per se in the blood plasma and in the milk during the last 
3 weeks of the trial when all the rations were supplemented with 100,000 U.S.P. 
units of vitamin A daily. 
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THE ADAPTATION OP A STANDARD CURVE TO THE 
TURBIDOMETRIC METHOD OP ASSAY OP 
HYALURONIDASE IN BULL SEMEN^ 

JOHN P. MIXNEB and JAMES E. JOHNSTON 
New Jersey Agricultural Experiment Station, Sussex 

The turbidometric method for the assay of the enzyme hyaluronidase has been 
modified for the assay of semen by Leonard et aL (3). The turbidity reducing 
unit (TRU) has been used in this assay as the measure of hyaluronidase activity. 
It generally is recognized that the TRU is not an absolute unit of hyaluronidase 
activity but varies according to the substrate and blood serum proteins used, the 
pH control, salt concentration, etc. Dorfman and Ott (1) and Warren et aL (4) 
have developed modifications of the turbidometric method which tend to make the 
TRU more reproducible. 

The turbidometric method of assaying bull semen hyaluronidase in terms of 
weight equivalent of a partly purified preparation of hyaluronidase and a stand- 
ard curve may have several advantages over the expression of activity in terms of 
the TRU. In addition to greater facility in calculating activity of hyaluronidase 
preparations by use of the standard curve, use of a purified preparation of 
hyaluronidase lends itself to comparative studies among laboratories by the simple 
expediency of exchanging hyaluronidase preparations. This is in lieu of an 
international unit of hyaluronidase. 

The purpose of this report is to show that bull semen hyaluronidase assays 
obtained by using several dilutions of seminal plasma correspond closely to a 
standard curve derived from use of a purified hyaluronidase preparation obtained 
from bull testes when assayed turbidometrici^lly. 

METHODS 

Semen for this study was obtained from dairy bulls in a stud at the Dairy 
Research Farm, New Jersey Agricultural Experiment Station, Sussex, N. J. 
Partly purified bull testes hyaluronidase (30 TRU per mg.) was used for the 
hyaluronidase enzyme standard®, and a single preparation of highly purified 
potassium hyaluronate® was used as the enzyme substrate. 

Blood serum was prepared from the blood of a single cow to have a uniform 
supply. Relatively large quantities of blood were collected at a time and the 
serum was bottled in 15 ml. serum botles and kept frozen until needed. No 
trouble has been experienced, however, in shifting from one lot of blood serum to 
another, if the serum was aged properly before and after its dilution. 

The turbidometric assay for the hyaluronidase was conducted essentially as 

Beceived for publieation February 8, 1948. 

1 Paper of the journal series, New Jersey Agricultural Experiment Station, Butgers TJni- 
Vorsity-The State University of New Jersey, Department of Dairy Industry. 

s The potassium hyaluronate and the buU testes hyaluronidase were f urnindied through the 
courtesy of Dr. D. Boy McOullagh, Schering Corporation, Bloomfield, N. J. 
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described by Leonard et al. (3) for bull semen and powdered hyaluronidase. 
Only 5 minutes, however, were allowed for the development of turbidty after the 
addition of acidified blood serum. A Klett-Summerson photoelectric colorimeter 
with red filter no. 66 was used for measuring turbidities. Enzyme incubation 
was carried out in a water bath regulated to 37"^ C. 

RESULTS AND DISCUSSION 

Standard hull testes hyaluronidase curve. To obtain a regression of hyal- 
uronidase activity on turbidity readings, ten enzyme dosages (0.05 mg. to 0.5 mg.) 
were incubated with 0.2 mg. potassium hyaluronate and subsequently acidified 
blood serum was added to cause turbidity development. Each enzyme dosage 
determination was made three times (two exceptions) for a total of 28 determi- 
nations. The correlation between hyaluronidase dosage in mg. and turbidity 
readings was -0.985 dt 0.006. A standard curve (fig. 1) was constructed from 



TURBIDITY READING 

Fzo. 1. Begrossion line obtained by correlating colorimeter turbidity readings with mg. 
of hyaluronidaso. Solid line is the regression line, parallel broken lines are the standard errors 
of estimate. Vertical solid lines are the turbidity levels of the 0.2 mg. and 0.1 mg. hyaluronate 
standards. 

use of a regression equation obtained by the method of least squares. 

Individual data points are shown as well as the standard error of estimate of 
the regression equation. Solid vertical lines crossing the regression line indicate 
the turbidity readngs of 99 for the 0.2 mg. hyaluronate standard and 57 for the 
0.1 mg. hyaluronate standard. Accordng to this, 1 TRU is equivalent to 0.275 
mg. of hyaluronidase. The regression equation, Y (hyaluronidase, mg.) = 0.5625 - 
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0.00505 X (turbidity reading), was used for converting semen assay turbidity 
data to mg. equivalent of standard hyaluronidase. 

Standard hyaluronidase curve and semen hyaluronidase activity. Semen 
samples were assayed initially within 1 hour after ejaculation and again after 24 
hours of incubation at 37® C. (Johnston and Mixner, 2). Certain standard 
semen dilution rates were used during assay on each semen sample. In the initial 
assays, dilution rates 1 : 39, 56 and 100 as well as 1 : 56, 72 and 100 were used. In 
like manner, dilution rates 1 ; 160, 200 and 267 and 1 : 200, 267 and 400 were used 
for incubated semen. As an example of calculation of semen hyaluronidase 
potency per ml., if a 1 : 100 dilution of a semen sample gives a turbidity value of 
50, then the mg. equivalent of hyaluronidase per ml. of original semen would be 
100 X 0.31 mg. {mg, equivalent for turbidity value of 50) * 31 mg. If three dif- 
ferent dilution rates are used with a given semen sample, the final mg. equivalent 
of hyaluronidase should be the same for all three dilution rates. 

A total of 76 semen samples was assayed for hyaluronidase equivalent (table 

TABLE 1 


Correspondence of semen hyaluronidase assays to standard hyaluronidase assay regression line 


No. of semen 
samples 

23 

7 

17 

29 

Type of assay 

Initial 

Initial 

Incubated 24 hr. 
37® C. 

Incubated 24 hr. 
37® C. 

Assay dilution 
rates 1: 

39 56 100 

66 72 100 

160 200 267 

200 267 400 

Hyaluronidase 
activity 
(mg, per ml,) 

33.1 33.1 30.6 

37.3 36.1 37.0 

103.0 98.8 99.8 

130.5 127.2 139.8 


1) using three dilution rates for each sample. , Average hyaluronidase activity in 
terms of mg. per ml. are shown for the samples at the various dilution rates. 
Analysis of variance revealed that there were no significant differences in poten- 
cies exhibited within the four comparisons made at their respective dilution rates. 

Turbidity reducing units and mg, of hyaluronidase. One hundred seventeen 
semen samples were assayed for hyaluronidase, and hyaluronidase activities were 
calculated both in terms of TRU’s and as mg. of standard hyaluronidase equiva- 
lent. The coefficient of correlation between these two measures of activity was 
+ 0.954 zt 0.008, showing their essential sameness. The derived regression equa- 
tion indicated that 1 TRU « 0.274 mg. of hyaluronidase, which is nearly identical 
to the TRU value obtained from data presented in figure 1. 

The validity of expressing hyaluronidase potencies in semen in terms of a 
standard hyaluronidase preparation is shown by the results reported. 

BUMMABY 

In using the turbidometric assay for hyaluronidase, considerable flexibility 
in the calculation of hyluronidase potency in semen is achieved by reference to a 
standard preparation of hyaluronidase. The coefficient of correlation between 
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mg. of standard hyaluronidase and colorimeter meter reading was - 0.985 ± 
0.006. 

Hyaluronidase assay values of semen in terms of mg. of standard hyaluron- 
idase, obtained by diluting semen at various rates, conformed to the standard 
regression line of purified hyaluronidase. 

A coefficient of correlation of + 0.954 ± 0.008 was obtained between turbidity 
reducing units and mg. of standard hyaluronidase equivalent for 117 semen 
samples, indicating the essential sameness of the two measures of hyaluronidase 
potency. 

The results indicate the validity of expressing semen hyaluronidase potencies 
in terms of milligrams of a standard hyaluronidase preparation. 
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HYALURONIDASE RELATIONSHIPS IN DAIRY BULL SEMEN» 


JAMES E. JOHNSTON, EDWARD J. STONE and JOHN P. MIXNEB 
New Jersey Agrietdtural Experiment Station, Sussex 

The possibility of a relationship between the hyaluronidase content and 
fertilizing capacity of semen has led us to investigate the correlations existing 
between hyaluronidase levels and other characteristics of dairy bull semen and 
also to determine whether significant differences in hyaluronidase levels exist 
among different breeds of bulls and among individual bulls. 

Werthessen et al, (13) found no change in hyaluronidase concentration in 
human semen which had been stored for as long as 2 weeks unless putrefaction 
had occurred. Hechter and Hadidian (1) have shown that rabbit spermatozoa 
are capable of liberating hyaluronidase, and Johnston and Mixner (3) have re- 
ported increases as great as 400 per cent in hyaluronidase concentration in bull 
semen upon storage at either 5 or 37® C. 

Kurzrok et al. (4), Werthessen ct al. (13) and Swyer (12) have reported a 
direct relationship between sperm concentration and hyaluronidase concentra- 
tion in human semen, and Sallman and Birkeland (11) have reported a correla- 
tion coefficient of +0.28 between these factors in dairy bull semen. The latter 
assays for hyaluronidase were conducted within 20 hours after collection of the 
semen. 

METHODS 

Semen samples were collected with an artificial vagina from a group of 
Holstein, Guernsey and Brown Swiss bulls in the stud at the Dairy Research 
Farm, New Jersey Agricultural Experiment Station, Sussex. One hundred 
semen ejaculates were used in obtaining all data except those involving per- 
centages of live sperm, in which case only 50 ejaculates were used. 

Seminal hyaluronidase was assayed by the turbidometric method as outlined 
by Leonard et al. (6) except for the use of a standard curve in obtaining hyalu- 
ronidase activity (Mixner and Johnston, 8). In this modification, semen hyalu- 
ronidase potencies are referred to a standard curve obtained by using a prepa- 
ration of bull testes hyaluronidase^ (30 TRU per mg.) and using potassium 
hyaluronate® as the substrate. Semen hyaluronidase concentrations therefore are 
reported as mg. equivalent of this preparation of hyaluronidase. Turbidities 
were measured with a Klett-Summerson photoelectric colorimeter with red filter 
no. 66. 

Semen samples were assayed for hyaluronidase initially within 1 hour after 
ejaculation and again after storage for 24 hours at 37® C. A drop of toluene was 
added to each sample stored at 37® C. to inhibit bacterial growth. These time 

Received for publieatio]i February 8, 1949. 

1 Paper of the journal series, New Jersey Agricultural Experiment Station, Rutgers Uni- 
versity— the State University of New Jersey—, Department of Dairy Industry. 

2 The bull testes hyaluronidase and potassium hyaluronate were furnished through the 
courtesy of Dr. D. Roy McCullagh, Sobering Corporation, Bloomfield, N. J, 
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intervals were adhered to rigidly, since Johnston and Mixner (3) have shown 
that the hyaluronidase level in bull semen changes significantly on storage at 
either 5 or 37® C. 

Undiluted semen. Semen was collected by the use of the artificial vagina in 
a graduated test tube and the volume read at the time of collection. A photo- 
electric turbidometric procedure similar to that proposed by Salisbury et al, (10) 
was used in determining sperm concentration. Semen was rated for motility 
on a 5 to 0 scale (5 * highest motility, 0 = no motility) as proposed by Herman 
and Swanson (2), using the hanging drop technic and employing a 38® C. micro- 
scope stage incubator. Motility initially was rated within 1 hour after ejacula- 
tion. Semen then was cooled slowly to 5® C. and rated daily until motility ceased. 

Diluted semen, A portion of each semen sample was diluted 1:10 with an egg 
yolk-citrate dilutor containing 3 mg. sulfanilamide per ml. Diluted samples were 

TABT.E 1 

Characterization of semen samples 


Semen character 


XJndiliited semen 

Initial hyaluronidase (mgf./ml,) 

24-hr. hyaluronidase (mp./ml.) 
Sperm concentration (milHons/ml.) 
Semen volume (ml.) ^ 

Sporm/ejaculate (hillions) 

Initial motility 

Duration of motility (hr.) 
Total duration of motility (hr.) 
Diluted semen 

Total duration of motility (hr.) 

Initial live sperm (%) 

liivo sperm surviving cold shock (%) 


cooled slowly to 5® C. and motility examinations made as for undiluted samples. 
The initial percentage of live sperm was determined on freshly diluted semen 
with a Fast Green FCF-Eosin Y stain as proposed by Mayer et al. (7). For 
the determination of the percentage of live sperm following a cold shock, 0.1 ml. 
of freshly diluted semen was placed in 0® C. ice water bath for 10 minutes and 
then stained immediately as before. 

RESULTS AND DISCUSSION 

The mean values, standard deviations and ranges for each of the semen 
characters studied are presented in table 1. 

The hyaluronidase data were grouped by breeds of bulls and by individual 
bulls (for summary see table 2). An analysis of variance of tlie original data 
indicated that there were no significant breed differences in mg. of hyaluronidase 
per ml. of seminal plasma assayed initially and also after 24 hours, but that there 
were highly significant differences in these characters among individual bulls. 

When adjustment was made for differences in sperm concentrations of the 
various ejaculates, using the analysis of covariance technic, highly significant 


Mean and 8.e. 

Standard 

deviation 

Bange 

40.3 ± 1.5 

15.4 

9-77 

124.4+ 4.4 

44.3 

35-290 

1382.8 + 45.3 

452.6 

. 262-2309 

5.2+ 0.2 

2.0 

0.8-12.0 

7.3+ 0.4 

4.0 

0.3-23.2 

3.4 ± 0.1 

1.0 

1-5 

138.8 ± 5.9 

58.8 

0-276 

228.2+10.4 

103.8 

36-612 

420.0 + 13.9 

139.4 

108-876 

04.5+ 1.8 

12.5 

29-87 

48.8+ 2.3 

16.2 

10-83 
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TABLE 2 


Ifean hyaUtronidaae levels in semen initially and at jS4 hr,, arranged hy breeds and bulls 


Breed 

Bull no. 

No. semen 
samples 

Hyaluronidase content of semen 

Initial 

assay* 

24-hr. 

assay* 




{mg, /ml,) 

(mg, /ml,) 

Guernsey 

1 

8 

51.1 

155.5 


2 

7 

51.0 

189.9 


3 

6 

23.7 

103.8 


4 

8 

34.1 

112.8 


5 

4 

54.8 

174.5 


Mean 


42.9 

135.3 

Brown Swiss 

6 

8 

50.9 

153.3 


7 

6 

33.5 

103.2 


Mean 


42.2 

128.3 

Holstein 

8 

7 

22.0 

92.6 


0 

9 

52.7 

180.3 


10 

4 

51.5 

141.3 


11 

9 

35.0 

102.6 


12 

5 

20.8 

67.4 


13 

6 

45.0 

123.2 


14 

6 

37.3 

134.7 


Mean 


stJ 

120.3 


• Differences among bulls significant at the 1% level. 


differences still were shown among the initial hyaluronidase levels of bulls but 
not among the 24-hour hyaluronidase levels. This indicates that significant 
differences do not exist among the average total amounts of hyaluronidase per 

TABLE 3 

Correlation coefficients obtained between hyaluronidase levels and other semen characters 


First order partial corre- 
Zero order correlations lations independent of 
^ , with; sperm concentration 

Semen character . 


Initial 

24-hr. 

Initial 

24-hr. 

assay 

assay 

assay 

assay 


Undiluted semen 

Initial hyaluronidase 

Sperm concentration 

+ 0.54** 

+ 0.64** 

+ 0.70** 



+ 0.48** 

Sperm/ejaculate 

+ 0.48** 

+ 0.54** 

+ 0.18 

+ 0.18 

Semen volume 

+ 0.16 

+ 0.21* 

+ 0.07 

+ 0.09 

Initial motility 

+ 0.04 

+ 0.25* 

-0.07 

+ 0.11 

Duration motility 

+ 0.01 

+ 0.002 

+ 0.03 

-0.02 

Total duration motility 

+ 0.09 

-0.14 

+ 0.01 

-0.03 

Diluted semen 

Total duration motUity 

+ 0.09 

+ 0.30** 

-0.06 

-0.12 

Initial live sperm (%) 

-0.19 

+ 0.16 

-0.30* 

-0.08 

Live sperm surviving cold shock (%) 

-0.37** 

-0.16 

-0.38** 

-0.13 


• Significant at 5% level. 

Significant at 1% level. 
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individual sperm among the bulls studied as measured by the 24-hour 37° C. 
incubation assay. 

To determine the relationships existing between hyaluronidase levels (initial 
and 24-hour assays) and other semen characters, zero order coefficients of cor- 
relation were calculated on the original ungrouped data (table 3). Since sperm 
concentrations showed highly significant correlations of + 0.54 with initial hyalu- 
ronidase levels and + 0.70 with 24-hour hyaluronidase levels, first order partial 
correlations independent of sperm concentration also were derived. 

The highly significant coefficients of correlation obtained between sperm con- 
centration and hyaluronidase levels support the observations of Kurzrok et al, 
(4), Werthessen et aL (13) and Swyer (12) to this effect. The coefficients of 
correlation obtained are considerably higher than that obtained (+0.28) by 
Sallman and Birkeland (11) in dairy bulls. The differences may be explained by 



Pig, 1. Begression of hyaluronidase levels both initially and at 24 hours on sperm con- 
centration. 

the fact that the assays included in the present analysis were run at fixed intervals 
after ejaculation while Sallman and Birkeland assayed within a 20-hour period 
after ejaculation, disregarding the variable effect of semen storage on hyalu- 
ronidase levels (Johnston and Mixner, 3). 

The regressions of hyaluronidase levels both initially and at 24 hours on sperm 
concentration are shown graphically in figure 1. 

Of the first order partial correlations (independent of the effect of sperm 
concentration only the correlations of initial hyaluronidase with initial percentage 
live sperm and with percentage live sperm surviving cold shock have significance. 
These significant correlations may be explained when the scheme of release of 
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hyaluronidase from spermatozoa is considered. Johnston and Mixner (3) and 
Perlman et ah (9) have observed that as motility of a semen sample decreases and 
the sperm die, the hyaluronidase level increases. Since initial percentage live 
sperm and the percentage of live sperm surviving a cold shock are related in- 
versely to the number of weak, dead and dying spermatozoa, one would expect 
significant negative correlations between these measures and the initial hyalu- 
ronidase levels of semen when they are independent of the effect of sperm con- 
centration. 

summary 

One hundred semen samples from 22 dairy bulls (including Guernsey, Brown 
Swiss and Holstein) were assayed for hyaluronidase within 1 hour after ejacula- 
tion and again after incubation for 24 hours at 37® C. Analysis of variance 
indicated that, although there were no significant differences among the breeds in 
hyaluronidase levels (either initial or after 24 hours), there were highly signifi- 
cant differences among individual bulls. However, when adjustment was made 
for the effect of sperm concentration through the analysis of covariance, there 
were no significant differences among bulls in respect to the 24-hour hyaluronidase 
leverls, whereas the initial hyaluronidase levels still showed highly significant 
differences. 

Correlation coefficients between seminal hyaluronidase levels (both initial 
and 24-hour assays) and the following semen characteristics were determined: 
undiluted semen: sperm concentration, sperm per ejaculate, semen volume, 
initial motility, duration of **2’’ motility and total duration of motility; diluted 
semen: total duration of motility, initial percentage live sperm and percentage 
live sperm surviving cold shock. Although many of these zero order correlations 
were significant or highly significant, when first order partial correlations 
(independent of sperm concentration) were used, only the negative partial cor- 
relations of initial hyaluronidase with initial percentage live sperm and with 
percentage live sperm surviving cold shock retained significance. 
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A PROPOSED METHOD FOR THE DETERMINATION OF 
COLOR OF DRY PRODUCTS OF MILK" 

B. P. CHOI, A. P. KONCtJS, C. M. O'MALLEY and B. W. FAIRBANKS 
The American Dry MUk Institute, Ino,, Chicago 

One of the important characteristics by which the consumer judges the accept- 
ability of dry products of milk is the color of the products. Factors such as ex- 
cessive exposure to heat during processing, high moisture content and prolonged 
storage time at high temperature are generally known to promote browning. A 
rapid and reproducible method for estimating the extent of discoloration is desir- 
able from the standpoint of quality control. 

In their study of the factors influencing the development of color in evap- 
orated milk, Webb and Holm (5) employed the Munsell color system of visual 
examination, using permanent color standards prepared from ferric chloride and 
potassium diehromate. A procedure for extracting color from browned nonfat 
dry milk solids and dry whey solids using a concentrated solution of trisodium 
phosphate and sodium chloride was reported by Doob et aL (1). Experience with 
this method indicated that only a small fraction of the color is extracted from 
browned nonfat dry milk solids. A method involving the measurement of reflec- 
tance by means of the Beckman Spectrophotometer recently was reported by 
Nelson (3) for the determination of color of evaporated milk and related products. 

One of the factors influencing the extraction of color from dry products of 
milk is the rather strong adsorption of the color by casein. Kass and Palmer (2) 

* T A . 

showed that the adsorption follows Freundlieh’s equation, — « KC " 'where x is 

m 

the amount of material adsorbed, m is the weight of the adsorbent, C is the equi- 
librium concentration of the adsorbate and K and w are constants. Since the 
amount adsorbed depends directly on the concentration of the adsorbent, it is 
reasonable to believe that by breaking down some of the large casein molecules 
extraction of the color may be more complete. Hydrolysis of the protein mole- 
cules may be accomplished easily at ordinary temperatures by means of proteo- 
lytic enzymes with minimum danger of further color production during the 
hydrolysis. Consequently, when the remaining proteins, proteoses and peptones 
are precipitated, the filtrate should contain most, if not all, of the undesirable 
color in addition to the small amount of water-soluble, natural chromogenic mate- 
rials of milk. The following procedure was developed based upon this principle. 

Received for publication February 16, 1949. 
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PROCEDURE 

Ten g. of tlie dry product of milk were disi)ersed in distilled water and made 
up to a total volume of 100 ml. A 25-ml. portion was transferred to a 126-ml. 
Erlenmeyer flask containing 1.5 ml. of a 10 per cent trypsin® suspension. The 
sample was incubated for 1 hour at 45° C., after which 1 ml. of 50 per cent tri- 
chloroacetic acid and approximately 0.1 g. of Celite Analytical filter-aid (Johns- 
Manville) were added to the digested mixture. The mixture was filtered and 
transmission determined on the clear filtrate by means of a Pfaltz and Bauer 



Fio. 1. Standard curve constructed with iodine in 10% potassium iodide solution. 1 mg. 
iodine per 50 ml. equals 1 color unit. 

fluorophotometer with filter no. 485. Correction was made for the small amount 
of color due to the enzyme by setting the enzyme blank at 100 per cent trans- 
mission. 

To permit comparison of results among different laboratories it was necessary 
to standardize the transmission readings against an arbitrary but reproducible 
standard. After consideration of different colored compounds, it was decided 
that a solution of iodine in 10 per cent potassium iodide would be the most satis- 
2 Wilson Laboratories, Chicago, Illinois. 
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factory standard from the standpoints of reproducibility, similarity of color and 
ease of preparation, the only disadvantage being that the color of this standard 
does not follow Beer’s law in the wave-length region chosen. The standard curve 
was determined by dissolving 200 mg. of resublimed iodine (Baker’s C. P.) in a 
small volume of freshly prepared 10 per cent potassium iodide solution and 
diluting to 100 ml. in a volumetric flask with the same potassium iodide solution. 
Different volumes of this solution were transferred to 50-ml. volumetric flasks and 
made up to volume with 10 per cent potassium iodide solution. After thorough 
mixing the transmission readings were determined with a potassium iodide blank 
set at 100 per cent transmission. The color of a solution containing 1 mg. of 
iodine per 50 ml. was arbitrarily designated as one color unit. On this basis the 
standard curve in flgure 1 was constructed. Since 25 ml. of the reconstituted 
sample contained 2.5 g. of the dry product, the number of color units per gram 
was calculated by dividing the color units obtained from the standard curve by 
2.5. 

RESULTS AND DISCUSSION 

The effect of enzyme concentration was investigated using a sample of nonfat 
dry milk solids of high moisture content which had been browned on laboratory 
storage at 37° C. The enzyme concentration was varied from 0 to 400 mg. per 25 
ml. of reliquefied sample, and the incubation period was fixed at 1 hour. The 
result of each determination was corrected for the color due to the enzyme. To 
estimate the extent of hydrolysis at each enzyme concentration, non-protein nitro- 
gen was determined by the method of Rowland (4). 

From the results presented in table 1 it is evident that hydrolysis of the pro- 


TABLE 1 

The efeot of trypsin concentration on the extent of color liberation and protein hydrolysis 


Trypsin concentration 

Color 

Non-protein N 

{mg,/26 milk) 

(extinotton) 

{% of dry milk) 

0 

0.135 

0.274 

25 

0.260 

1.79 

50 

0.335 

2.41 

100 

0.378 

2.95 

150 

0.407 

3.63 

200 

0.392 

3.74 

400 

0.385 

3.72 


tein greatly facilitates the liberation of color. With the incubation time fixed at 
1 hour, increasing the enzyme concentration increases both the color extinction 
and the non-protein nitrogen. Maximum color liberation appears to have been 
reached at a trypsin concentration of 150 mg. per 25 ml. of milk. Further in- 
creases in enzyme concentration do not seem to have appreciable effects on either 
color extinction or non-protein nitrogen content. 

The rate of color liberation was determined using a concentration of trypsin 
of 150 mg. per 25 ml. of a reconstituted sample of badly-browned nonfat dry milk 
solids. The amount of color extracted was determined at varying incubation 
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periods up to 5 hours with correction made for the slight decrease in volume 
resulting from evaporation. Results are plotted in figure 2 , along with the 
corresponding non-protein nitrogen results. 

With the enzjuie concentration kept constant at 160 mg. per 25 ml. of milk, 
the color liberated and the non-protein nitrogen value both increase with the time 
of incubation, rapidly in the first hour and slower thereafter until a maximum and 
constant value appears to be reached after 3 hours. It is difScult to decide 
whether the color extracted at this point represents the total color or merely a 
portion of the total color which is extractable under these conditions. The fact 
that the precipitate from trichloroacetic acid is colored only slightly indicates that 



TIMK (Hfti 

Fig. 2. Rates of color liberation and protein hydrolysis using 150 mg. trypsin per 25 ml. 
of reconstituted nonfat dry milk solids. 

most, if not all, of the color has been extracted. As a 3-hour incubation period 
would be inconveniently long, a l-hour period was adopted in the procedure with 
slight sacrifice in the completeness of color extraction. However, it must be 
pointed out that the sample used in this experiment is colored much more highly 
than the worst ones normally encountered, so that the difference in color between 
3- and l-hour incubation ordinarily would be inappreciable. The parallelism 
which exists between the amount of color extracted and the non-protein nitrogen 
developed emphasizes the importance of color adsorption by the protein molecules. 

As Celite analytical filter-aid was used in the procedure to increase filtration 
rate and to prevent occasional turbidity, there is a possibility that this material 
may adsorb a certain part of the liberated color. If appreciable adsorption oc- 
curs, the color in the filtrate should decrease with increasing amounts of the filter- 
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aid used. No appreciable effect on the amount of color extracted was detected 
when as high as 0.3 g. of filter-aid per sample was used. The use of this material, 
while not necessary in the cases of nonfat dry milk solids and dry whole milk, is 
important in some dry whey solids ami dry buttermilk solids in order to eliminate 
turbidity in the filtrate. 

TABLE 2 

Comparison of the enzyme procedure with the alkaline extraction procedure 


Sample 


Color extinction using: 

Type 

No. 

Alkaline extraction 

Enzyme 


1 

0.055 

0.125 

Nonfat dry milk 

2 

0.148 

0.138 

solids 

3 

0.060 

0.136 


4 


0.150 


1 

0.096 

0.081 

Dry whey 

2 


0.185 

solids 

3 

0.172 

0.185 


4 

0.090 

0.130 


A comparison of the enzyme procedure with the alkaline extraction procedure 
of Doob ei al. (1) for several samples of dry whey solids and browned nonfat dry 
milk solids was made. The weight of the sample and the volume of liquid used in 
the enzyme procedure were adjusted to those employed in the alkaline extraction 



Fio. 3. Relationship between the extractable color of samples containing varying amounts 
of nonfat dry milk solids scorched at 119’ C. and extractable color of visually matched 
samples similarly prepared from nonfat dry milk solids browned at 37* C. under the influence 
of high moisture content. 
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procedure. Data are presented in table 2. It should be noted that, while agree- 
ment between the two methods is fair in the case of dry whey solids, the enzyme 
method is distinctly more efficient in the extraction of color from nonfat dry milk 
solids. Since dry whey solids normally contain little or no casein, these results 
again point to the strong influence of casein on color extraction. 

The brown discoloration in dry products of milk may arise from storage at 
ordinary temperature and high moisture content or from scorching in the drying 
operation. Results of the above experiments show that the present method is 
applicable to samples browned under storage. To determine whether the method 
can be applied equally well to products scorched during processing the following 
series of experiments was performed. A sample of spray process and a sample 
of roller process nonfat dry milk solids were used. A portion of each was 
allowed to attain a high moisture content in a humid atmosphere and then 
browned by storing at 37° C. Another portion of each was scorched in an 

TABLE 3 

Color of some samples of dry products of milk 


Type 

No. 


Extinction 

Color units 





i/g, solids) 


1 

% 

0.057 

0.'88 

Dry whole 

2 


0.054 

0.76 

milk 

3 


0.047 

0.60 


4 


0.042 

0.48 


1 


0.068 

1.28 

Sprav nonfat 

2 


0.100 

2.32 

Ary milk 

3 


0.110 

2.56 

solids 

4 


0.095 

2.16 


1 


0.130 

3.36 

Boiler nonfat 

2 


0.100 

2.32 

dry milk 

3 


0.115 

2.76 

solids 

4 


0.130 

3.36 


1 


0.222 

7.28 

Dry butter- 

2 


0.390 

14.28 

milk 

3 


0.096 

2.20 

solids 

4 


0.142 

4.68 


air oven at 119° C. for 3 hours. For the scorched sample of each product a 
series of mixtures of varying color intensity and known composition were pre- 
pared by mixing different amounts of the scorched material with the original 
product. Another series of mixtures was prepared similarly from the browned 
product to match the color of each of the scorched mixtures. Matching was done 
visually. In figure 3 the extractable color of the scorched samples expressed as 
extinction is plotted against that of the corresponding matched browned sample. 
With both types of nonfat dry milk solids a straight line of approximately unit 
slope is obtained. This indicates that the present method works equally well for 
scorched products and for products browned at ordinary temperatures with high 
moisture contents. It may be mentioned that the color extinction was found to 



586 


R. P. CHOI ET All. 


be a linear function of the concentration of either the browned or the scorched 
nonfat dr; milk solids in the mixture. 

In table 3 the arbitrary color units of some random samples of dry products of 
milk are presented. Differences between the various products are in part due to 
differences in the concentration of the natural color materials. 

The method is simple and precise and may be applicable to other dairy 
products. 

8UMMABT 

Since the chief difSculty associated with the extraction of color from browned 
dry products of milk is the strong adsorption of the color by the proteins, it has 
been found that most, if not all, of the color could be liberated by extensive hy- 
drolysis of the milk proteins with trypsin. A simple and reproducible method 
has been developed which involves measuring photometrically the color of a tri- 
chloroacetic acid filtrate of the^ hydrolyzed mixture and expressing the color in- 
tensity in terms of an arbitrary color standard of iodine in potassium iodide 
solution. The method works equally well for samples experimentally browned 
under storage with high moisture contents and for samples experimentally 
scorched at high temperature. 
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THE CAROTENE AND VITAMIN A AND PROXIMATE COMPOSITION 
OP PORTIONS OP THE PIRST MILKING POSTPARTUM* 

H. D. EATON, B. B. JOHNSON, L. D. MATTEESON and A. A. SPIELMAN 
Animal Induatries Department, Storrs Agricultural Experiment Station, Storra, Connecticut 

Under different systems of management, calves receive, immediately after 
birth, different portions of colostrum which may differ markedly in nutritive 
value. This was indicated directly by data obtained by Spielman et al. (16) 
on the first milking postpartum from three cows ; successive increments increased 
markedly in the content of fat, carotene and vitamin A. Previously, several 
workers (7, 14, 18) had noted that in a small percentage of cows, the first milk- 
ing postpartum contains less carotene and vitamin A than succeeding milkings. 
They have attributed this to incomplete ^Uet-down’’ of milk at the first milking. 
During the lactation period, in general, the first milk drawn contains, under 
most conditions, appreciably less fat than that obtained at the end of the milk- 
ing (1, 6), but the other nutrients are believed to remain constant during the 
milking process. Successive portions of human milk obtained during a single 
nursing period (10, 19) show a similar increase in fat and also a change in other 
constituents. ' 

The objectives of this study were to determine the trends which occur in the 
carotene and vitamin A content and in the proximate constituents of successive 
2-lb. increments of the colostrum from the first milking postpartum of dairy 
cows. Secondarily, these trends have been related to two different experimental 
systems of management and feeding. 

EXPERIMENTAL 

Animals. This experiment was conducted on 24 cow’s of the Ayrshire, 
Guernsey, Holstein and Jersey breeds in the University of Connecticut herd 
which calved from January to June, 1948. They represented four experimental 
groupings which were equalized so far as possible in respect to breed, age, num- 
ber of previous lactations, length of dry period, health, ancestry and previous 
dietary history. Group 1-A received the basal ration and was milked post- 
partum, group 1-B received the basal ration plus 1 million U.S.P. units of 
vitamin A daily for 30 days prepartum and w^as milked postpartum, group 2-A 
received the basal ration and was milked prepartum and group 2-B received the 
basal ration plus 1 million U.S.P, units of vitamin A daily for 30 days prepar- 
tum and was milked prepartum. 

For 8 weeks prior to the calculated parturition date, all cows received the 
same basal ration fed on the basis of liveweight. One lb. of U. S. no. 2 alfalfa 

Received for publication February 19, 1949. 

1 This work was supported in part by the Big-Y-Foundation, Norwich, CSonn., and Clias. M. 
Cox Co., Boston, Mass. 
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hay, 3 lb. of well-matured corn silage and 1 lb. of a grain mixture consisting 
largely of cereal grains and containing approximately 13.5 per cent crude pro- 
tein was fed per 100 lb. of liveweight. The hay, silage and grain contained on 
an average 3.87 mg., 1.06 mg. and 0,15 mg. of carotene per pound, respectively, 
as determined by the method of Moore and Ely (11) as modified by Nelson et al 
(13). The vitamin A supplement was shark liver oiP containing 25 per cent by 
weight of crude soybean lecithin. This oil contained 54,440 U.S.P. units of 
vitamin A per g. as assayed spectrophotometrically against the U.S.P. vitamin 
A reference standard (vitamin A acetate in cottonseed oil). The cows in the 
prepartum-milked groups were milked twice daily, starting 10 days prior to the 
calculated date of parturition. They actually were milked for an average of 
8.8 days with a standard error of ±: 1.1 days. The newborn calves were not 
allowed to nurse but were removed immediately to a separate portion of the bam. 

Samples, Most cows were milked immediately after calving and in all cases 
within 4 hours. The first eight cows were milked by hand and the others by 
machine, but all cows were hand stripped. Samples were taken of each suc- 
cessive 2 lb. of colostrum. All except the last sample represented a minimum of 
2 lb. of colostrum, while the maximum amount did not exceed 2.2 lb. Colostrum 
samples were held at 4^ C. pending analysis which, in most cases, was completed 
within 4 days after collection. 

Analyses, The carotene and vitamin A content of the colostrum were 
determined by the method of Boyer et al, (4) using an Evelyn photo-electric 
maerocolorimeter. The colorimeter was standardized with crystalline carotene 
in petroleum ether (b. p. 30-60® C.) and with crystalline vitamin A alcohol in 
chloroform. Specific gravity, protein, fat and ash were determined by the 
methods of the Association of OflBcial Agricultural Chemists (2). Lactose was 
determined by the micromethod of Hawk et aL (8) with the following modifica- 
tions. To obtain the protein-free filtrate, 2 ml. each of 5 per cent ZnS04 and 
0.3 N Ba(OH)2 as used in Somogyi^s blood sugar method (15), were added 
to 0.5 ml. of colostrum. One ml. of this filtrate plus 2 ml. of Somogyi's copper 
reagent then were placed in boiling water for 10 minutes. After cooling, 1 ml. 
of Nelson’s arsenous molybdate reagent (12) was added and the volume made 
to 25 ml. with HjO. The resulting solution then was read in the Evel3m photo- 
electric macrocolorimeter against a standard lactose solution which had been 
treated in the same manner as the protein-free filtrate. All determinations were 
made and are expressed on a volumetric basis. 

The composition of a given nutrient in the successive 2 lb. increments usually 
followed a linear trend, either positive or negative. Therefore, the magnitude 
of this trend was determined by least squares to determine the characteristic 
slope for each nutrient in consecutive samples from each cow. An example of 
the calculation follows: 

2 This oil was supplied by Mr. Melvin Hocbberg of the Nopco Chemical Company, Harrison, 
New Jersey. 
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Increment 

Amount of 
colostrum 
(lb.) 

Midpoint 
of mUking 
interval 
in % 

(X) 

x-x 

(*) 

% Protein 

(y) 


Ist 

2 

12.99 

-38.5 

20.35 

-783.475 

2ud 

2 

38.97 

-12.5 

19.08 

-238.500 

3rd 

2 

64.95 

33.5 

18.31 

247.185 

4th 

1.7 

88.98 

37.5 

17.48 

655.500 

Total (S) 
Mean (X) 

7.7 

205.89 

51.47 

0 


-119.290 


Slope = b = = - 0.036966 


Effect of Slope (B*) 


290 

800 “ 3227.00 

_8=(iy) 


a (x«) 


=: 4.4907 (in dimensions of y®) 


Calculation of each slope (h) and its elfect upon the variation of y was 
determined as above. An analysis of variance was used to test the significance 
of the combined slope for all treatments and of differences in slope between 
treatments. Since, standard methods of statistical analysis (2) were used, the 
detailed analysis of variance will not be given. 


TABLE 1 

Data on trend in constituenU of colostrum during first milking postpartum for ifndividual oou>s 




Total 

Denomina- 

Trend on successive increments (X) of milk or slope (b) 

Group 

no. 

colo- 

strum 

tor for 
slope 
8(x*) 

Specific 

gravity 

Protein 

Lactose 

Fat Ash 

Caro- 

tene 

Vita- 
min A 

lA 

1« 

{Ih,) 

20.5 

7961.56 

-0.1282 

(ff.%) 

-0.022 

(9-%) 

-0.004 

(ff. %) (ff- %) 

+ 0.11 -0.0012 

(v%) 
+ 4.1 

(y%) 

+ 4.6 


2 

14.0 

5708.58 

-0.1351 

-0.037 

-0.005 

+ 0.10 -0.0039 

+ 6.5 

+ 4.0 


3 

7.7 

3227.00 

-0,2177 

-0.037 

+ 0.001 

+ 0.06 -0.0012 

+ 1.4 

+ 4.8 


4 

16.0 

6582.52 

-0,1056 

+ 0.004 

-0.011 

+ 0.11 -0.0014 

+ 1.1 

+ 3.1 


5 

16.0 

6582.52 

-0.36.36 

-0.002 

-0.012 

+ 0.35 -0.0026 

+ 2.4 

+ 9.1 


6 

16.0 

6582.52 

-0.0837 

-0.015 

-0.005 

+ 0.09 -0.0010 

+ 6.3 

+ 1.1 


7 

16.0 

6582.52 

-0,1322 

-0.009 

-0.007 

+ 0.36 -0.0014 

+ 2.2 

+ 6.0 

IB 

8 

11.0 

5.388.16 

-0.0502 

+ O.OJO 

- 0.007 

+ 0.03 -0.0001 

+ 1.1 

+ 4.8 


9 

27.5 

11982.16 

-0.1429 

-0.022 

-0.006 

^ 0.11 -0.0038 

+ 3.7 

+24.4 


10« 

22.0 

^ 9065.48 

-0.1192 

-0.017 

-0.004 

+ 0.11 -0.0011 

+ 1.3 

+ 10.0 


11 

6.0 

2217.78 

+ 0.0601 

-0.003 

+ 0.003 

+ 0.05 -0.0004 

+ 1.0 

+ 7.0 


12 

10.0 

4000.00 

+ 0.0600 

-0.004 

+ 0.002 

+ 0.03 +0.0005 

+ 0.4 

+ 3.3 


13 

20.0 

8250.00 

-0.1436 

-0.028 

-0.006 

+ 0.16 -0.0017 

+ 2.9 

+ 10.5 

2A 

14 

18.0 

7423.72 

-0,1423 

- 0.005 

-0.008 

+ 0.09 -0.0011 

+ 0.3 

+ 0.8 


15 

14.0 

5708.58 

-0.0825 

+ 0.001 

-0.003 

+ 0.06 +0.0002 

+ 1.0 

+ 1.2 


16 

10.5 

3816.42 

-0.0613 

-0.002 

-0.010 

+ 0.05 -0.0007 

+ 3.0 

^ 1.5 


17» 

15.4 

6898.92 

-0.1127 

-0.004 

-0.006 

+ 0.11 -0.0009 

+ 0.7 

+ 1.1 


18 

7.2 

2046.98 

-0.0339 

-0.004 

+ 0,004 

+ 0.04 -0.0003 

+ 1.2 

+ 0.6 

2B 

19« 

20.0 

8250.00 

-0.3000 

-0.002 

-0.008 

+ 0.08 -0.0004 

+ 0.6 

+ 3.2 


20 

13.2 

4387.96 

-0.0812 

-0.000 

-0.007 

+ 0.12 -0.0002 

+ 0.6 

+ 4.2 


21 

20.0 

8250.00 

-0.0588 

+ 0.016 

-0.008 

+ 0.12 +0.0007 

+ 2.8 

+ 10.7 


22 

9.8 

4080.80 

-0.0391 

-0.007 

0.000 

+ 0.05 -0.0004 

+ 1.6 

+ 8.4 


23 

13.0 

4449.04 

-0.0222 

+ 0.003 

+ 0.004 

+ 0.04 +0.0006 

+ 0.4 

+ 2.3 


24 

9.4 

4259.94 

-0.0127 

-0.007 

+ 0.004 

+ 0.05 +0.0001 

+ 0.3 

+ 1.8 


« Data of these cows plotted in figures 1 to 4. 
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BE6Uin:s 

Data on the trend in the proximate constituents and in carotene and vitamin 
A for each individual cow are given in table 1. The results from a representa- 
tive cow from each of the four experimental groups are plotted in figures 1 


U«MD- 

«*fOfTnMTVM«AtAk 



PERCENT OP FIRST MILKING 

Fio. 1. The changes in the per cent protein, lactose and ash of successive 2*lb. increments 
of colostrum of the first milking postpartum for individual cows. 

through 4 against per cent of total colostrum for each constituent which was 
determined. With the exception of y vitamin A per g. of fat, all constituents 
showed significant trends (P<0.01) with successive 2-lb. increments of colos- 
trum drawn. 

LiaCNO: 

a«fOtTmiiTUM-tAtaL 



PERCENT OF FIRST MILKING 


Fio. 2. The changes in the per cent fat and specific gravitj of successive 2*lb. increments 
of colostrum of the first milking postpartum for individual cows. 
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The protein, lactose and ash (fig. 1) showed a highly significant negative 
trend (P< 0.005). For those cows milked only postpartum, the protein and 
ash decreased more rapidly (P< 0.01) than in cows milked prcpartum. The 
addition of vitamin A had no significant effect on the trends. In terms of 
absolute amounts the trends in successive increments of colostrum are relatively 
small. 

The fat content rose markedly (fig. 2) with successive increments of colos- 
trum, while specific gravity decreased. Both trends were highly significant 
(P< 0.001). While the decrease in specific gravity was greater (P< 0.05) in 
those cows milked only postpartum as compared to those milked prepart um, the 
addition of vitamin A had no significant effect. In contrast to j)rotein, lactose 
and ash, the quantitative changes in the fat content were relatively large. 

Both the per cent carotene and vitamin A content (fig. 3) increased markedly 


LItfNO: 

« •MSTTASTUM^tAtAL 
a 4>MTMflTUM-lAtAL«VIT.A 




PERCENT OF FIRST MILKING 

Fig. 3. The changes in the per cent carotene and yltamin A of successive 2 -lb. increments 
of colostrum of the first milking postpartum for individual cows. 

with successive increments of colostrum with highly significant trends 
(P< 0.001). Both carotene (P< 0.025) and vitamin A (P< 0.05) increased 
at a greater rate with successive increments of colostrum in the cows milked only 
postpartum than in those cows milked prepartum. The addition of supplemen- 
tary vitamin A had no significant effect on the trend in per cent carotene. How- 
ever, the vitamin A content in the colostrum from the cows receiving supple- 
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mentary vitamin A increased more rapidly (P<0.05 for postpartum group and 
P< 0.025 for prepartum group) than in that from the cows receiving the basal 
ration alone. Quantitatively, the changes in both carotene and vitamin A were 
relatively large. 

When the concentration of vitamin A was computed per gram of fat (fig. 4), 




PERCENT OF FIRST MILKING 

Fig. 4. The changes in the carotene and vitamin A content per g. of fat of successive 
2-lb. increments of colostrum of the iirst milking postpartum for individual cows. 


there were no significant trends with successive increments of colostrum, whereas 
the concentration of carotene per gram of fat showed a decreasing trend 
(P< 0.01) with successive increments. This trend was not affected significantly 
by either pre- or postpartum milking or by the addition of vitamin A to the 
basal ration. 


DISCUSSION 

These data indicate that definite trends do occur in the carotene and vitamin 
A content and in the proximate constituents in consecutive increments of the 
colostrum from the first milking postpartum. In cases of udder congestion at 
parturition, where complete milking may be indicated, milking the cow first and 
then allowing the calf to nurse would seem to insure optimum vitamin A intake 
to the calf. 
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The decrease in the per cent protein, lactose and ash of successive increments 
of the first milking postpartum is relatively small quantitatively. However, the 
variation in the various nitrogenous fractions making up the protein (*ontents, 
especially the globulin fraction, would be of interest. The same also is true of 
individual minerals making up the per cent ash. Studies (10, 19) on samples 
of human milk representing various portions of a single nursing period have 
shown that protein tends to increase slightly, that intermediate portions tend to 
be higher in lactose than initial or final portions, and that ash tends to follow 
the same trends in the intermediate portions but is slightly lower at the end 
than at the beginning. 

The increase in the per cent fat with successive increments of colostrum 
from the first milking postpartum is in agreement with the excellent summary 
by Espe (6) of similar studies later in lactation. A similar rise in the carotene 
and vitamin A content has been suggested by other workers (7, 14, 18) although 
no actual data were given. 

The decreasing trend in the carotene content per gram of fat and the rela- 
tive constancy of the vitamin A content per gram of fat are of interest. The 
decrease in both the carotene and vitamin A in the blood plasma at the time of 
parturition, as reported by Sutton et al, (17) and others, and the increase in the 
per cent carotene content of colostrum occurring in cows milked prepartum (17, 
5) are suggestive of more active mammary metabolism of these substances. 
Possibly the levels of plasma carotene and vitamin A at the time of calving are 
independent of mammary influence but are affected by other factors possibly 
hormonal (20) in nature. 

SUMMARY 

The carotene and vitamin A content and the proximate constituents of suc- 
cessive 2-lb. increments of the first milking postpartum have been studied on 24 
cows. These represented two managerial groups of which one was milked for an 
average of 8.8 days prepartum, while the other was milked only postpartum. 
Some of the cows in each of the above groups received a basal ration only and 
the others received the same basal ration plus 1 million U.S.P. units of vitamin 
A daily for 30 days prepartum. The following trends were observed : 

1. Per cent protein, lactose and ash and specific gravity showed a significant 
negative trend with successive increments of colostrum. The per cent of protein 
and of ash and specific gravity decreased at a significantly greater rate in the 
cows milked postpartum than in those milked prepartum. Quantitatively the 
changes were relatively minor. 

2. Per cent fat, carotene and vitamin A showed a significant positive trend 
with successive increments of colostrum. In the cows milked postpartum, the 
increase in per cent carotene and vitamin A was significantly greater than that 
found in cows milked prepartum. The addition of supplementary vitamin A 
had no effect on the trends for carotene but caused a more rapid rate of in- 
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crease in the percentage content of vitamin A than that observed in cows re- 
ceiving the basal ration alone. 

3. The carotene content per gram of fat showed a significant negative trend 
with successive increments of colostrum, whereas no significant trends were ob- 
served in the content of vitamin A per gram of fat. 
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THE COMPARATIVE VALUE OP HIGH AND LOW PAT 
CONCENTRATES WITH ALFALFA HAY^ 

J. H. BYERS, I. R. JONES, and J. R. HAAG* 

Department of Dairy Husbandry^ Oregon State College 

In the alfalfa-producing areas where cows, to a great extent, are fed solely 
on alfalfa hay, milk production is only 50 to 85 per cent of that of cows fed al- 
falfa hay with grain supplements. The restricted production on alfalfa hay 
alone is due either to the absence of some nutritive element or elements in the 
alfalfa hay or to a lack of sufficient total digestible nutrients. 

In an effort to determine what was responsible for this subnormal production 
of cows on alfalfa hay, Smith et al. (11) replaced a part of the alfalfa hay with 
equal amounts of total digestible nutrients in concentrates and noted that the 
greatest stimulus to milk and butterfat production was obtained when ground 
soybeans were fed. Since there was a greater stimulus from feeding equal 
total digestible nutrients in ground soybeans than from soybean meal, the 
question arose as to whether the stimulus resulted from protein supplementa- 
tion or from the additional fat supplied. 

Evidence of a conflicting nature has been presented in the literature on the 
effect of a ration high in dietary fat on milk and butterfat production of the 
dairy cow. Bratton et al, (1) found inclusion of raw soybeans in amounts 
equal to 25 per cent of the grain ration caused a measurable increase in the 
butterfat test of the milk produced, Williams et al, (13) found that cows on 
an all-soybean ration produced milk with a significantly higher percentage of 
butterfat than did cows on normal feed. 

Loosli et al (4), Maynard and McCay‘(5) and Maynard et al (6, 7, 8) 
have conducted many experiments on the influence of dietary fat on milk and 
butterfat production. These workers concluded that the main effect of a ration 
high in fat is to increase the amount of milk rather than to influence the fat 
component of the milk. Monroe and Krauss (9), feeding grain mixtures vary- 
ing from 2.69 to 4.89 per cent fat, found no differences in the production of 
milk, butterfat or 4 per cent fat-corrected milk. Gibson and Huffman (2) re- 
ported that when soybean oil was added to a basal ration low in fat, an increase 
in milk production resulted. They also reported a temporary increase in but- 
terfat percentage. 

The study reported in this paper was undertaken to investigate further the 
effect on milk and butterfat production of feeding a supplement high in dietary 
fat to cows receiving a basal ration of alfalfa hay. 

Received for publication February 23, 1949, 

1 PubUshed as technical paper no. 573 with the approval of the Director of the Oregon 
Agricultural Experiment Station, Corvallis. 

2 The authors are indebted to Dr, Jerome C. R, Li of the Mathematics Department, Ore- 
gon State College, for the statistical analysis of the data. 
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EXPERIMENTAL PROCEDURE 

In this experiment four purebred Holstein cows were used. Two cows, 334 
and 346, began the experiment on the high-fat ration and two cows, 341 and 
348, on the low-fat ration. The cows were kept in stanchions throughout the 
experiment with the exception of about 2 hours each day when they were exer- 
cised in a cement corral. Special construction of mangers allowed for accurate 
measurements of feed intakes. Water was available in individual drinking 
bowls at all times. The cows had free access to bone meal, disodium phosphate 
and salt in boxes in the paved corral. The daily allowance of good quality 
alfalfa hay was weighed in canvas bags and fed in equal portions night and 
morning. Hay refused was weighed back. Ground soybeans or soybean meal 
was fed in equal portions twice daily. Daily feed intakes were recorded. The 
cows were w-eighed at approximately the same time each day. 

The amount of alfalfa hay fed was regulated w'ith the requirements of the 
animal for maintenance and production. Changes from ground soybeans to 


TABLE 1 

Analysis of feeds need vn experiment 


Feed 

Ash 

Mois- 

ture 

Crude 

protein 

Crude 

fiber 

Ether 

extract 

Nitrogen 

free 

extract 

Diges- Total 
tible digestible 
protein nutrients 


(%) 

'(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

Alfiilfa hay — Ist yr. 









irrigated hay 

7.70 

7.79 

14.71 

30.63 

2.44 

36.66 

10.50 

51.11 

Alfalfa hav — 2nd yr. 








dry land hay 

9.16 

8.23 

12.48 

25.23 

2.69 

42.06 

9.36 

52.28 

Alfalfa ha}' — 2nd yr. 








irrigated hay 

7,98 

6.94 

14,23 

32.45 

2.09 

36.31 

10.24 

51.57 

Soybeans 

4.13 

n.30 

35.59 

5.79 

19.32 

23.87 

31.67 

88.05 

Soybean Oil Meal 

5.23 

13.48 

40.38 

5.94 

4.17 

30.80 

34.32 

76.59 


soybean meal, or vice versa, w^ere made abruptly. The amount of supplement 
varied with the requirements for maintenance and milk production. Total di- 
gestible nutrients consumed were greater than the requirements in every 6-week 
period except one. 

The rations were calculated on the basis of average body weight and milk 
production of the 3 days prior to the beginning of each 6-week period. The 
mean value of the per cent fat in the dry matter in the high-fat ration was 5.2 
per cent, as compared to 2.7 per cent of the low-fat ration. 

The cows were milked twice daily by machine. The milk was weighed and 
aliquot samples were taken at each milking. The milk samples were preserved 
with corrosive sublimate and butterfat tests were made weekly, using the Bab- 
cock method. 

The chemical analyses of the feeds used in the experiment are shown in 
table 1. The average digestion coefficients reported by Morrison (10) were 
used in calculating the total digestible nutrients and the digestible protein. 

Inasmuch as the condition of the cow for a period following calving is known 
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to influence milk production and, more particularly, the butterfat percentage of 
the milk and all cows calved again within a year, the stage of lactation for 
which the data were used was never earlier than the 6th and never later than 
the 36th week of lactation. 

RESULTS 

The cows showed no digestive disturbances even though they were changed 
abruptly from one experimental ration to another. The palatability of the ra- 
tions seemed to be of a high order, even though the cows ate as much as 10 lb. 
daily of soybeans or soybean meal. Average daily hay and concentrate con- 
sumption, total digestible nutrients required and consumed and average body 
weights of each individual cow are shown in table 2. 

TABLE 2 

Average daily hay and concentrate eonsnmption, total digestible nutrients required and 
consumed and body weights for each ootv by periods 


Cow 

Period 

Hay 

Concentrate 

Total digestible nutrients 

required consumed 

Body 

weight 



(»•) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

334 

1 

40 

8 SB* 

27.5 

27.5 

1381 


2 

40 

9 SBMb 

24.4 

28.0 

1391 


3 

40 

7 SB 

22.9 

27.1 

1394 


4 

40 

6 SBM 

19.9 

23.1 

1417 

356 

1 

35 

8 SB 

25.2 

25.3 

1234 


2 

35 

8 SBM 

23.5 

24.7 

1256 


3 

35 

7 SB 

23.1 

24.4 

1270 


4 

35 

6 SR 

19.5 

23.3 

1301 

341 

1 

40 

9 SBM 

26.4 

28.0 

1341 


2 

40 

10 SB 

25.0 

29.4 

1344 


3 

36 

8 SBM 

22.4 

25.1 

1349 


4 

36 

4 SB 

19.9 

22.1 

1375 

348 

1 

35 

8 SBM 

. 26.2 

24.4 

1299 


2 

35 

7 SB 

24.0 

24.5 

1268 


3 

35 

7 SBM 

18.5 

24.2 

1287 


4 

36 

5 SB 

17.2 

23.2 

1342 


* SB != ground soybeane. 
SBM = soybean meal. 


All four cows followed the expected curve with regard to body weight. In 
the early stages of their lactations each cow lost some weight, but by the second 
experimental period they all had begun to gain weight. As the stage of gesta- 
tion advanced the experimental animals continued to gain weight normally. It 
may be said that the experimental ration of alfalfa hay with ground soybeans or 
soybean meal did not alter the expected normal gain in body weight. 

The data for milk, 4 per cent fat-corrected milk, per cent butterfat and total 
butterfat production, as averaged by 6-week periods, are shown in table 3. For 
the purpose of comparing the two fat levels, the data are summarized by cows 
and by periods. The results are based on the fact that with three or more 
experimental periods of equal length, lying within a lactation where milk yield 
is falling at a constant rate, a comparison of the yields of a given period, with 
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the average of the yields of periods immediately preceding and succeeding the 
given period, is justified. 

Figures 1 and 2 show the average daily milk production by weeks in relation 
to the average production of 99 lactations of Holstein cows in the Oregon State 
College herd (3). The average weekly butterfat test also is given for each cow. 

Inasmuch as all the cows usually received more total digestible nutrients 


TABLE 3 

Daily average hutterfat per cent, milk yield, 'butterfat yield and 4% fat-corrected milk yield 

of each cow by periods 


Cow 

Period 

Av. daily 
milk yiefd 

Av. 

butterfat 

Av. daily 
butterfat 
yield 

Av. daily 4% 
fat-corrected 
milk yield 



(lb.) 

(%) 

Ob.) 

(lb.) 

334 

HF«T 

58.7 

3.35 

1.955 

52.9 


LFb II 

56.5 

2.76 

1.567 

45.4 


HP III 

47.2 

3.03 

1.430 

40.3 


LF IV 

38.0 

2.41 

0.918 

28.9 


Av. periods I and 111 

52.9 

3.19 

1.692 

46.6 


Gain on IIF 

- 3.6 

0.43 

0.125 

1.2 


Av. periods II and IV 

47.2 

2.58 

1.242 

37.1 


Gain on HF 

0.0 

0.45 

0.188 

3.2 

356 

HF I 

55.2 

3.48 

1.920 

50.9 


LF II 

50.8 

3.15 

1.586 

44.3 


IIF III 

44.4 

3.60 

1.599 

41.7 


LF IV 

41.3 

3.20 

1.326 

36.4 


Av. periods I and III 

49.8 

3.54 

1.759 

46.3 


(hiin on HF 

- 1.0 

0.39 

0.173 

2.0 


Av. periods II and IV 

46.0 

3.17 

1.456 

40.3 


Gain on HP 

- 1.6 

0.43 

0.143 

1.4 

341 

LP I 

69.0 

2.2 

1.501 

50.1 


HF II 

61.2 

2!6 

1.591 

48.3 


LF III 

49.5 

2.3 

1.138 

36.9 


HF IV 

37.3 

2.6 

0.969 

29.5 


Av. periods I and III 

59.2 

2.25 

1.319 

43.5 


Gain on HF 

2.0 

0.35 

0.272 

4.8 


Av. periods II and IV 

49.2 

2.6 

1.270 

38.9 


Gain on HP 

- 0.3 

0.3 

0.132 

2.0 

348 

LF I 

55.4 

3.6 

1.969 

51.7 


HP II 

47.3 

4.0 

1.887 

47.1 


LF III 

43.0 

2.9 

1.277 

36.3 


HP IV 

31.0 

3.0 

0.940 

26.5 


Av. periods 1 and III 

49.2 

3.25 

1.623 

44.0 


Gain on HP 

- 1.9 

0.75 

0.264 

3.1 


Av. periods II and IV 

39.1 

3.5 

1.413 

36.8 


Gain on HP 

- 3.9 

0.6 

0.136 

0.5 


• HFchigh fat. 
*>LP = low fat. 


than they required, it may be said that any effect of the ration could not be the 
result of added or a lack of total digestible nutrients. In many periods the 
total nutrients consumed were far in excess of the required, calculated on the 
basis of body weight and production. The excess, however, occurred just as 
frequently on the low-fat as on the high-fat rations. 
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DISCUSSION 

This Study shows that good producing cows may produce at a high level on 
good quality alfalfa hay and supplements of the soybean plant. Production 
was maintained at the normal level when either ground soybeans or soybean 
meal was fed with alfalfa hay. 

There was no significant difference in the efficiency of the ground soybeans 
or the soybean meal as supplements to the alfalfa hay. There are indica- 
tions that the soybean meal was superior for milk production, but the differences 
were not significant when the Student's t-test is applied (12). Milk produc- 
tion on either the ground soybeans and alfalfa hay or soybean meal and alfalfa 
hay was significantly greater than milk production on alfalfa hay alone. The 
level of production was similar to the normal lactation of 99 Holstein cows in 
the Oregon State College herd (3). 



Fio. 1. Average daily milk and bntterfat production by weeks for cows boginning ex- 
periment on high-fat ration. 

The max im u m effect of the high-fat ration was demonstrated with butterf at 
percentage. In every period on the ground soybeans and alfalfa hay there was 
an increase in the butterfat content of the milk. The percentage increase 
ranged from 3.4 to 27.5 per cent, which in a statistical analysis is shown to be 
highly significant. The Student’s t-test (12) was used and all four cows 
showed a significant increase in per cent butterfat when fed the high-fat ration 
as compared to the butterfat percentage on the low-fat ration. 

The influence of fat in the ration when ground soybeans were fed indicated 
a stimulus to 4 per cent fat-corrected milk and total butterfat production. The 
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results, however, could not be shown to be statistically significant. In a total 
of eight comparisons, soybean meal favored milk production in six. Ground 
soybeans favored per cent butterfat, pounds of butterfat produced and pounds 
of 4 per cent fat-corrected milk in all of the eight comparisons. 

In this experiment considerable attention was given to the individual hay 
consumption of each of the cows. Loosli et al. (4) have presented evidence that 
increasing the intake of hay of each cow from a level of 1 lb. per 100 lb. of body 
weight to a level of 1.3 lb. of hay per 100 lb. of body weight reduced the effect 
of the high-fat ration from what it otherwise might have been at the lower level 
of hay intake. At Ohio, Monroe and Krauss (9) were unable to obtain signifi- 
cant differences in the comparisons they made where hay was fed ad libitum. 

Controlled ad libitum feeding of U. S. No. 2 alfalfa hay was carried out in 
the study reported in this paper. As much as 2.5 lb. of hay per 100 lb. of body 



Fig. 2. Average daily milk and butterfat production by weeks for cows beginning ex- 
periment on low-fat ration. 

weight was fed, although at times some hay was refused. However, the cows 
did eat well over 2 lb. of hay per 100 lb. of body weight throughout the greater 
part of the trial. The results for milk production, butterfat production and 
pounds of fat-corrected milk were not statistically significant for the trial as a 
whole, but in some instances the individual cows did show an advantage with a 
high-fat ration, which was significant. These results bear out the suggestion of 
the Cornell workers (4, 5, 6, 7, 8) that the effect of dietary fat is limited, to 
some extent, when the roughage consumption of the cows is at a higher level 
than 1 lb. of hay per 100 lb. of body weight. The results, however, do not 
corroborate the results of the Cornell workers who noted the greatest effect of 
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a high-fat ration on milk yield. Bather, this experiment indicates a slight 
absolute superiority of the low-fat ration for milk production. Fat-corrected 
milk, however, did show in every period an absolute advantage with a high-fat 
ration. However, the advantage was statistically significant in the case of only 
one cow. 

In the case of the average daily production of butterfat, highly significant 
increases were noted in the case of one cow and significant increases in the case 
of a second cow. Two cows, however, did not show a significant increase, even 
though an absolute increase was demonstrated. 

Excellent milk production for all cows was obtained in spite of a somewhat 
restricted ration. Some of the cows produced over 500 lb. of butterfat in 305 
days and all produced well over 400 lb. It would seem, therefore, that if cows 
receive an ample supply of good quality alfalfa hay and a supplement contain- 
ing 2 to 3 per cent dietary fat, milk production would not be significantly 
greater if a ration containing 4 to 5 per cent dietary fat was fed. The percen- 
tage of butterfat in the milk, however, could be expected to increase significantly 
with a higher per cent of fat in the ration. 

SUMMARY 

1. Feeding as much as 10 lb. per day of ground soybeans or soybean meal 
with alfalfa hay caused no digestive disturbances and the palatability of the 
ration was not reduced noticeably. 

2. Alfalfa hay supplemented with ground soybeans or soybean meal al- 
lowed milk and butterfat production to be maintained significantly above that 
expected on alfalfa ha;^ alone. 

3. A ration of alfalfa hay and ground soybeans containing 5.2 per cent 
dietary fat did not increase milk production when compared to a ration of 
alfalfa hay and soybean meal containing 2.7 per cent dietary fat. 

4. Significant increases in the per cent butterfat of the milk produced were 
obtained when the high-fat ration was fed. 

5. An actual, but not significant, increase was noted in total butterfat and 
in pounds of 4 per cent fat-corrected milk produced. 
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LIVABILITY AND FERTILITY OP BOVINE SPERMATOZOA 
IN DIFFERENT DILUENTS 

B. W. BRATTON, R, H. FOOTE, S. D. MUSGRAVE and N. L. VANDEMARKi 
Laboratory of Animal Breeding and Artificial Insemination, Department of Animal Buabandry, 

Cornell University, Ithaca, N. Y, 

Considerable difference of opinion exists as to the relative merits of the 
available diluents for bovine semen used in artificial breeding. This is evidenced 
by the report of the first annual meeting of the National Association of Artificial 
Breeders (4) which indicates that phosphate-yolk, citrate-sulfa-yolk and Phillips* 
pabulum have been used with varying degrees of success. 

Since the develoi)ment in this country of the phosphate-yolk diluent by 
Phillips (5) and Phillips and Lardy (6) and the citrate-yolk formula by Salis- 
bury et al. (10), the latter formula has been modified by reducing the sodium 
citrate dihydrate content of the buffer from 3.6 to 2.9 per cent (12) and includ- 
ing in it 0.6 per cent sulfanilamide (2, 9, 11). Also, Swanson (14) has reported 
3 per cent sodium citrate to be satisfactory as a buffer when used with egg yolk. 

A tablet form of the citrate-sulfanilamide buffer based upon Salisbury’s 
recommendations has been prepared by the Ortho Research Foundation, Raritan, 
New Jersey. This same organization also has developed a ready-to-use liquid 
formula for bovine semen containing sodium citrate as a buffer, a sulfonamide, 
dextrose and other ingredients. A synthetic pabulum has been developed by 
Phillips and Spitzer (7) and is prepared and distributed commercially by the 
National Agricultural Supply Co., Fort Atkinson, Wisconsin. 

With the exceptions of the early comparisons between phosphate-yolk and 
citrate-yolk and between citrate-yolk and citrate-sulfanilamide-yolk by Salisbury 
and Bratton (9), Salisbury (10) and Salisbury and Knodt (11) and the recent 
report of Hurst and LaMaster (1) in which phosphate-yolk, citrate-yolk and the 
Ortho liquid were compared, no simultaneous comparisons of the original formu- 
lae with their more recent modifications have been reported. Furthermore, the 
early comparisons between phosphate-yolk and citrate-yolk (10) and between 
phosphate-yolk and Phillips’ pabulum (7) were based on extremely low dilution 
rates and small numbers of inseminations. The work of Salisbury (8) and 
Salisbury and Bratton (9) in establishing the practicability of high dilution rates 
with the citrate diluents has emphasized the need for re-evaluating the present 
day diluents at these higher rates. 

In view of the lack of conclusive evidence of the relative merits of the diluents 
in use today in terms of spermatozoan livability and fertility at high dilution 
rates, the experiment reported herein was designed to compare, at dilution rates 
of 1 : 200 and using split ejaculates, the following diluents: Phillips’ phosphate- 
yolk (6), Salisbury’s citrate-yolk (10), Salisbury’s citrate-sulfanilamide-yolk 
containing 3.6 and 2.9 per cent citrate (9, 11, 12), the Ortho Research Founda- 
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tion ’s buffer tablets and its ready-to-use liquid formula for bovine semen. Phil- 
lips^ pabulum (7) was not used in these comparisons because unsatisfactory 
spermatozoan livability was encountered in preliminary storage studies in this 
laboratory. 

EXPERIMENTAL PROCEDURE 

The simultaneous comparison of all six diluents was accomplished by use of 
a 6 X 6 latin square experimental design. Each semen sample was divided into 
six portions and each portion diluted at a rate of 1 : 200 in one of the six diluents. 
All inseminations were made by the regularly employed technicians affiliated 
with the New York Artificial Breeders* Cooperative, Inc. These technicians 
were divided at random into six groups. Each technician group received a dif- 
ferent diluent during 5 consecutive days of each experimental week. The re- 
maining 2 days of each week were utilized as a change-over period. In order 
that all technicians would have equal opportunities for using all six diluents, 
and at the same time minimizing discrimination between diluents when a par- 
ticular cow was to be inseminated, the experiment was conducted for a period of 
6 weeks. At the dilution rates employed, the semen requirements were met by 
using two bulls per day, a total of ten bulls per week. Since the same ten bulls 
were used each week, the 6x6 latin square design was replicated ten times. The 
actual sequence of diluents received by technician groups each week for a single 
replicate is shown in table 1. 

' TABLE 1 

Bafdc design of the experiment for 6 weeJca using hull 1 (6x€ latin square) 


Diluents used by technician groups 



I 

11 

III 

IV 

V 

VI 

1 

py. 

2.9 eSAY 

3.6 eSAY 

OTY 

OL 

3.6 CY 

2 

3.6 eSAY'* 

OL 

OTY 

PY 

3.6 CY 

2.9 eSAY 

3 

OL 

OTY 

3.6 CY 

2.9 eSAY 

PY 

3.6 eSAY 

4 

3.6 CYb 

PY 

2.9 eSAY 

OL 

3.6 eSAY 

OTY 

5 

OTY 

3.6 CY 

PY 

3.6 C8AY 

2.9 eSAY 

OL 

6 

2.9 eSAYb 

3.6 eSAY 

OL 

3.6 CY 

OTY 

PY 


• P = phosphate ; C = citrate ; SA ^ sulfanilamide ; Y = egg yolk ; OT = Ortho tablets ; OL = 
Ortho liquid (used directly without egg yolk). 

b 3.6 and 2.9 Indicate percentage concentration of citrate. 


The semen used was obtained from Holstein bulls in the active stud of the 
New York Artificial Breeders* Cooperative, Inc. Semen was collected by means 
of the artificial vagina and examined for quality according to the routine pro- 
cedures of this laboratory. Only those semen samples which contained 70 per 
cent or more motile spermatozoa, 900 x 10^ spermatozoa per ml. of fresh semen, 
and reduced methylene blue in less than 9 minutes were shipped for use in in- 
semination. 

The composition of the buffers and diluents used, and the average pH of each, 
are shown in table 2. All diluents were prepared fresh during the afternoon 
preceding the morning they were to be shipped. 

A 3-ml. portion of each diluted semen sample was stored at 5° C. and 
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examined daily for the per cent of motile spermatozoa and their relative rate 
of progressive movement until all the spermatozoa in the sample were dead. 
These examinations were used to compare the several diluents on the basis of 
the livability of the spermatozoa in storage. 

The fertility of the diluted semen samples was determined from the 60- to 
90-day non-returns to first service cows and expressed as the per cent non- 


TABLE 2 

Composition and pH of each hvffer and diluent 



PY« 

3.6»> 

CY 

3.6 

CSAY 

2.9 

CSAY 

OTY 

OL 

KH^4 iff-) 

Na,HP 04 l 2 H ,0 (^.) ... 
NaaC,HB0f2H,0 (p.) 

Sulfanilamide iff.) 

Water (redistilled over 
glass) to final vol. (mh) 

2.0 

. 20.0 

36.0 

36.0 

6.0 

29.0 

6.0 

50 

tablets 


1000 

1000 

1000 

1000 

1000 


pH of buffer 

Ratio of egg jolk to buffer 

7.36 

7.41 

7.36 

7.41 

7.20 


1;1 

1:1 

1: 1 

1: 1 

1: 1 


pH of diluent 

6.76 

6.70 

6.72 

6.73 

6.67 

6.52 


••bSee footnotes for table 1. 

returns. The per cent non-returns for each ejaculate x technician group x di- 
luent subclass (table 1) was considered as the experimental unit. These obser- 
vations were subjected to the analysis of variance (3, 13) for determining sta- 
tistical significance between the means for the diluents. 

RESULTS 

In table 3 are shown the percentages of motile spermatozoa at intervals dur- 
ing the first 6 days of storage at 5® C. R^iable estimates of the per cent of 

TABLE 3 


Livability of spermatozoa in the dif event diluents during storage at C, 


Duration of 

% motile spermatozoa in different diluents 


storage 

(hr.) py« 

3.6b 

CY 

3.6 

CSAY 

2.9 

CSAY 

OTY 

OL 


3 . c 

58 

59 

58 

67 

50 


24 

50 

50 

51 

49 

41 


48 

40 

43 

46 

42 

30 


72 

30 

37 

41 

36 

22 


96 

26 

29 

31 

28 

13 


144 

17 

20 

24 

20 

6 



••bSee footnotes for table 1. 

0 Reliable estimates not possible. 


motile spermatozoa in the phosphate-yolk diluent were not possible, but in gen- 
eral spermatozoan livability appeared to be as satisfactory as in the other 
diluents. From the practical standpoint 3.6 CY, 3.6 CSAY, 2.9 CSAY and OTY 
were about equal for maintaining the motility of spermatozoa. The per cent 
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of motile spermatozoa was slightly lower in the OL diluent. However, the im- 
motile spermatozoa were more discernible in the OL than in the yolk diluents 
and as a consequence the per cent of motile spermatozoa may have been esti- 
mated more reliably. 

The number of first-service cows inseminated and the mean per cent 60- to 
90-day non-returns for these same cows are shown in table 4. From the statisti- 
cal analyses the mean percentages for non-returns for the 3.6 CSAY, 2.9 CSAY, 
OT and OL diluents were significantly higher (1 per cent level of probability) 
than those for the PY and the 3.6 CY diluents. Within the former group the 
differences between means were not statistically significant. 

TABLE 4 

Fertility level of semen in different diluents 
{based on 60- to OO-day non-returns to 1st service cows) 

Diluents 


PY« 


3.r)b 

CY 


3.6 2.9 

CSAY CSAY 


OTY 


OL 


Total miinber of 

Ist services 1945 1847 1843 1924 1843 1810 

60- to 90-day non- 
returns (wean %) 50.5 50.5 55,3 56.5 56.4 55.0 


«. b See footnotes for tabK 1. 


It is of particular interest that all those diluents containing sulfonamides 
were accompanied by non-return rates that were significantly higher than those 
containing no sulfonamides. The average increase in non-return rate was ap- 
proximately 5 percentage units, a value similar to that reported by Salisbury 
and Knodt (11) when citrate-yolk was compared with citrate-sulfanilamide-yolk. 


SUMMARY 

By means of a 6 x 6 latin square design, six bovine semen diluents were com- 
pared. Sixty semen samples from ten Holstein bulls were subdivided into six 
portions and each portion diluted at a rate of 1 : 200 with one of the six diluents. 

Based on the per cent 60- to 90-day non-returns to approximately 1850 first 
service cows per diluent, the mean fertility level for each diluent was as follows : 
phosphate-yolk, 50.5; 3.6 citrate-yolk, 50.5; 3.6 citrate-sulfanilamide-yolk, 55.3; 
2.9 citrate-sulfanilamide-yolk, 56.5; Ortho tablet-yolk, 56.4; and Ortho liquid, 
55.0. 

The average non-returns for the sulfonamide-containing diluents (3.6 citrate- 
sulfanilamide-yolk, 2.9 citrate-sulfanilamido-yolk. Ortho tablet-yolk and Ortho 
liquid) was 5 percentage units higher than for those diluents not containing 
sulfonamides (3.6 citrate-yolk and phosphate-yolk). This difference was signi- 
ficant at the 1 per cent level of probability. 

Livability of spermatozoa during storage at 5® C. was satisfactory for all six 
diluents. 
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filled milks POE DAIRY CALVES. II. COMPARATIVE EFFECTS 
OP VARIOUS TYPES OP SOYBEAN OILS AND OF BUTTER OIL ON 
HEALTH, GROWTH AND CERTAIN BLOOD CONSTITUENTS’ 

W. E. MUELEY, K. L. JACOBSON, G. H. WISE and E. S. ALLEN 
Zoica Stale College, Ames 

Although the economic need for the substitution of relatively inexpensive 
oils and fats for milk fat in the diet of young calves has been recognized, vegetable 
oils generally have proved unsatisfactory for this purpose (5). Recent evidence 
(7) indicates that responses of calves fed a filled milk containing crude soybean 
oil arc characterized by unthriftiness, excessive scouring and high mortality, but 
reactions of calves receiving hydrogenated soybean oil compare favorably with 
those of subjects fed milk fat. Since several distinct processing stages are in- 
volved in the preparation of hydrogenated soybean oil from the crude product, 
the relation of the accompanying alterations of the oil to its nutritional value 
warranted investigation. 

The present study was designed to determine the effects of feeding various 
types of soybean oils to young calves on health and on the levels of certain con- 
stituents of the blood. 

'EXPERIMENTAL PROCEDURE 

Twenty j^oung calv(‘S, sixteen Holsteins and four Guernseys, were divided into 
four comparable groups of five animals each. From birth until 4 days of age 
all calves received mammary secretions from their respective dams. During the 
subsequent experimental period of 56 days, each calf was restricted to a diet of 
reconstituted milk supplemented with vitamins A and D and a mineral mixture. 
The daily dosage of vitamin A was 10,000 I.U. per 100 lb. body weight, whereas 
that of vitamin D was 1,000 I.U. per calf irrespective of size. A complex mineral 
mixture employed in a previous experiment (7) was given daily at the rate of 7 g. 
per 100 lb. body weight to eliminate possible complications from mineral defi- 
ciencies. 

The distinguishing characteristic of the diets of the respective groups was the 
kind of oil or fat incorporated in the reconstituted milk. This product consisted 
of 10 per cent non-fat dry milk solids and 3 per cent oil or fat, dispersed in water 
by homogenization at 3,000 lb. pressure. On the basis of the source and the type 
of fat used, the dietary groups were as follows : Group I — ^milk fat, butter oil ; 
Group IT — soybean oil, crude; Group III — soybean oil, refined and bleached; 
Group IV — soybean oil, hydrogenated and deodorized. The butter oil was pre- 
pared by rendering high quality butter. The three soybean oils, representing 
major sequential stages in standard commercial processing, were from the same 
batch of oil.* 

Beeeived for publication March 8, 1949. 

3 Journal paper no. J>1462 of the Iowa Agricultural Experiment Station. Project no. 814. 

2 Supplied by Swift and Co., Chicago, Illinoia. 
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The reconstituted milks, prepared immediately prior to each of the two 
daily feeding periods, were fed from nipple pails. Adjustments in feeding rates, 
based on weight changes of calves, were made at weekly intervals. The amount 
offered to normal calves daily was 1 lb. per 10 lb. body weight. Whenever 
evidences of digestive disturbances were detected, the amount fed was reduced by 
50 per cent. This level was maintained until the health of the calf improved, after 
which the intake was increased gradually to the standard level. 

Several special managemental and prophylactic measures were taken to 
minimize the number of possible complicating factors. All calves, housed in 
individual pens bedded with shavings, were muzzled to prevent excessive con- 
sumption of shavings and other extraneous materials. In view of the apparent 
susceptibility of young calves to gastro-enteric infections, ‘‘sulfathalidine’^® was 
administered at the rate of 6 g. daily per 100 lb. body weight during the first week 
of the experimental period (12). 

Appraisal of the responses of the calves to the experimental treatments in- 
volved recorded observations of health, milk intake, weight changes, hemoglobin 
content of the blood and vitamin A, carotenoid and fat concentrations in the 
blood plasma. The calves were examined twice daily to detect any abnormalities, 
particularly diarrhea. The quantities of milk fed and refused at each feeding 
were measured accurately. At the beginning of the experimental period and at 
weekly intervals thereafter, calves were weighed and samples of venous blood 
were collected. The time of collection was 8 to 10 hours after the morning feeding 
and 20 to 22 hours after administration of vitamins. From each sample of blood, 
oxalated to prevent coagulation, 0.04 ml. was removed for hemoglobin determina- 
tions (9), The remainder was centrifuged within 24 hours to obtain plasma for 
further analyses. Vitamin A and carotene were determined by procedures de- 
scribed by Squibb et al. (13) and the fat by the method reported by Allen (1) . 

EXPERIMENTAL RESULTS 

Health, In view of previous reports of high death losses of calves fed certain 
vegetable oils (5, 7) the mortality was surprisingly low; only one calf (group II) 
died during the course of the investigation. Since this animal survived to within 
4 days of the termination of the trial, the missing items were supplied by com- 
putation (11). 

Even though mortality was low, morbidity was high, particularly in groups 
receiving the crude and the refined soybean oils. The incidence of scours (table 1) 
was high in all groups during the first week the calves were on the experimental 
rations. Subsequently, the frequency of scours, though somewhat reduced, was 
erratic. During the entire trial, the incidence and the severity of the diarrhea 
were least in the calves fed butter oil, followed in order by the groups receiving, 
respectively, hydrogenated, refined and crude soybean oils. The differences in 
the dietary effects were manifested not only in the incidence of scours but also 
in the accompan 3 d[ng unthriftiness of the calves. Those in the crude and the re- 
fined soybean oil groups were thinner and more lethargic than the subjects in the 

8 Provided by Sharp and Dohme, Glenolden, Pa. 
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other two groups. Differences in the health of animals receiving the butter oil 
and the hydrogenated soybean oil were not marked, but the degree of improve- 
ment in appearance as the feeding trial progressed was greater in the former 
group than in the latter. 

Weight changes. Trends of the mean body weights for each group of calves, 
as shown in fig. 1, revealed approximately equal gains in calves fed reconstituted 
milks containing, respectively, butter oil (group I) and hydrogenated soybean oil, 
(group IV). A similar relationship was observed in calves receiving crude soy- 

TABLE 1 

Effect of type of oil in reconstituted milTc diets of young calves on incidence of scouring 


Periodie (wk.) incidence of scouring* 


Dietary 

Calf. 

— 




— — 



— 

8-wk. 

period 

group 

no. 

1 

2 

3 

4 

5 

6 

7 

8 







(%) 






3043 




7.1 



7.1 

7.1 

2.7 

T 

3036 










X 

(Butter oil) 

3071 

3074 

14 3 
14,3 

21.4 


21.4 





44 

4.4 


Av. 

5.7 

4.3 

0 

5.7 

0 

0 

1.4 

1.4 

2.3 


3044 





7.1 


7.1 

7.1 

3.5 


3052 

21.4 

35.7 

14.3 

7.1 




28.5 

13.2 

IT 

3058 

28.5 

21,4 

7.1 

14.3 


14.3 

7.1 

21.4 

14.2 

(('ru<le soybean 

3062'^ 

21.4 


7.1 





14.3 

5.7 

oil) 

3067 

21.4 

21.4 

7.1 

42.8 

21.4 

28.5 

14.3 


19.5 


Av, 

18.5 

15.7 

7.1 

12.8 

5.7 

8.6 

5.7 

14.3 

11.2 


3041 

14,3 





7.1 

7.1 


3.5 


3047 

21.4 

21.4 

7.1 

14.3 

21.4 

7.1 

14.3 

28.5 

16.8 

in 

3051 





14.3 

21.4 

7.1 

21.4 

97 

(Refined soy- 

3061 

50,0 




14.3 

7.1 

14.3 

7.1 

11.5 

bean oil)" 

3075 


21.4 

14.3 

7.1 


14.3 

35.0 

14.3 

13.3 


Av. 

17.1 

8.5 

4.3 

4.3 

10.0 

11.4 

15.6 

14.3 

11.0 


3039 

21.4 


35.0 

7.1 




7.1 

8.0 


3040 

21.4 



14.3 

21.4 




6.2 

IV 

3048 

28.5 

14.3 


14.3 


7.1 

7.1 


8.9 

(Hydrogenated 

3063 

21.4 

7.1 







3.5 

soybean oil) 

3072 











Av. 

18.5 

4.3 

7.0 

7.1 

4.3 

1.4 

1.4 

1.4 

5.3 


* Number of times scouring observed for the specific period -4- number observations x 100. 
b Died 4 d. prior to termination of experimental period. 


bean oil-filled milk (group II) and those fed refined soybean oil-filled milk (group 
III). Even though weight gains for groups I and IV were greater than those 
for groups II and III, the differences were not significant statistically. This 
lack of significance is>ascribable, in part, to the marked intra-group variations. 
The ranges of weight changes, in pounds, for the respective groups were : group 
I, 18 to 87 ; group 11,-9 to 28 ; group III, - 2 to 34 and group IV, 11 to 49. 
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Uatios of milk ingested to weight gains* The ratios were erratic, inasmuch 
as the quantities of milk consumed and the body weight changes within the 
different groups of calves were highly variable. However, the ratios of milk con- 
sumed to weight increases (table 2) for the individual groups revealed, on one 
extreme, a marked similarity between the groups of calves receiving the butter oil 



Fig. 1. Effect of type of oil in the reconstituted milk diet of calves on the changes in 
body weights. 

and the hydrogenated soybean oil and, on the other, a close resemblance between 
the groups of animals given crude and refined soybean oils. The range of ratios, 
from 1 : 16.1 to 1 : 31.2, is striking. 

Blood constituents, a. Hemoglobin of blood. The hemoglobin values pre- 
sented in table 3 reveal marked variability among individuals but similarity in 


TABLE 2 

Effect of type of oil in the milk fed to calves on the ratio of 
quantity ingested to the gain in weight 


Group 

Oil in diet 

Av. milk 
consumed 

Av. wt. 
gains 

MUk/lb. 

gain 



(».) 

(»0 

(Zi.) 

I 

Butter 

450.7 

28.0 

16.1 

11 

Crude soybean 

405.2 

13.0 

31.2 

III 

Refilled soybean 

449.0 

14.6 

30.8 

IV 

Hydrogenated soybean 

468.8 

26.0 

18.0 


means for the groups. Since only one calf, 3039 of group IV, had hemoglobin 
levels sufiSeiently low to be considered in the anemic range, a deficiency of hem« 
atopoietie constituents apparently did not contribute to differences in the general 
health of calves in the various dietary groups. There was, however, in all groups 
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a slight decline in concentrations from the early stages of the trial to approxi- 
mately the sixth week. 

h. Vitamin A and carotenoids of blood plasma. The data relating to these 
constituents are shown in tables 4 and 5. If 10 y of vitamin A per 100 ml. of 
blood plasma be accepted as the lower level of the normal range of concentrations 
(3), there were deficient calves in each group (table 4). In accordance with ex- 
pectations, the extent of the deficiency was least evident in the calves receiving 
butter oil, inasmuch as this fat contained 5.50 y of vitamin A and 4.42 y of caro- 

TABLE 3 

Concentralion of hemoglobin in the blood of calves receiving different 
oils in the reconstituted milk diets 

Coucentrations of hemoglobin at 7-d. intervals 

Dietary group Calf no. .... 

4 11 18 25 32 39 46 53 60 


(g./lOO ml.) 



3043 





9.8 

7.9 

9.5 

8.8 

8.6 


3053 

11.3 

13.9 

13.3 

12.6 

10.2 

11.6 

8.6 

10.3 

9.7 

T 

3056 

12.5 

11.5 

10.5 

10.3 

10.0 

9.5 

9.3 

8.8 

9.5 

(Butter oil) 

3071 

16.9 

14.2 

11.6 

11.6 

12.1 

11.5 

12.7 

32.1 

13.1 

3074 

15.0 

14.9 

13.0 

13.2 

13.0 

11.9 

10.8 

11.3 

11.4 


Av. 

13.9 

13.6 

12.1 

11.9 

11.3* 

ll.la 

10.3» 

10.6* 

10.9* 


3044 

1^7 



9.7 

9.7 

13.3 

12.4 

11.3 

11.6 


3052 

19.3 

15.1 

15.0 

12.5 

12.4 

9.9 

9.6 

9.9 

II 

3058 

15.0 

14.7 

13.9 

13.1 

11.8 

12.9 

10.4 

11.0 

11.3 

(Crude 

3002 

13.7 

13.3 

12.4 

10.9 

9.9 

10.4 

11.3 

11.6 

11.6 

soybean oil) 

3067 

14.5 

11.9 

13.2 

12.3 

11.8 

10.9 

11.0 

11.1 

9.7 


Av. 

14.2 

14.8 

13.7 

12.8a 

11.5a 

11.7* 

10.7* 

10.8* 

10.6* 


3041 





12.5 

10.2 

10.9 

11.3 

10.6 


3047 

15.0 

15.0 

11.1 

14.7 

11.6 

11.5 

11,1 

11.6 

14.5 

III 

3051 

11.9 

14.3 

15.0 

13.1 

12.0 

32.7 

11.1 

11.0 

10.5 

(Belined 
soybean oil) 

3061 

16.9 

10.3 

15.5 

14.8 

12.4 

10.7 

11.1 

11.0 

30.1 

3075 

13.4 

13.3 

12.5 

12.1 

13.4 

11.6 

9.4 

9.7 

8.5 


Av. 

14.3 

14.7 

13.5 

13.7 

12.3* 

11.6* 

10.7* 

10.8* 

30.9* 


3039 






7.9 

6.6 

9.1 

7.1 


3040 






8.9 

10.0 

12.3 

10.3 

rv 

3048 

15.0 

18.1 

11.2 

12.6 

12.5 

10.9 

31.9 

11.5 

31.6 

(Hydrogenated 

3063 

13.9 

14.5 

13.9 

12.7 

11.2 

10.3 

11.8 

9.6 

13.5 

soybean oil) 

3072 

12.0 

11.9 

10.3 

9.8 

11.1 

9.1 

8.8 

7.7 

9.1 


Av. 

13.6 

14.8 

11.8 

11.7 

11.6 

10.1* 

10.8* 

9.6* 

11.4* 


a Only calves on -n’liich hemoglobin measurements were made throughout included in the av. 


tene per g., whereas the vegetable oils probably were almost devoid of vitamin 
A activity. Among the calves fed soybean oils, the vitamin A values were lower 
in the subjects fed the milks containing the crude and the refined oils than in 
those receiving the hydrogenated oil. These inter-group differences, however, 
were not statistically significant. 

Throughout the trial, the carotenoid concentrations in the blood plasma also 
were extremely variable among individual calves (table 5). The highest values 
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were in plasma from Guernsey calf 3058, receiving crude soybean oil. Mean 
levels of the carotenoids for the groups of calves fed butter oil and crude soybean 
oil were similar and higher than for the other groups. The lowest values were 
observed in group IV (hydrogenated soybean oil). Though the differences be- 
tween the highest and the lowest group means are great they are not significant 
statistically, inasmuch as the number of animals in each group was small and the 
variability great. 

TABLE 4 

Effect of type of oil in reconstituted milk diets of young calves on concentrations of vitamin 

A in blood plasma 


Vitamin A levels at 7-d. intervals 


group 

no. 

4 

11 

18 

25 

32 

39 

46 

53 

60 






(y/lOO ml.) 






.304.3 

1.3.0 

27.4 

23.2 

17.4 

16.0 

16.0 

14.5 

17.0 

16.8 


3053 

18.2 

14.7 

12.7 

16.3 

11.5 

16.7 

15.5 

15.7 

9.5 


3056 

16.7 

15.0 

18.0 

18.3 

20.1 

16.7 

10.8 

10.7 

10.7 

1 

(Butter oil) 

3071 

13.6 

10.3 

14.7 

8.1 

5.5 

7.5 

9.6 

15.9 

15.3 

3074 

25.0 

28.0 

21.7 

7.9 

10.2 

12.4 

13.4 

13.9 

15.5 


Av. 

17.3 

19.1 

18.1 

13.6 

12.7 

13.9 

12.8 

' 14.6 

13.4 


3044 

19.9 

14.1 

12.2 

6.5 

10.9 

7.9 

11.1 

8.6 

8.1 


3052 

20.4 

13.1 

8.9 

13.0 

10.3 

11.4 

18.0 

11.1 

8.8 

11 

.3058 

11.5 

8.0 

12.5 

13.3 

12.2 

8.4 

6.5 

2.0 

5.8 

(Crude soybean 

3062 

20.0 

18.7 

10.8 

10.0 

6.2 

2.3 

1.9 

3.4 

4.9» 

oil) 

3067 

15.6 

11.9 

13.8 

6.4 

4.7 

11.7 

8.8 

5.0 

2.8 


Av. 

17.5 

13.2 

11.6 

9.8 

8.8 

8.8 

9.3 

6.0 

6.1 


3041 

21.1 

17.4 

10.2 

6.8 

7.7 

»v9 

6.0 

11.1 

13.1 


3047 

16.6 

6,7 

9.5 

6.8 

7.7 

8.0 

5.3 

8.8 

10.0 

III 

3051 

15.7 

13.0 

11.7 

10.6 

9.6 

10.3 

9.6 

6.5 

3.7 

(Befinod soy- 

3061 

19.3 

14.0 

25.1 

9.3 

5.3 

3.4 

7.6 

6.1 

6.0 

bean oil) 

3075 

24.5 

14.0 

5.2 


6.4 

7.1 

10.8 

7.0 

3.8 


Av. 

19.4 

13,0 

12.3 

8.9 

7.3 

7.7 

7.9 

7.9 

7.3 


3039 

22.0 

10.1 

16.7 

14.5 

7.5 

14.2 

12.4 

9.4 

11.2 


3040 

13.3 

19.7 

13.7 

11.2 

9.6 

12.9 

13.8 

13.8 

8.3 

IV 

3048 

12.5 

5.8 

8.6 

9.6 

9.4 

9.5 

11.2 

8.7 

12.3 

(Hydrogenated 

3063 

22.2 

23.3 

15.1 

15.2 

9.2 

6.6 

2.2 

8.8 

5.3 

soybean oil) 

3072 

17.1 

18.6 

15.8 

8.5 

6.7 

12.3 

7.7 

9.9 

6.8 


Av. 

17.4 

15.5 

14.0 

11.8 

8.5 

11.1 

9.5 

10.1 

8.8 


» Calf died. Item supplied by missing data formula. 


e. Fat concentrations in "blood plasma. Blood plasma fat levels (table 6) 
decreased in all groups during the first week after changing from colostral secre- 
tions to the respective reconstituted milks. Subsequently, the trends were up- 
ward, attaining the m axi mum the third week. The changes thereafter were 
irregular, particularly in the plasma from calves receiving the soybean oils. The 
plasma fat content was significantly higher in the groups of calves fed the crude 
and the refined soybean oils than in those receiving the other oils. During the 
lattmr half of the trial, plasma fat levels for the calves receiving butter oil were 
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over twice as high as those for calves receiving the hydrogenated oil, a difference 
which was highly significant statistically. 

DISCUSSION 

In accordance with previous observations (7), the health of calves fed filled 
milk containing hydrogenated soybean oil was markedly similar to that of calves 
given a reconstituted milk containing butter oil. In contrast to the relatively 
good physical condition of animals in these groups, diarrhea, low weight gains and 

TABLE 5 

Effect of type of oil in rcconsUiuted mUJc diets of young calves on concentrations of 
carotenoids in "blood plasma 


Diftwry 

group 

Calf 

no. 


11 

C.aroteiioids levels at 7-d. 

18 25 32 39 

intervals 

46 

53 

60 


3043 

21.3 

9.8 

20.2 

{y/lOO ml.) 
19.i 6.8 

6.2 

9.8 

9.8 

8.5 


3053 

7.9 

10.7 

14.3 

11.7 

21.1 

23.4 

16.8 

17.2 

34.3 

j 

3056 

28.8 

13.2 

13.6 

27.5 

21.7 

11.5 

12.2 

7.7 

9.8 

(Butter oil) 

3071 

3.4 

4.0 

2.8 

5.8 

10.2 

9.4 

9.6 

17.1 

22.2 

3074 

13.2 

1.9 

3.4 

7.7 

9.4 

12.4 

8.1 

12.3 

15.1 


Av. 

14.9 

7.9 

10.9 

14.4 

13.8 

12.6 

11.3 

12.8 

14.0 


3044 

18.5 

26.2 

21.9 

13.2 

12.3 

15.5 

16.2 

15.8 

15.3 


3052 

l2 2 

11.5 

5.5 

7.0 

11.9 

11.7 

10.7 

9.8 

3.0 

TI 

3058 

25.3 

13.4 

30.3 

43.0 

41.3 

43.7 

24.3 

23.7 

23.7 

(Crude soybean 

3062 

12.1 

6.8 

9.8 

10.4 

6.4 

4.0 

2.5 

2.6 

2.1« 

oil) 

3067 

11.3 

11.5 

10.9 

7.7 

8.5 

9.4 

10.7 

5.0 

6.4 


Av. 

15,9 

13.9 

15.7 

16.3 

16.1 

16.9 

12.9 

11.4 

10.1 


3041 

19.4 

19.4 

14.5 

9.8 

6.2 

6.4 

5.8 

5.5 

8.5 


3047 

43.0 

8.5 

11.9 

12.6 

13.0 

10.2 

5.7 

9.2 

7.5 

III 

3051 

12.1 

10.0 

12.3 

8.7 

13.0 

9.8 

11.5 

6.6 

3.4 

(Beil lied soy- 

3061 

22.6 

7.2 

13.8 

8.9 

4.3 

2.6 

0.9 

2.5 

2.3 

bean oil) 

3075 

13.4 

7.5 

4.9 

5.5 

3.4 

7.1 

2.5 

2.1 

0.4 


Av. 

22.1 

10.5 

11.5 

9.1 

8.0 

7.2 

5.3 

5.2 

4.4 


3039 

95.7 

23.0 

25.2 

19.2 

9.2 

3.6 

4.5 

3.8 

2.6 


3040 

20.0 

10.9 

8.7 

5.1 

4.2 

1.7 

2.8 

5.3 

3.2 

IV 

3048 

6.6 

3.6 

1.0 

0.8 

1.0 

3.4 

1.5 

2.1 

5.1 

(Hydrogenated 

3063 

19.6 

7.2 

6.0 

4.5 

1.9 

4.7 

6.2 

0.8 

1.9 

soybean oil) 

3072 

24.9 

8.7 

5.1 

3.4 

5.3 

2,5 

7,7 

0.0 

3.2 


Av. 

33.4 

10.7 

9.2 

6.6 

4.3 

3.2 

4.5 

2.4 

3.2 


« Calf died. Item supplied by missing data formula. 


high morbidity prevailed among subjects fed the crude and the refined soybean 
oils. These unsatisfactory responses corroborate previous findings (5, 7), except 
that the mortality was lower and the general health was somewhat better than 
reported earlier. These apparent discrepancies are tenable, inasmuch as the 
duration of the experiment reported herein was shorter than that of Gullickson 
ei ah (5) and, contrary to the procedure followed by Jacobson et ah (7), milk 
intake by diarrhetia calves was reduced, thus tending to alleviate the undesirable 
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reactions to the diet. Moreover, it is possible that the soybean oils used in the 
various investigations were dissimilar in quality and composition. 

The largest weight increases were made by calves receiving the butter oil and 
the hydrogenated soybean oil, but even these gains were substandard (10). This 
retarded growth evidently was due largely to an inadequate intake of total di- 
gestible nutrients, which was approximately 25 per cent less than the recom- 
mended allowance (8). In addition to the effect of the low energy content of 

TABLE 6 

Effect of type of oU in reconstituted mUh diets of young calves 
on concentrations of fat in blood plasma 


Fat concentrations at 7-6. intervals 


group 

no. 

4 

11 

18 

25 

32 

30 

46 

53 

60 






(mg,/100 ml.) 






3043 

100 

58 

142 

156 

114 

114 

127 

66 

94 


3053 

79 

64 

98 

146 

153 

159 

144 

122 

124 


3056 

113 

73 

125 

152 

138 

103 

118 

126 

164 

1 

3071 

66 

23 

98 

115 

108 

126 

169 

179 

184 

Oily 

3074 

79 

19 

117 

168 

138 

98 

134 

182 

157 


Av. 

87.4 

47.4 

116.0 

147.4 

132.2 

120.0 

138.4 

135.0 

144.6 


3044 

102 

136 

202 

194 

217 

236 

231 

219 

244 


3052 

98 

31 

.34 

178 

146 

185 

158 

110 

69 

II 

3058 

39 

64 

167 

294 

280 

126 

231 

188 

222 

(Crude soybean 

3062 

62 

66 

162 

163 

167 

117 

128 

139 

141* 

oil) 

3067 

111 

85 

164 

204 

162 

191 

205 

167 

157 


Av. 

82.4 

76.4 

145.8 

206.6 

194.4 

171.0 

191.0 

164.6 

166.6 


3041 

104 

118 

198 

236 

244 

319 

217 

213 

160 


3047 

124 

26 

105 

182 

151 

141 

154 

127 

177 

III 

3051 

142 

135 

200 

377 

331 

318 

239 

233 

263 

(Bedned soy- 

3061 

118 

56 

188 

* 163 

226 

194 

234 

233 

206 

bean oil) 

3075 

75 

78 

154 

208 

193 

174 

131 

125 

121 


Av, 

112.6 

82.6 

169.0 

233.2 

229.0 

229.2 

195.0 

186.2 

185.4 


3039 

114 

16 

61 

44 

31 

62 

51 

46 

24 


3040 

110 

28 

78 

106 

128 

43 

60 

64 

44 

IV 

3048 

66 

19 

24 

30 

8 

34 

68 

54 

76 

(Hydrogenated 

3063 

126 

62 

112 

95 

83 

86 

89 

78 

50 

soybean oil) 

3072 

148 

28 

85 

97 

73 

55 

50 

60 

62 


Av. 

112.8 

30.6 

72.0 

74.4 

64.6 

56.0 

63.6 

60.4 

51.2 


• Oalf died. Item supplied by missing data formula. 

the rations, the poor growth of the calves in the crude and the refined soybean 
oil groups undoubtedly was associated with frequency and severity of scouring. 

The small weight gains per unit of milk ingested by calves fed the crude and 
the refined soybean oils may be attributed primarily to the high incidence of 
digestive disturbances and the concomitant reduction in milk consumptioiu The 
rapid passage of ingesta through the digestive tract during periods of diarrhea 
probably affected adversely the efSciency of absorption. 

The tendency of the hemoglobin values to dedine during the early stages of 

. 
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the experiment is in accord with observations on calves receiving normal diets 
(15). If the initial hemoglobin decrease is of dietary etiology, the mineral mix- 
ture evidently was inadequate to maintain the high concentrations. Since the 
levels in individual calves were, in most instances, within the normal range, 
anemia apparently was not a complicating factor. 

Inasmuch as differences in blood plasma vitamin A levels among the groups 
of calves fed the various soybean oils were not marked, this vitamin evidently 
was not a primary factor in the differences in the response of young calves to 
these oils. It is significant, however, that blood plasma vitamin A levels of all 
calves fed the soybean oil rations were extremely low. None of the animals in 
these three groups consistently maintained values above 10 y per 100 ml. of 
blood plasma, the level recommended for adequate vitamin A nutrition (3). 
These low concentrations indicate that under the conditions of this experiment 
young calves need a daily vitamin A intake greater than 10,000 I. U. per 100 lb. 
body weight. 

The calves fed butter oil had a daily intake of approximately 14,000 I. U. 
of vitamin A activity per 100 lb. body w'eight, yet the plasma vitamin A levels 
were low. The values for three calves in this group were within the deficiency 
range during a portion of the experimental period. 

In contrast to the findings of Squibb ei aL (13) in experiments conducted with 
lactating cows, inclusion ^of crude soybean oil in the ration of young calves did 
not depress blood plasma carotenoid levels. Conversely, after the first week, 
the mean values for the group receiving crude soybean oil were considerably 
higher than those for the calves fed the refined and the hydrogenated soybean 
oils and, except for the last 2 weeks, slightly higher than those of the calves re- 
ceiving butter oil. Although the differences among groups were not significant, 
the fact that the carotenoid values were high for certain individuals of the crude 
oil group suggests that the oil supplied a fat-soluble pigment similar to carotene. 
Comparative spectrophotometric studies of extracts from butter oil and crude 
soybean oil further indicated similarity of the pigments. No vitamin A activity 
of the soybean oil pigment, however, was reflected in the blood plasma vitamin A 
concentrations. 

Blood plasma carotenoid and vitamin A levels were reduced when calves 
scoured, a relationship observed by other investigators (6, 14), but apparently 
were unaffected by abnormally high body temperatures. 

The marked decline in blood plasma fat values of all groups during the first 
week of the experiment may be attributed in part to the high incidence of scour- 
ing, which probably resulted in a low coeflScient of absorption during this period. 
Another factor that might have been involved was the possible reduction in 
daily fat intake at the time the calves were transferred from colostrum to the 
experimental rations. 

The comparatively high blood plasma fat values for the crude and refined 
soybean oil groups are similar to observations made by Gullickson ei al. (5) on 
older calves fed corn and cottonseed oils. Although there is no obvious reason 
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for the differences in the fat levels of calves fed the various oils, possible dis- 
similarities in the rate and the extent of absorption and in the subsequent metab- 
olism of the oils merit consideration. 

The characteristics of crude soybean oil causing the deleterious effects oh 
young calves apparently are eliminated in the preparation of the hydrogenated 
and deodorized oil from the crude product. Since refining and bleaching failed 
to improve the value of the oil for calf feeding, evidently the free fatty acids, 
phosphatides, other non-glyceride constituents and pigments removed in the 
processing did not contribute to the ill effects resulting from feeding crude oil. 
Therefore, modifications induced by hydrogenation and/or by related processes 
seemingly enhance the nutritive value of soybean oil. 

Graham and Cupps (4) found that hydrogenated herring oil is less toxic than 
the unhydrogenated product when fed to goats. This observation prompted the 
suggestion that the arrangement of the double bonds in the oil may be a factor 
involved in the physiological reaction. Moreover, it is possible that some sub- 
stance toxic to the young calf may be removed or inactivated during deodorization 
(2). The obscure nature of the relationships between the physiological reactions 
of the calf and the physical and chemical characteristics of the dietary fat indicates 
a need for further investigation. 

SUMMARY 

Three types of soybean oils, crude, refined and hydrogenated, were compared 
with butter oil as components of reconstituted milk rations for dairy calves during 
the period from 4 to 60 days of age. The respective milks, supplemented with 
a mineral mixture and vitamins A and D, were fed to four comparable groups 
of calves. 

Although there was considerable intra-group variation, the incidence of scour- 
ing was lowest for the calves fed butter oil, followed in order by the groups re- 
ceiving, respectively, hydrogenated, refined and crude soybean oils. Frequent 
and severe diarrhea was accompanied by unthriftiness and lethargy. 

The mean weight gains of the calves fed hydrogenated soybean oil were similar 
to those of the group receiving butter oil but greater than the mean weight gains 
of the groups fed the refined and the crude soybean oils, but the differences were 
not significant statistically. 

There were no appreciable differences in the mean hemoglobin levels among 
the various groups. 

Since there were no significant differences in the mean plasma vitamin A values 
among the groups of calves fed the various soybean oils, the differences in growth 
and in state of health cannot be attributed to the level of vitamin A intake. 

Although the mean carotene levels of the blood plasma of the groups fed the 
butter oil and the crude soybean oil were considerably higher than those of the 
other groups, the differences were not significant statistically. 

Mean blood plasma fat levels for the calves receiving butter oil were signifi- 
cantly higher than those of the group fed hydrogenated soybean oil but signifi- 
cantly lower than the mean values of the other two groups. 
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COMPARISON OF METHODS OF ESTIMATING MILK AND PAT 
PRODUCTION IN DAIRY COWS 


M. II. ALEXANDER akd W. W. YAPP 
1)v pari men! of Sntniret Vnn'f rally of Illinois^ X' rbaaa 

Production records of iniJk and fat constitute an important and necessary 
part of the program of herd improvement in dairy cows. Tn Illinois there are 
at present about 1,123,000 dairy (*ows of milking age, of which less than 4 per 
cent are being tested for production. This is too small a number to afford a 
satisfactory basis for any widespread improvement. 

Cost may be a limiting fa<*tor in restricting the scope of testing. This is 
.suggested by the fact that in Illinois in 1936 there were 29 herds, including 326 
cows, on Advaiu'cd Registry test. The numbers on this tyjie of test had in- 

, TABLIO 1 

Approximate coat per year in IVinoia for 1 eating hy three 
different types of teats, 


Type of lest 


CNist/cow 


Po8t/hpv(l 


A\. no. pows 
/ herd 


A.R. 

If. l.R. 

1). IT. LA. 


$ 22.00 

H.G5 

, 1 . 0 .') 


.$20.3.80 13 

181.05 21 

8^.00 23 


a Derived from Illinois testing fee scales for 1047. 

creased by 1945 to 48 herds and 652 cows. Tn 1936 there were in Illinois 27 
herds, including 619 cows, in Herd Improvement Registry testing. By 1945, 
this number had increased to 165 herds including 3,586 cows. In 1936 there 
were 23,812 cows tested in Illinois in Dairy Herd Improvement Associations. 
This figure rose to 44,282 in 1941. The number declined seriously during the 
war and is not yet back to the 1941 peak. Table 1 gives the comparative costs 
of the three different types of testing. 

This investigation was carried out to devise a method of testing that will 
lessen the amount of time and labor required on the part of the tester and the 
cow owner, and so to spread testing efforts over a wider area. 

The semi-ofiScial test, the test used in this study for the standard or measure 
of reliability of other tests, either now in use or proposed, w^as adopted by the 
various breed associations as a sufficiently accurate method of measuring produc- 
Heceived for publication August 5, 1948. 
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tion. If departed from the method of the official test by the device of using only 
a 2-day test period each month together with daily milk weights. Later the test 
period was reduced to 1 day per month. Later still the bi-monthly 1-day test 
period was adopted as optional with the producer. The results obtained by this 
departure from the strictly official method of supervision of tests encourages the 
belief that some further departure from the present methods of testing may yield 
sufficiently satisfactory results to merit consideration. 

REVIEW OP LITERATURE 

A 1-day test every 30 days has yielded results within 2 per cent of those ob- 
tained by testing every day (6). Later it was found (7) that a 1-day bi- 
monthly test varied only 3.8 per cent from the daily test. Bi-monthly tests (8) 
were found to be practically as accurate as monthly tests, having a coefficient of 
correlation of 0.97 with the standard error of estimate within the limit of sig- 
nificance. 

In methods of testing involving less freejuent test periods, a high correlation 
was observed between a 1-day test taken during the fifth month (1, 3) and the 
monthly method of testing. The correlation betw^een the 7-day test (12), taken 
at the beginning of the lactation period, and the yearly test was low. 

The monthly decrease in production w^as found to be very uniform in all 
breeds (10), the production in the twelfth month being approximately 50 per 
cent that of the best month. 

Comparing the monthly to the hi-monthly method of testing. McDowell (7), 
working with 70 C.T.A. records, found that the monthly and bimonthly test 
varied on the average 2.91 and 3.80 per cent, respectively; from the actual. The 
greatest variation for the C.T.A. method was 3.8 per cent, as compared to 12.5 
per cent for the bi-monthly method. Dairymen estimating production in 48 
cases erred by differences of from 1 to 63 per cent with an average error of 28.0 
per cent from the C.T.A. record. 

Gifford (4) found that 69.0 per cent of more than 100 Advanced Registry 
Holstein and Guernsey records were within the standard error of estimate com- 
paring the monthly with the bi-monthly test plan, 95.0 per cent were within tAvo 
times the standard error of estimate and 99.17 per cent were within three times 
the standard error of estimate, the standard error of estimate in each case being 
sufficiently small to make this finding significant. The coefficients of correlation 
between monthly and bi-monthly testing 'were high. He concluded that the bi- 
monthly testing is a satisfactory method of estimating production. 

McKellip and Seath (8), in comparing bi-monthly to monthly records, found 
that the coefficient of correlation was over 0.97, and the standard error of esti- 
mate within the limit of significance. They concluded that bi-monthly tests 
when used with daily milk weights were practically as accurate as monthly 
records made by centering the tests and not using daily TnilTr weights. 

Gifford (4), using 841 records divided into four groups according to various 
production levels, found coefficients of correlation ranging from 0,956 to 0.997 
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between the different {groups, and betw^een assorted pairs of the various groups, 
differences in the coefficients ranging from 0.001 to 0.015. lie concluded that 
bi-monthly testing is satisfactory. 

An analysis of 500 Jersey records (2) comparing the monthly to the bi- 
monthly plan with 250 of the records made under 2-day supervision and 250 
under 1-day supervision showed that 258 of the bi-monthly records exceeded the 
monthly records and 242 were lower. The average variation for all records was 
7.21 lb. of fat. 

Predicting yearly yields from short time records. Petersen (9) comparing 
the 1- and 2-day tests on 35 Jerseys, found* that all but five cows varied less than 2 
per cent and only one cow varied as much as 3 per cent. 

Cannon ct al. (1) found that, based on a single 1-day test and using 400 
Advanced Registry records and 1,289 Dairy Herd Improvement Association 
records, prediction factors for production were determined which showed a high 
correlation between estimated yield and actual yield. It was found that a 1-day 
test taken during the fifth month gave the most dependable prediction of yield. 

Yapp (12), studying the rdiability of the 7-day test, showed that the correla- 
tion between the 7-day test and the yearly test was not high and concluded that 
the 7-day test is not a satisfactory criterion of semi-official production. 

Gaines (3) found that a 7-day test made shortly after calving did not give a 
true indication of the whole lactation but that such a test conducted 60 days or 
more after calving was more accurate. He found that a 7-day test conducted 
during the fifth month most nearly indicated the lactation record. 

Turner (10) found that the monthly decrea.se in production is very uniform 
in all breeds, the produ(*tion in the twelfth month being approximately 50 per 
cent of that of the best month. He concluded that the principal causes for 
variation are nutrition and temperature. 

EXPERIMENTAL PROCEDTTRE 

The milk and butterfat records made on the five major dairy breeds kept in 
the herd at the Illinois Station were used as a source of data for this study. 
Since 1932 all of the cows in the various breeds have been kept under as nearly 
the same environmental conditions as possible, thus minimizing one important 
variable. All records of less than 305 days were discarded. All records of 
more than 305 days that showed plain indications of abnormalities, such as abor- 
tion, also were discarded. (The records included only the first 305 days of the 
lactation period.) This was called the semi-official record, since the test was 
made by the semi-official method using a 1-day supervision period. The semi- 
official record for 305 days then was used as the standard against which the other 
methods developed in this study were measured. Six hundred and eighty-four 
records meeting these conditions were foxind and these form the basis of the 
material used in this study. 

Different methods studied. Since the semi-official test was used as the stand- 
ard and since it seemed desirable to make as direct comparisons as possible, it 
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Variation from semi-offlcidlf or actual, of four different methods of estimating production of fat corrected miOc 
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was decided to use diiferent months from these same records as a basis for com- 
putation of the new methods. 

The methods used in this study for estimating production of milk and butter- 
fat were as follows: Method I, wherin the tests are taken every other month (bi- 
monthly) ; method II, wherein the tests are taken on the second, sixth and tenth 
months; method III, wherein the tests are taken on the second and tenth months; 
and method IV, wherein the tests are taken on the fourth and eighth months. 
The formulas used for estimating yields for the various methods were as fol- 
lowsM Method J - Y« (GlmO i (blmg) + (Glmg) f (blnir) + (GIiub) ; method II 
- Y « (102m2) (102me) -f (101m, „) ; method III - Y = (ISSm*) + (152m, o) ; 
Method IV- Y = (J53m4) (152m8). 

TABLE 3 

Comparison of the accuracy of five different methods of testing 
(<}S4 records of fat-corrected milk^ all breeds) 



Semi- 

official 

Method 

I 

Method 

II 

Method 

111 

Method 

IV 

Av. of plus parameters {lb,) 
Av. of minus parameters {lb.) 

15,573 

8,215 

15,199 

7,707 

15,327 

7,797 

J 5,531 

7,891 

15,197 

7,569 

Ecc'ords above plus parameters 
(%) 

12.0 

12.3 

11.5 

12.4 

11.3 

Records below minus para- ' 
meters (%) 

9.5 

8.5 

9.4 

9.9 

7.4 

Variation of plus f»arameters 
from semi-official para- 
meters (%) 

0.0 

2.5 

1.8 

0.3 

2.5 

Variation of minus para- 
meters from semi-official 
parameters (%) 

0.0 

6.2 

5.1 

3.9 

7.8 


In no case was any test used that was taken earlier than the first full month 
of lactation. Except for the estimate on the standard or semi-official yield, none 
of these methods can be considered as being based on the centering method of 
testing. However, since estimates I, II, 111 and IV were derived from different 
testing periods of the semi-official records, which were centered, they do derive 
some of whatever benifits may accrue to the centering method, and to that extent 
are exempt from any criticism that may arise from the use of different systems. 

Various other groups of test periods within the standard records used were 
tried. The fact that none of these combinations was as acurate in estimating 
the standard yield as the four groups selected caused them to be discarded. 
These four methods were compared to the standard method for their accuracy 
in estimating milk, butterfat and PCM yields. Their standard deviations, co- 
efficients of correlation, coefficients of variation and coefficients of regression 
were determined as measures of comparison to the standard method. 

1 Y = yield for 305 days ; m indicates test for month in which test was made. 
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As has been noted previously (2, 4, 7), the bi-monthly method of testing has 
been found to be as accurate for all practical purposes as testing only once a 
month. This study shows that bi-monthly testing yielded results with a high 
degree of dependability when the 684 records included in the study were com- 
pared on the bi-monthly basis with the same records considered on the monthly 


TABLE 4 

Percentage of error groups for four different types of tests, showing variation from semi- 
official test in terms of fat-corrected millc 



Type of - 
test 


Cows varying from mean S.O. 


Breed 

1-5% 

1-10% 

1-15% 

1 *>A» More than 
1-20% 20% 


8.0. 

(%) 

20 

(%) 

34 

(%). 

39 

(%) 

66 

(%) 

34 

Ayrshire 

I 

20 

30 

45 

64 

36 


II 

20 

30 

45 

70 

30 


III 

11 

27 

45 

60 

40 


IV 

9 

34 

45 

63 

37 


8.0. 

11- 

31 

52 

63 

37 

Brown Swiss 

I 

13 

30 

46 

64 

36 


II 

17 

34 

43 

62 

38 


III 

13 

29 

47 

60 

40 


IV 

10 

20 

45 

60 

40 


S.O. 

17 

48 

66 

77 

23 

Guernsey 

I 

20 

42 

61 

76 

24 


11 

24 

39 

64 

75 

25 


III 

22 

40 

58 

70 

30 


IV 

25 

39 

56 • 

77 

23 

Jersey 

8,0. 

20 

41 

51 

73 

27 

I 

21 

41 

59 

77 

23 


II 

21 

,38 

54 

77 

23 


III 

20 

35 

51 

68 

32 


IV 

23 

43 

61 

74 

26 

Holstein-Friesian 

8.0. 

16 

35 

52 

68 

32 

I 

21 

33 

50 

68 

32 


II 

21 

34 

48 

67 

33 


III 

17 

31 

49 

65 

35 


IV 

19 

35 

52 

67 

33 

All breeds 

8.0. 

14 

28 

44 

56 

44 

1 

13 

27 

43 

54 

46 


IT 

13 

27 

41 

53 

47 


III 

13 

28 

41 

52 

48 

— — 

IV 

14 

27 

41 

54 

46 


Only 49 of these records, or 7.16 per cent, varied more than 10 per cent 
from the standard. Reference to table 2 shows that when testing by method II, 
the increase in variation above 10 per cent from the actual was only 0-68 per 
cent. In method III, the increase was 5.25 per cent. In method IV, the in- 
crease was only 7.31 per cent. In other words, bi-monthly testing was 92.84 per 
cent dependable; testing three times per lactation was 92.26 per cent depend- 
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able ; testing the first and last months was 87.59 per cent dependable ; and testing 
the fourth and eighth months was 85.52 per cent dependable. 

Table 3 shows the average parameters about the means for fat-corrected milk 
for all breeds and by individual breeds for the five different methods of testing. 
The variation for the different methods is slight enough to lack significance. 
The per cent of variates for all breeds found outside the parameters varies from 
11.3 to 12.4 for those above the plus parameters, being 12 per cent for monthly 
testing; and from 7.4 to 9.9 per cent for those below the minus parameters, being 
9.5 per cent for monthly testing. Comparing the four methods of testing direct- 
ly with semi-official testing, the average plus parameters range from 0.3 per cent 
to 2.5 per cent lower than those for semi-official testing and the average minus 
parameters range from 3.9 per cent to 7.8 per cent below. This shows a high 
degree of dependability for testing less frequently than once a month. 

Table 4 shows the per cent of records varying from the mean for the five 
different methods of testing. According to the results shown here, there is no 
significant difference between the five different methods of testing insofar as the 
number of individual records varying from the mean is concerned. In other 
words, testing once a month or as few times as twice during the lactation makes 
no difference in the number of records varying from the mean as measured at 
any particular point. The table shows a check at 1 to 5 per cent, at 1 to 10 per 
cent, 1 to 15 per cent and at 1 to 20 per cent. 

Measured in terms of the means for FCM, as shown in table 5, the average 
error for all breeds is - 3.7 per cent; for method II, the error is -2.8 per cent ; 
for method III, - 1.5 per cent ; and for method IV, - 4.3 per cent. 

CONCLUSIONS 

Testing every other month is slightly less accurate than testing once a month 
but is sufficiently accurate for practical application. 

Testing three times during the lactation (method III) was only slightly less 
accurate than testing once a month, there being only 0.58 per cent more variation 
from the standard than that found in bi-monthly testing. 

Testing only twice during the lactation gave sufficiently accurate results, 
compared to the standard monthly test, to recommend this type of testing under 
conditions where more frequent tests are difficult to obtain. 

Testing three times during the lactation, when the tests are taken on the 
second, sixth and tenth months, is a sufficiently accurate method to merit a con- 
sideration of its adoption as a means toward lowering the cost of testing. Any 
plan that will increase the number of cows with records will accelerate the im- 
provement of our dairy herds. 

t 
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THE BACTERIAL COUNT, TYRAMINE CONTENT AND QUALITY 
SCORE OF COMMERCIAL AMERICAN CHEDDAR AND 
STIRRED CURD CHEESE MADE WITH STREPTO- 
COCCUS FAECALIS STARTERS 

A. C. DAHLBEBG AND F. V. KOBIKOWSKY 
Department of Dairy Industry, Cornell University, Ithaca, N» Y. 

The present investigation was concerned with the use under practical plant 
conditions of a special strain of Streptococcus faecalis that showed promise as a 
starter for developing flavor in Cheddar and stirred curd cheese (1). 

EXPERIMENTAL PROCEDURE 

The experimental lots of cheese were made in 3 consecutive days in Septem- 
ber, 1947, in a large commercial cheese plant. Three vats of milk were made into 
cheese on the first day and 4 vats on the next 2 days. One control batch of 
cheese was made each day with 1.2 per cent of the starter ordinarily used by this 
cheese company and hereafter referred to as ** commercial starter,’’ with no 
change in the regular procedure used in the plant. As this starter had been 
developed by one of the large commercial cheese companies, on the second and 
third days a second control batch of cheese was made using the regular pro- 
cedure with 1.2 per cent of a good active Hansen lactic starter. The third batch 
of cheese was made by the regular procedure and the milk was inoculated with 
0.8 per cent of Hansen lactic and 1.0 per cent of S. faecalis starters. The fourth 
batch of cheese also was made with 0.8 per cent of Hansen lactic and 1.0 per 
cent of S. faecalis starters, but the stirred curd process was used. All starters 
were allowed to grow for 1 hour in the pasteurized milk at 86® P. before adding 
rennet. 

The milk was produced in one of the mid- western states on partially dried- 
out pastures and with some supplementary roughage feeding. Each vat con- 
tained 10,000 lb. of milk pasteurized at 162® P. for 70 seconds. The character 
of the milk. was not constant from vat to vat. The fat test varied from 3.5 to 
4.0 per cent and the acidity at the time of adding rennet, which was 1 hour after 
adding the starter, varied from 0.171 to 0.182, expressed as percentage of lactic 
acid. 

The first three batches of cheese were made according to the usual procedure 
on a definite time schedule of 4 hours and 45 minutes from the addition of 
rennet to the salting of the curd. The acidity of the whey at the time of salting 
the curd varied from 0.50 to 0.65 per cent. The fourth batch of cheese was made 
by the stirred curd process which was identical to the Cheddar process until 

Beeeived for publication February 10, 1949. 

1 This investigation was aided by a grant from the National Cheese Institute. The authors 
are indebted to Mrs. Catherine Werwoert Work for making some of the chemical analyses and 
to Mr. W. B. Ayres and Mr. J. C. Marquardt, who, with the authors, judged the cheese. 
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after the whey was drained. The curd was hand and mechanically stirred for 
20 minutes. The acidity then was 0.25 or 0.26 per cent and the curd was salted. 
The total time from the addition of rennet to the salting of the curd was 2 hours 
and 45 minutes. 

During the week of manufacture the cheese was shipped to a cheese storage 
where it was held at 55 to 60° P. until shipped by refrigerated freight to Ithaca, 
New York. It arrived within 1 month and then was cured at 50 and at 60° F. 

Analyses were made for the usual chemical composition and for tyramine, 
soluble protein, volatile acids and pH when the cheese was received and after 
curing for 4 months. The total bacterial count was determined by the standard 
plate method using tryptone glucose beef extract milk agar and incubating 48 
hours at 32° C. The cheese also was plated on sodium azide-penicillin agar and 
the approximate percentage of enterococci was determined by fishing 10 colonies 
for identification. This agar contained tryptone, yeast extracit, glucose and 0.01 
per cent sodium azide to which 100 Oxford units of penicillin per liter were 
added at the time of pouring the plates. The incubation time was 48 hours at 
32° C. The methods have been described previously. The (jheese was scored 
after curing for 2, 4 and 6 months at 50° P., but the scoring was omitted for 6 
months at 60° P. as the cheese was overeured and lower in flavor quality. The 
intensity of the Cheddar flavor was given as mild ±, medium dt and sharp 
To save space, only the average scores are presented and the intensities were 
averaged by giving numbers for intensities ranging from 1 to 9. 

RESULTS 

Sufficient of the manufacturing details were presented under experimental 
procedure to make it unnecessary to give additional data. The composition of 
the samples of fresh cheese (table 1) was very uniform, except that the salt con- 
tent varied more than desired. The moisture contents were sufficiently low to 
permit good curing for long periods. None of the data on acidity, volatile fatty 
acids and soluble nitrogen will be presented as they do not assist in evaluating 
the results. 

The standard plate counts of the pasteurized milk in the vats before adding 
starter varied from 3,000 to 22,000 per ml., and the enterococci-lactobacilli count 
on azide-penicillin agar varied from 0 to 200 per ml. The bacterial count with 
azide-penicillin agar on the Hansen starter was known to be 0, whereas the 
S, faecalis starter was 100 per cent enterococci. The commercial starter showed 
a standard plate count of 760 million per ml. and no growth on azide-penicillin 
agar. 

The first analyses of the cheese for bacteria and tyramine were made 1 month 
after manufacture (table 2). The Hansen starter cheese showed average total 
bacterial counts of 34,200,000 per g., yet even in this young cheese the count 
on azide-penicillin agar was 8,300,000. The cheese showed no enterococci and 
no tyramine, so one might expect very slow curing cheese (2). However, when 
this cheese was 4 months old at 50° F. the total counts had increased, and the 
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TABLE 1 

The eompoMiioti of the erpertmenidl Cheddar and stirred eurd cheese 


Cheese* 

Moisture 

Pat 

Salt 

Protein 

pH 

No. Identity 


(%) 

(%) 

(%) 

(%) 


919*-4 Commercial starter 

36.9 

33.2 

1.63 

23.93 

6.19 

919-5 LDK startersb 

36.6 

32.6 

3.18 

23.14 

5.14 

919-6 LDK stirred 

36.0 

34.2 

1.79 

24.19 

5.32 

920-7 Hansen starter 

35.6 

33.6 

1.69 

23.84 

5.28 

920-S Commercial starter 

35.8 

34.2 

2.12 

25.06 

5.29 

920-6 LDK starters 

36.7 

33.2 

1.50 

23.86 

5.08 

920-5 LpK stirred 

35.9 

35.8 

2.14 

23.13 

5.23 

921-7 Hansen starter 

35.6 

33.6 

1.53 

23.96 

5.24 

921-8 Commercial starter 

36.6 

32.8 

2.09 

24.64 

5.39 

921-6 LDK starters 

37.4 

32.8 

3.41 

24.53 

5.09 

921-5 LDK stirred 

35.9 

.32.8 

1.88 

23.87 

5.18 


■ The data for the eheesc made with Hansen starter are averages of 2 lots of choese; all 
other data are averages of 3 lots of cheese. 

bL starter was Hansen’s lactic starter. DK starter was Streptococcus faeoalis. 


azide-penicillin count was 44,800,000 per g., of which 2,200,000 were enterococci. 
The tyramine content had increased to 102 y per g. This cheese cured at 60® Y. 
for 4 months gave much lower bacterial counts, but the enterococci count of 
3,200,000 was higher. The tyramine content averaged 218 y per g. so that after 
curing for 4 months a medium flavor intensity would be expected. 

TABLE 2 

The average haeieridl counts and the tyramine content of Cheddar and stirred curd cheese 

made on 3 consecutive days 


Bacterial counts (millions omitted) 

plate wiwl j Eoieroceoti 

count 


Hansen starter* 

34.2 

Cheese 1 mo. 
8.3 

old 

0 

iy/o-) 

0 

Commercial starter 

55.9 

lfj.5 

1.1 

49 

LDK starters . . 

1,373.0 

635.0 

590.6 

65 

LDK stirred . .. . 

785.0 

3h3.ii 

383.3 

99 

Hansen starter 

Cheese 4 
53.0 

mo. old — last 3 
44.8 

mo. at 46-50® F. 
2.2 

102 

Commercial starter 

63.7 

48.7 

13.1 

290 

LDK starters .. 

547.7 

47.5.3 

394.5 

354 

LDK stirred . 

431.7 

183.7 

341.4 

345 

Hansen starter 

Cheese 4 mo. old — lust 3 mo. at 58-60° F. 
19.9 6.4 3.2 

218 

Commercial starter 

19.7 

1.4 

0.3 

440 

LDK starters 

412.7 

378.3 

367.3 

536 

LDK stirred 

317.7 

203.3 

183.0 

593 


• The data for the cheese made with Hansen starter are averages of 2 lots of cheese : all 
other data are averages of 3 lots of cheese. 
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The cheese made with commercial starter gave bacterial counts similar to that 
made with Hansen starter, except that enterococci always were found in the 
early stages of ripening and 49 y of tyramine per g. were present in the cheese 
when 1 month old. After curing fer 4 months, the cheese held at 50° F. con- 
tained 290 y tyramine per g. and at 60° P. the amount had increased to 440 y. 
This quantity of tyramine was unexpectedly high for cheese made from pasteur- 
ized milk of low bacterial count. 

As found previously in cheese made in the laboratory (3), the addition of 
both Hansen lactic and S. faecalis starters produced cheese with very high bac- 
terial counts which survived well during curing. After 1 month the total bac- 
terial content of the cheese was about half 8. faecalis and this percentage was 

TABLE 3 

The flavor and body scores of Cheddar and stirred curd cheese made on S consecutive days 


Flavor score and rating 


Body score 


ClioeBe identity** 

50** F. 

Score 

Intensity rating* 

50“ F. 

60“ F. 

60** F. 

50“ F. 

60“ F. 




Cheese 2 

mo. old 



Hansen starter 

40.0 

40.3 

2.2 mi + 

3,4 mi 4 

29.1 

29.3 

Commercial starter . 

39.6 

40.0 

2.1 mi + 

3.3 mi 4 

28.7 

28.9 

LDK starters 

40.5 

40.7 

3.2 mi + 

3.8 mi 4 

29.2 

29.2 

LDK stirred 

. 40.4 

' 40.6 

2.8 mi -i 

3.5 mi 4 

28.4 

28.2 




Cheese 4 

mo. old 



Hansen starter 

40.1 

40.2 

3.4 mi 1 

6.7 mod 4 

29.0 

29.0 

(Commercial starter 

40.0 

39.9 

3.7 mi >4 

6.9 med + 

29.0 

28.9 

IJ^K starters 

41.2 

40.9 

4.7 iiied - 

7.5 sh ~ 

29.0 

28.9 

LDK stirred 

40.4 

40.4 

3.5 mi 4 

6.9 med 4 

28.2 

28.3 




Checse 6 

mo. old 



Hansen starter 

40,0 


5.2 med \ 


28.6 


(Commercial starter 

39.0 


5.7 med 4 


29.0 


LDK starters 

40.4 


6.2 med + 


28.9 


liDK stirred 

40,7 


5.9 med + 


28.4 



■The numbers for flavor intensity arc averages based upon numbers given for flavor 
iuteiisity terms as 1 mild 2 mild, 3 mild +, etc., up to 9 sharp +. 

b The data for the cheese made with Hansen starter arc averages of 2 lots of chcest‘; all 
other data are averages of 3 lots of cheese. 

much higher after 4 months. Tyramine production in this cheese was rather 
rapid, but only slightly more rapid than in cheese made with the commercial 
starter. 

All of the cheese developed flavor rapidly for a product made from pasteur- 
ized milk and differences in Cheddar flavor intensities were slight (table 3). 
However, the regular Cheddar cheese made with both Hansen lactic starter 
and S. faecalis starter (LDK starters) tended to be slightly higher in flavor than 
the other samples. Both the Cheddar and stirred curd cheese made with lactic 
and S. faecalis starters tended to be highest in flavor scores but the differences 
were very slight. This slightly higher score for the 8, faecalis cheese was illus- 
trated by the detailed data not given in table 3. The four judges scored 11 
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samples of cheese below 40 and none of these samples contained the 8, faecalis 
starter. It is interesting to note that the commercial starter produced rapidly- 
curing cheese of good flavor, but this cheese tended to develop less desirable 
flavor as aging progressed. This is indicated in the 39 score for the cheese cured 
6 months at S0° F. The scores were not taken for all of the cheese ripened at 
60° F. for 6 months, and no data are given for this cheese in the table as the 
cheese was overcured, but the cheese with commercial starter scored 3 points 
below the 8^ faecalis cheese. 

The body of the cheese was scored uniformly, irrespective of the type of 
starter, but the stirred curd cheese received a lower score due to the open texture. 

On several occasions in the laboratory, cheese was made by the stirred curd 
method from pasteurized milk inoculated with both lactic and 8, faecalis starters. 
In all trials, the stirred curd cheese developed normal acidity even though the 
acid in the whey from the curd was low at the time of salting. 8, faecalis grew 
in the salt concentration present in Cheddar and stirred curd cheese and de- 
veloped acid while the cheese was in the press. In the present plant trials with 
stirred curd cheese, no time was given for acid development in the curd after 
drawing the whey. The salt was added to the curd when the whey tested 0.25 
per cent acid. The pll of the cheese was normal wdieii taken from the press 
and the cheese developed normal Cheddar flavor. 

DISCUSSION 

The commercial Cheddar cheese made by the usual factory workers from 
pasteurized milk with both lactic and 8 , faecalis starters developed Cheddar 
flavor of intensity and quality as expected. It was fast-curing cheese of excellent 
quality. The unexpected part of this study was that the cheese made without 
8, faecalis starter developed both flavor and tyramine almost as rapidly as the 
cheese to which S. faecalis had been added. 

It is evident that the pasteurized milk contained small numbers of tyramine- 
produeing bacteria which grew rapidly in the cheese. All samples of cheese 
gave counts in the millions per gram on azide-penicillin agar when only 1 month 
old, but some cheese showed no enterococci among the 10 colonies selected per 
plate. It is assumed that these other bacteria were lactobacilli that grew in the 
azide-penicillin agar. The cheese made with Hansen starter developed tyramine 
only as a result of natural inoculation in the milk and the quantities produced 
were substantial. The bacteria involved may have been solely enterococci, but, if 
such is the case, relatively small numbers of a few million per gram were ample to 
produce the tyramine. 

The cheese made with commercial starter gave the same approximate bacterial 
counts as with Hansen starter, but the tyramine content of the cheese was ap- 
preciably higher and almost identical to the tyramine content of 8. faecalis 
cheese. This problem has not been studied intensively, even though the evi- 
dence appears to indicate the presence of tyramine-producing bacteria in the 
commercial starter. The noteworthy fact is that the cheese to which 8. faeealu 
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Starter was added contained great numbers of this organism but only slightly 
increased amounts of tyramine. Hence, it must be concluded that only a 
few million of 8, faecalis bacteria per gram of cheese are needed to convert the 
available tyrosine into tyramine or else other bacteria are able to produce this 
chemical reaction. That other bacteria may be involved is indicated by the 
higher tyramine content of cheese made with commercial starter as compared 
with Hansen starter. Limited trials to isolate from the cheese other bacteria 
that produced tyramine were unsuccessful, but a direct inoculation in the tyro- 
sine broth with the cheese made w’ithout 8, faecalis starter showed it to produce 
tyramine rapidly. This may have been due to bacteria other than the enterococci. 

It should be evident, therefore, that the addition of 8, faecalis starter to pas- 
teurized milk will not iiK^rease substantially tyramine and flavor production if 
the natural bacterial population in the milk is ample to produce rapidly curing 
cheese of excellent flavor. If the cheese tends to cure slowdy to relatively flat 
flavors then 8. faecalis starter should increase the rate of curing and the quality 
of the flavor. It seems reasonable to assume that the use of 8. faecalis starter 
should give rather uniformly rai)id curing wdth excellent flavors under the widest 
variety of conditions, but the improvement should be most pronounced in milk of 
best qualitj' where the infection with tyramine-producing bacteria is the least. 
The results ch‘arly substantiate the observation that tyramine and flavor pro- 
iluction increase together in cheese. 

The usual commercial lactic starter may or may not develop suflScient acid 
in the presence of salt. The ability of 8, faecalis to develop acid rapidly after 
salting the curd is very important in several regards. It permits the addition 
of salt to cheese curd containing insufficient acid wdth assurance that the correct 
acidity will develop in the cheese during pressing. This should be an aid in 
manufacturing Cheddar cheese of more uniform acid content and consequently 
more uniformly good quality, as slow acid development sometimes has been a 
cause of poor quality cheese. It also sliould be a boon to the manufacture of 
stirred curd. Matting of cheese curd was introduced to permit lactic acid bac- 
teria to produce sufficient acid to control curing properly and to reduce the 
tendeiK'y toward undesirable fermentations, such as gas production. The use of 
better quality milk properly pasteurized will eliminate undesirable fermenta- 
tions in the vat and 8. faecalis starter will assure proper acidity, even after salt- 
ing. Hence, the time of stirring the (*urd w^as reduced to that needed to control 
moisture, and the making process w’as reduced by 2 hours and the cured cheese 
was good typical Cheddar. 

CONCLUSIONS 

The control cheese made from pasteurized cheese milk with commercial lactic 
starter contained 290 y tyramine per g. and gave counts of 13 million enterococci 
per gram after curing for 4 months at 50° F. The flavor scored 40 and was 
rated as mild + in intensity. This control cheese cured well. 

The addition of Streptococcus faecalis starter to the pasteurized milk pro- 
duced cheese which, after curing for 4 months at 50° F., contained 354 y tyra- 
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mine per g. and gave counts of 394 million enterococci per gram. The flavor 
score was 41.2 and the intensity of flavor was medium-. Similar trends in the 
data were obtained for cheese ripened at 60° F. Apparently cheese made from 
pasteurized milk which naturally contained bacteria that ripened the cheese 
especially well, was improved slightly or not at all by the use of 8» faecalis 
starter in the milk. 

Cheese of good Cheddar flavor was made by the stirred curd process with 
S. faecalis starter, as much of the desired lactic acid was produced in the cheese 
after the salting of the curd. The stirred curd method saved 2 hours in the 
manufacturing process. 

REPEBENCES 

<1) Dahlbero, a. C., and Eosikowsky, F. V. The Development of Flavor in American Ched- 
dar Cheese Made from Pasteurized Milk with Streptococcus faecalis Starter. J. Dairy 
Sci., 31: 275-284. 1948. 

(2) Dahlbebo, a. C., and Eosikowsky, F. V. The Belntionship of the Amount of Tyramine 

and the Numbere of Streptococcus faecalis to the Intensity of Flavor in American 
Cheddar Cheese. J. Dairy 6ci., 31: 305-314. 1948. 

(3) Eosikowsky, F. V., and Daulbero, A. C. The Growth and Survival of Streptococcus 

faecalis in Pasteurized Milk American Cheddar Cheese. J. Dairy Sci., 31: 285-292. 
1948. 



THE EFFECT OF THE INTERVAL BETWEEN WASHING OF THE 
UDDER AND ATTACHMENT OF MILKING MACHINES UPON 
THE MILK PRODUCTION OF DAIRY COWS' 

C. B. KNODT, J. J. REID, P. 8. WIIiLIAMS and B. M. KE8LEB 
Departments of Dairy Husbandry and Bacteriology, 

Penfisylvania Agricultural Experiment Station, State College 

During recent years considerable emphasis has been placed upon the impor- 
tance of rapid milking of dairy cows. This method of milking not only saves 
time but also is believed to increase milk production and to decrease the inci- 
dence of mastitis. It has been observed that many dairymen do not attach 
milking machines during the recommended period of time after washing a cow’s 
udder. A number of reports (1, 2, 3, 4, 5, 7, 9, 11) has indicated that any delay 
in removing the milk from a cow following washing of the udder witli warm 
water results in a decrease in milk production. 

Data on a series of six trials are presented in this report. These trials were 
condutited under carefully controlled conditions in an effort to determine the 
effects of regularly delayed milking, following washing of a cow’s udder, upon 
milk production. 


EXPERIMENTAL PROCEDURE 

All COWS used in these' trials were grade Holsteins from the Pennsylvania 
State College research herds. All cows were milked twice daily. Their udders 
were washed carefully with water at 125 to 130° P. for approximately 20 sec- 
onds. Two or three streams of fore-milk were removed from each teat into a 
strip cup immediately after washing the udders. Individual interval timers 
were used for each cow. Machine stripping was followed throughout. All cows 
were fed and managed similarly and all cows in each trial were housed in the 
same stable. They were located at random throughout the barn so as to avoid 
any positional effects. Thus the only known variation was the elapsed time be- 
tween washing the udders and attachment of milking machines. 

In the first trial 30 cows with an average daily milk production of 52 lb. 
were divided into five groups as nearly alike as possible on the basis of daily 
milk and milk fat production, stage of gestation and stage of lactation. Milk- 
ing machines were attached 2, 4, 6, 8 and 10 minutes after the washing was 
started. This trial was conducted for 35 days at each of the two milkings per 
day. 

It was necessary, because of the need for cows for other experiments on pas- 
ture management, to discontinue 15 of the cows on the first trial after 35 days. 
Accordingly, 15 cows remaining in the 2-, 6- and 10-minute groups of the first 
trial were continued for an additional 35 days. The data covering the 70 days 

Beceived for publication March 4, 1949. 

1 Authoriaed for publication aa paper no. 1508 in the Journal series of the Pennsylvania 
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with the latter group of 15 cows is referred to as the second trial. The cows 
used in the second trial were carried for 70 days with elapsed times of 2, 6 and 
10 minutes between washing and attachment of machines at each milking. 

In the third trial, 16 cows with an average daily production of 40 lb. per 
day were divided into four similar groups. In this trial the time intervals 
were 2, 5, 10 and 20 minutes and the trial was conducted for 90 days. 

In the fourth trial, 12 cows with an average daily milk production of 45 lb. 
were divided into, four similar groups. In this trial, the cows all were fed on 
the basis of 110 per cent of the Morrison (8) standards for good cows under 
usual conditions. The hay and silage fed were identical in amount for all cows 
on the trial. The daily grain ration was changed every 2 weeks on the basis of 
milk and milk fat production for 5 days previous and also on the basis of body 
weight at the beginning of each 2-week period. This trial was conducted for a 
period of 84 days. 

TABLE 1 

The effect of delayed milking! following washing of cows* vdders upon milk production 

(first 1rial)«^ 


Milk production with time intervals of; 


Days 

2 mill. 

4 mill. 

6 min. 

8 min. 

10 mill. 


(Ih.) 

(Ih.) 

(Ih.) 

(Ih.) 

(Ih.) 

- 5 thru - 1 

50.4 

56.3 

50.8 

51.6 

62.7 

1 thru 5 

4.9.8 

55.2 

50.5 

49.4 

51.0 

31 thru 35 

49.2 

52.4 

49.3 

46.9 

50.8 

Decrease 

1.2 

3.9 

1.5 

4.7 

1.9 


■ Six cows were used per group. Data are expressed in terms of mean daily milk pro- 
duction. 


In the fifth and sixth trials, experiments were designed to compare the pro- 
duction of halves of udders, in which whole udders were delayed 12 minutes 
but each half was milked simtiltaneously in a quarter-section milker,® to pro- 
duction of halves of udders of cows milked 2 and 12 minutes, respectively, fol- 
lowing the beginning of washing. These two trials were designed to explain 
the discrepancies between previous results published by Knodt et al, (6) and 
those of Ward and Smith (11). 

Analyses of variance were conducted according to the methods of Snedeeor 
(10) wherever applicable. 

RESULTS 

A summary of the data obtained in the first trial will be found in table 1. 
Where recommended procedure was followed, as in the 2-minute group, there 
was a mean daily decline of 1.2 lb. of milk during the 35-day period. In those 
groups in which there was a delay of 4, 6, 8 or 10 minutes prior to the attach- 
ment of machines following the beginning of washing, the respective mean de- 
clines were 3.9, 1.5, 4.7 and 1.9 lb. of milk per cow per day. There were no 

*The authors wish to express their appreciation to the De Laval Separator Co., New 
York, N. Y., for the equipment used in these trials. 
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observable immediate declines or variations in milk production at the beginning 
of or during this trial. An analysis of variance proved there was no statistically 
signidcant effect of treatment in this trial as far as milk production was con- 
cerned. 

Fifteen cows from the first trial were continued for an additional 35 days. 
During the first trial, those cows were in the 2-, 6- and 10-minute groups and 
were continued for an additional 35 days, making a total of 70 days in what is 
referred to as the second trial (table 2). These three groups were comparable 


TABLE 2 

The effect of delayed milking following washing of cows* udders upon milk production 

(second trial) 


Milk production with time intervals of: 




2 mill. 

6 min. 

10 min. 



Ob.) 

(Ih.) 

Ob.) 

-5 thru -1 


54.7 

52.2 

55.5 

1 thru 6 


54.3 

50.8 

54.0 

66 thru 70 


41.8 

41.4 

45.6 

Decrease 


12.9 

10.8 

9.9 

“Five cows 

were used per 

treatment. 

Data are expressed in terms of 

mean daily milk 


in milk production, stage' of lactation and stage of gestation. During the 
course of this trial there was a decline of 12.9, 10.8 and 9.9 lb. of milk per cow 
per day for the 2-, 6- and 10-miiiute groups, respectively. An analysis of vari- 
ance proved that the differences in milk production showui in table 2 were not 
significant. 

TABLE 3 


The effect of delayed milking following washing of cows* udders upon milk production 

(third trial)^ 


Days 


Milk production with time intervals of: 


2 min. 

5 min. 

10 min. 

20 min. 

-5 thru -7 

(«&.) 

Ob.) 

Ob.) 

(lb.) 

0 

40.2 

37.0 

41.1 

40.8 

1 thru 10 

40.4 

37.7 

41.4 

39.1 

81 thru 90 

36.8 

29.4 

31.7 

29.2 

Decrease 

3.4 

7.6 

9.4 

11.6 


» Four cows were used per treatment. Bata are expressed in terms of mean daily milk 
production. 


The data for the third trial are presented in table 3. The time intervals be- 
tween the beginning of the washing of the cows’ udders and the attachment of 
the machines were 2, 5, 10 and 20 minutes, respectively. During the 90-day 
period during which this trial was conducted, declines of 3.4, 7.6, 9.4 and 11.6 
lb. per cow per day were found for the 2-, 5-, 10- and 20-minute groups, respec- 
tively. While the differences were quite large between the mean declines in 
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daily milk production of the various groups, actually these differences were not 
statistically significant. There was considerable variation in the response of 
various cows. One cow in the 6-minute group declined 17.7 lb. per day and 
two cows in the 10-minute group declined 20.8 and 16.3 lb. per day, respectively, 
but two others decreased only 1.4 and 1.1 lb. per day, each, during the 90 days 
of this trial. Apparently these decreases were not the result of the delay in 
milking but, rather, were due to a lack of persistency of the cows involved. 

As a result of the variable responses observed in the third trial as compared 
to the other two, a fourth trial was conducted. These data are presented in 
table 4. In this experiment, as in trial 3, two cows that were lacking in per- 

TABLE 4 

The effect of delayed mWeing following washing of cows* udders upon milJe production 

(fourth trial)*' 


Milk production with time intervals of: 



2 mill. 

5 min. 

10 min. 

20 min. 


(2b.) 

(2b.) 

(2b.) 

(2b.) 

-7 thru -1 

44.4 

44.3 

45.4 

45.1 

1 thru 7 

42.9 

43,4 

39,5 

42.9 

78 thru 84 

22.8 

37.9 

42.3 

42.8 

Decrease 

21.6 

6.4 

3.1 

2.3 

• Three cows were used per treatment. 

Data are expressed 

in terms of mean daily milk 


production. 

sistency unavoidably were placed in the 2-minute group. One of these declined 
22.5 and the other 38.0 lb. per day during the course of this trial. Production 
of the other cow in the 2-minute group declined only 0.5 lb. per day during 
the 84-day experimental period. In those groups in which milking was de- 
layed 5, 10 and 20 minutes there were mean daily decreases of 6.4, 3.1 and 2.3 lb. 
of milk respectively. The decreases in production of the latter three groups are 
considered equal to or less than the normal decline in production to be expected 
in such a period of time. 

All cows in trials 5 and 6 were milked for 5 days with a delay of 2 minutes 
^ between the beginning of washing of the udders and attachment of the ma- 
chines. The production of each half was determined on each of the twice- 
daily milkings. It wull be observed in table 5 that in those cows in which one- 
half of the udder was delayed 2 minutes and the other half 12 minutes that the 
mean daily milk production per half declined 0.1 and 3.3 lb., respectively. 
However, when milking was delayed 12 minutes on both halves, the mean daily 
declines were only 0.6 and 0.3 lb., respectively. 

While a reversal trial is open to question because of the apparent carry- 
over effects of previous treatment, the same groups of cows immediately were 
milked for a period of 5 days involving a 2-minute delay as presented in trial 6. 
The left halves of the udders of the cows of group A did not recover in wiBlr 
production during the 5-day control period at the beginning of trial 6 (table 6). 
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TABLE 5 

The effect of delayed milking following washing of cows* udders upon milk production 

(fifth trial) 


Group 


A 


B 


Half of udder 

R. H. 

L. H. 

R. H. 

L. H, 

Delay (min.) 

2 

2 

2 

2 

Days 

{lb.) 

Ob.) 

Ob.) 

Ob.) 

1 

27.0 

27.6 

26.1 

28.5 

2 

27.2 

27.9 

26.4 

28.4 

3 

27.7 

27.7 

26.5 

28.8 

4 

28.3 

28.4 

27.1 

28.1 

5 

27.9 

29.3 

27.1 

28.0 

Av. 

27.6 

28.0 

26.6 

28.3 

Delay (min.) 

2 

12 

12 

12 

1 

27.5 

23.2 

26.7 

28.0 

2 

27.8 

20.6 

26.0 

29.2 

3 

27.9 

19.7 

25.9 

28.5 

4 

27.1 

20.0 

25.9 

27.5 

5 

27.4 

20.0 

25.8 

27.0 

Av. 

27.5 

24.7 

26.0 

28.0 

Decrease 

0.1 

3.3 

0.6 

0.3 


“ Each datum represents mean total daily milk production per half -udder for four cows. 


TABLE 6 

The effect of delayed milking following washing of cows* udders upon milk production 

(sixth trial)^ 


(Jioup 


A 


B 


Half of udder 

R, H. 

L. H. 

R. n. 

L. H. 

Delay (mm.) 

o 


o 

o 

Days 

Ob.) 

Ob.) 

Ob.) 

Ob.) 

1 

28.2 

26.2 

25.8 

27.2 

o 

28.9 

26.0 

26.4 

28.0 

3 

28.7 

26.1 

26.5 

28.4 

4 

28.6 

26.4 

26.7 

27.9 

5 

28.1 

26.8 

27.1 

28.0 

Av. 

28.5 

26.3 

26.5 

27.9 

Delay (min.) 

12 

12 

o 

12 

1 

27.3 

26.8 

25.8 

26.8 

2 

26.4 

25.9 

26.4 

26.8 

3 

27.0 

25.4 

26.5 

25.5 

4 

26.9 

25.9 

26.7 

25.4 

5 

28.9 

27.5 

27.1 

25.9 

Av. 

27.3 

26.3 

25.3 

26.0 

Decrease 

1.2 

0.0 

1.2 

1.9 


• Each datum represents mean total daily milk production per half -udder for four cows. 
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Following this period, the groups were reversed and these data are presented in 
table 6. The greatest decline in mean daily milk production also occurred in 
those halves delayed in milking for 12 minutes of cows in which the other 
half was delayed 2 minutes in milking following preparation. In trial 6 in 
those cows where both groups of halves of the udders were delayed 12 minutes 
prior to milking, the change in mean daily milk production was 0.0 lb. and only 
equal to that of those half -udders delayed for 2 minutes on the other group of 
cows in this trial, respectively. Analysis of variance of these data indicates 
that the declines in production were not significant where entire udders were 
delayed for 12 minutes. However, the declines in mean daily milk production 
were highly significant when delays of 12 minutes vrere incurred and compared 
to the other halves of the udders that had been milked after a 2-minute delay. 
This raises a question relative to attempting to draw conclusions from half- 
udders or from quarters in experiments of this type. 

In only exceptional cases did the cows fail to let down their milk to the 
stimulation of preparation. The incidence of this was not related to treatment. 

DISCUSSION 

The series of six trials reported was conducted in an effort to obtain addi- 
tional data emphasizing the importance of rapid milking following the washing 
of cows’ udders. These data indicate that an interval of up to 20 minutes be- 
tween the beginning of washing of a cow’s udder and attachment of milking 
machines does not affect milk production. Apparently the cows were able to 
condition themselves immediately to a change in procedure from a 1- to 2-minute 
routine prior to these trials. 

These data are in disagreement with the results obtained by Miller and 
Petersen (7) and Ward and Smith (11). The mean levels of production of 
the cows studied by the above authors were considerably below those reported in 
this publication, indicating that they may have been nearer to the end of the 
lactation period. In addition, the work of Ward and Smith (11) may have 
been confounded by the effects of milking one half of the udder upon production 
of the delayed half as indicated by the data presented in this report. Further, 
their study was conducted upon only five cows as compared to 66 used in the 
trials in these experiments. The variations between cows are extremely large 
and also may have been a factor. 

The data presented show no marked declines in milk production during the 
first week to 10 days in any of the groups of cows used in the first four trials. 
Conclusions from these data, however, should not affect in any way the routine 
followed in good milking procedures. A method should be followed in which the 
cows’ udders are washed 1 to 2 minutes prior to the attachment of machines 
because of efficiency of labor and production of clean milk. Occasional cows 
may lie down in their stalls if delays of longer than 2 minutes are incurred 
following washing. Their udders then will have to be washed again to pro- 
duce clean milk. 
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SUMMARY 

Regular delays up to 20 minutes from the beginning of washing cows’ udders 
until the attachment of milking machines apparently did not decrease milk pro- 
duction under the conditions of these trials. Routine fast milking procedures, 
however, should emphasize the importance of attaching machines 1 to 2 minutes 
after washing because of labor efficiency and production of clean milk. Data 
are presented which emphasize the importance of using entire udders in draw- 
ing conclusions in work of this type. 
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THE EFFECT OF THE ASCORBIC ACID CONTENT OF FLUID MILK 
UPON THE KEEPING QUALITY OP ITS DRIED PRODUCT 

PHIUP A. WBIQHT and GEOBOE B. OBEENBANE 
Bureau of Dairy Industry, Agricultural Boseareh Administration, 

V. S. Department of Agriculture 

Milk freshly drawn from the udder contains an average of 22 to 23 mg. per 
1. of ascorbic acid, present entirely in the reduced form, according to Knight 
et dl, (4) and Kon and Watson (5, 6). As soon as milk is drawn, however, it 
is exposed in a greater or less degree to the oxygen of the air, to light and per- 
haps to contaminating metals. These all serve, according to Kon and Watson 
(6) and Whitnah et ah (7), to reduce the amount of ascorbic acid until, after 
a 24-hour period, only a small fraction of the original amount may be left. 

Since ascorbic acid is oxidized rather easily, it is possible that it plays an 
important role as a retarder of oxidative deterioration. While considerable 
work has been reported on the effect of ascorbic acid added to fluid milk, re- 
ports of the effect of ascorbic acid added to fluid milk on the keeping quality of 
its dried product are conflicting (1, 2) ; therefore, it was decided to add ascorbic 
acid in dilute water solution to fluid milk and determine the effect of the addition 
on the keeping quality of the dried product. 

EXPERIMENTAL PROCEDURE 

All fluid milks used were mixed samples from the same herd and, while con- 
sidered to be of average to good quality, were not selected milks. Four groups 
of dried whole milk were prepared from^ different herd milks. In preparing 
each group a large quantity of herd milk was standardized at 3.3 per cent fat 
and divided into four equal lots. One lot was used as a control and was con- 
centrated and spray-dried without the addition of ascorbic acid. Increasing 
amounts of ascorbic acid in dilute aqueous solution were added to the remain- 
ing lots. To the second, third and fourth lots, 5, 10 and 20 mg. per 1., respec- 
tively, were added. These additions were equivalent to increases of approxi- 
mately 25, 50 and 100 per cent, respectively, based on a normal estimated ascor- 
bic acid concentration of 20 mg. per 1. in fresh raw milk several hours old. 
All four lots were preheated to 170° F. for 30 minutes, concentrated in a vacuum 
pan and spray-dried. The dry milk was collected in 10-gallon milk cans which 
were closed tightly and held overnight at 34° F. The following morning the 
cans and contents were allowed to come to room temperature and the milk was 
weighed into small tin cans holding approximately 70 g. each. The cans were 
punctured and evacuated under 2 mm. pressure for 1 hour, the vacuum released 
with nitrogen and the holes soldered. The cans of dry milk were placed in 
storage at 98.6° F. Sample cans were removed at 2-week intervals and the 
milk reconstituted and judged for flavor. Moisture in the dry milks of group 
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1 ranged from 2.5 to 3 per cent, of groups 2 and 4, from 1.6 to 1.8 per cent 
and of group 3, 1.3 per cent. Fat content was approximately 26.7 percent in 
all samples. 

RESULTS 

Table 1 shows the apparent ascorbic acid content (all those substances which 
reduce 2-6, dichlorophenolindophenol) of the fluid milk in the control sample 

TABLE 1 

The apparent ascorbic acid content of the control samples of raw milk and their dried 
products as soon as prepared 


Group no. 


Raw milk 

Reconstituted 
dried milk 



(mg./l.) 

(mg./l) 

1 


15.6 

15.1 

2 


1.5.6 

10.4 

3 


15.0 

4.6 

4 


14.8 

4.2 


of each group and the concentration in the freshly prepared dried whole milk 
when reconstituted. While there is no appreciable variation in the concentra- 
tion of apparent ascorbic acid in the fluid milk of each group, there is a marked 
difference in the concentration of apparent ascorbic acid in the reconstituted 
dried milk. Milks seem to vary in the degree of retention of apparent ascorbic 
acid content during processing. 

A comparison of the data in tables 1 and 2 shows that those samples which 
retained the greatest amount of apparent ascorbic acid during processing have 
the best keeping quality. To what extent this destructive action accompanying 
heating can be used as a criterion of the keeping quality of the dried product 
is being detenu iiied. 


TABLE 2 

The effect of increasing the ascorbic acni conicnl of fluid milk before heat treahneuf on the 
keeping quality of its dried product 


Ascorbic acid 


Kooping quality of dried product at 37® C. 


added 

Group 1 

Group 2 

Group 3 

Group 4 

(mg./l.) 

(d.) 

(d.) 

(d.) 

(d.) 

0 

364 

213 

38 

70 

5 

405 

395 

68 

140 

10 

419 

443 

144 

182 

20 

600 

456 

181 

295 


The data in table 2 are based on the time required for the stored milk to 
become so tallowy as to be inedible. These data indicate that ascorbic acid 
added to the fluid milk before preheating increases the keeping quality of its 
dried product. In every series of dry milks, the larger the amount added, the 
better the keeping quality. However, no recommendation can be made on the 
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basis of these experiments as to just how much ascorbic acid should be added to 
keep the dried milk edible for a given number of days. 

The keeping quality of the dried milk in group 1 to which 20 mg, per 1. of 
ascorbic acid were added was exceptional. This dried milk sample never did 
become tallowy. It finally was judged inedible because of other flavors that 
developed from long storage at 37° C. The concentration of apparent ascorbic 
acid of this milk never dropped below 16 mg. per 1. and after storage for 20 
months was greater than immediately after drying. 

Figure 1 shows the change in the apparent ascorbic acid of this milk and also 
of a milk with poor keeping quality with no added ascorbic acid. A study of 



this figure indicates that reducing substances are formed in storage and that 
in a dried milk with good keeping quality the apparent ascorbic acid, while drop- 
ping to a certain minimum value, seems afterwards to increase until there ap- 
pears to be more apparent ascorbic acid present than in the dried milk freshly 
made. On the other hand, in the milk marked “ control, the concentration of 
apparent ascorbic acid drops to a lower value than does that of the milk of good 
keeping quality, which apparently allows the oxidation to proceed and produce 
tallowiness and other off flavors. 

The results in figure 1 illustrate the changes in reducing capacity in two’ 
dried milks which differ greatly in their keeping quality. It would seem that 
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to retard oxidation materially a dried milk must have an initial reducing capac*« 
ity of such magnitude that even after a loss in this characteristic a suflSeient 
reducing action remains to prevent the onset of oxidation until the product 
can form its own reducing substances. If a product does not possess a high 
reducing capacity initially, the loss in this property makes possible the earl> 
onset of oxidative reactions and results in a product of low keeping quality. 

Since it had been suggested by Guthrie (3) that the complete destruction of 
ascorbic acid in milk prior to ite pasteurization might inhibit the development 
of the tallowy flavor, several lots of dry milk from fluid milk in which the as- 
corbic acid had been oxidized with hydrogen peroxide were prepared to find out 
what effect the complete absence of reduced ascorbic acid would have on the 
keeping quality of the dry milk. Three pairs of dry milks were prepared, using 
the same heat treatment and storage temperatures as with those described in 
table 1. To one fluid milk of each pair just enough dilute hydrogen peroxide 
was added carefully to oxidize the ascorbic acid completely. The results shown 
in table 3 indicate that the dried products from the milks to which hydrogen 
peroxide was added became tallowy more rapidly than those where no hydrogen 
peroxide was added. 

TABLE 3 

The effect of oxidising the aftcorhic acid in the fluid milk with hydrogen peroxide on 
. the keeping quality of its dried product 

Tinii* to lieeomc inedible at 37® C. (98,6® F.) 

Pair no. — 

Normal aacorbic acid Ascorbic acid oxidized by H,0. 

01 ) (d.) 

1 308 239 

2 231 189 

3 266 224 


CONCLUSIONS 

1. Ascorbic acid added to milk before drying increases the keeping qualitx 
of its dried product. 

2. Oxidation of ascorbic acid in the fluid milk witli hydrogen peroxide does 
not increase the keeping quality of its dried product. 
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THE EFFECT OF A PERIOD OF NON~MTLKING ON THE LEUCOCYTE 

COUNT OF MILK 


E. O. ANDEESON and PATRICIA MACLEOD 
Department of Animal Industry, Storra Agricultural Experiment Station, 

University of Connecticut, Storrs 

This paper reports an experiment on the effect of interrupted milking upon 
the leucocyte count of milk. A parallel study on the effect of interrupted milk- 
ing upon milk production and the vitamin A and carotene content of milk will be 
reported elsewhere. 

METHODS 

Cows in the middle of their lactation periods and free from mastitis (2) 
were used, six as experimental animals and two as controls. During the ex- 
periment they were on a controlled ration and, except as noted below, were 
milked at 12-hour intervals. Representative samples of milk were taken from 
each cow at each milking for 3 days. Then for 10 days the six experimental 
cows were not milked but the two control animals were milked as usual. After 
10 days, normal milking schedules were resumed on the experimental cows and 
milk samples were collected at each milking for 3 days. The milk samples from 
the first 3 days arc referred to as the ‘‘pre^’ samples and those from the last 3 
days as the *^post’^ samples. 

Milk films were prepared from each sample, defatted in xylol and stained 
with Newman-Larapert stain (1). Sixty microscopic fields were examined on 
all ‘^pre’’ milk films and the average number of leucocytes determined as de- 
scribed in ‘‘Standard Methods’’ (1). The “post” milk films were treated simi- 
larly except that in most cases fewer microscopic fields were examined because 
of the higher level of leucocytes. 

For statistical analysis the leucocyte counts were converted to logarithms. 
The difference between the logarithms of the “pre” and “post” counts of the 
milk from the experimental animals was compared with the corresponding dif- 
ference from the milk of the controls by an analysis of variance. 

RESULTS AND DISCUSSION 

The leucocyte count of the milk from the control cows varied little throughout 
the entire experiment but that from the experimental animals increased signifi- 
cantly after the period of non-milking. The geometric mean leucocyte count 
of the'“pre” samples of the experimental animals was approximately 100,000 
leucocytes per ml., and that of the “post” samples 4,860,000 leucocytes per ml. 
The individual counts and records of milk production at each milking are 
given in table 1. The corresponding leucocyte counts of the controls averaged 
180,000 leucocytes per ml. during the “pre” period and 300,000 leucocytes per 
ml. during the “post” period, which may be compared with the average count 
of the control animals for the entire 16 days of 200,000 leucocytes per ml. 
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The higher leu(;o(?yte counts of the ‘‘post” samples as compared with the 
“pre” samples is evident from table 1. No marked difference occurred in the 
leucocyte counts of the milk from the control cows. An analysis of variance of 
the differences between the “pre” and “post” log counts show(?d that the in- 
creased count in the experimental animals was significantly greater (P < 0.02) 
than the corresponding difference in the samples from the control cows. 

Since the only known variable between the experimental and control (iows 
was the milking schedule, the increased leucocyte counts of the “post” samples 
from the experimental animals may be attributed to the 10-day interruption in 
milking. The ratio in logarithms of the relative increase in milk from the ex- 
perimental cows to that from the control cows was 1.439 ±. 0.433. In this ex- 
periment non-milking decreased milk production 85 per cent and increased the 
leucoc^jde count about 27-fold. The confidence limits of the true proportional 
increa.se in leucocyte count varied from a factor of 2.4 to a factor of 316 at odds 
of 19 in 20. 

SUMMARY 

Interruption in the milking of normal cows in the middle of their lactation 
cycles increased the leucocyte (H)unt of the milk about 27-fold. 
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THE EFFECT OF STREPTOCOCCUS LACTIS AND COLIFORM 
ORGANISMS ON THE SOLUBLE NITROGEN OF MILK 

E. B. COLIjINS AifD F. E. NELSON 
Dairy Industry Department, Iowa Agricvlturcd Experiment Station, Ames 

The results of various investijrators have shown that many strains of Streps 
tococcus lactis are capable of bringing: about protein degradation in milk. 
Early investigations concerning proteolysis of S. ktciis as measured by soluble 
nitrogen, by amino nitrogen (determined by the Van Slyke procedure* formol 
titration or the nitrogen fraction soluble in phosphotuiigstic acid) and by am- 
monia determinations, were reviewed by Hammer and Patil (4). In most of 
these early investigations trials were carried out after periods of incubation 
ranging from 1 week to 4 months, using milk to wdiich amounts of calcium car- 
bonate sufficient to neutralize all, or nearly all, of the acid that could be pro- 
duced had been added. Hammer and Patil (4) incubated several strains of 
S. lactis in milk and determined nitrogen soluble in acetic acid and Van Slyke 
amino nitrogen after periods of incubation ranging from that required for 
coagulation to 9 days. They demonstrated that a definite proteolysis is evi- 
dent in many freshly coagulated cultures. 

Very little work has been published on proteolysis by Escherichia coli and 
Aerohacter aerogenes. Kendall et at (5) reported that E. coli had little action 
upon the protein constituents of milk, as shown by measurements of ammonia 
content. Spitzer et at (8) found that at 15 days E. coli had produced no am- 
monia but had produced detectable amino acids and x>eptones, while A. aero- 
genes had produced detectable ammonia and no detectable amino acids or pep- 
tones. They used Folin’s aeration method for ammonia and precipitation with 
zinc sulfate and phosphotungstic acid for peptone and amino acid determina- 
tions. Berger et al. (2) demonstrated the production of peptidases by E. coli 
growing in a peptone glucose medium. Staffe (9) found that growth of E, coli 
in milk at 30^ C. causes an increase in the nitrogen soluble in methyl alcohol. 
These increases were detectible at 1 week, and the nitrogen soluble in methyl 
alcohol continued to increase throughout the 7-week experimental period. Tay- 
lor (10) grew E, coU convmunis in milk for 5 months, after which he coagulated 
the casein with acid and filtered the mixture. Because of the large amount of 
precipitate obtained from the whey when phosphotungstic acid was added and 
the negative Biuret test on the filtrate, he concluded that casein was digested 
mainly to proteoses and peptones with the formation of only a small percen- 
tage of amino acids. 

EXPEBIMENTAL 

In this work proteolysis by 8 , lactis, E. coU and A. aerogenee growing sepa- 
rately and in combination at 30® C. in skim milk in the absence of calcium car- 
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bonate for periods up to 15 days was studied. Nitrogen soluble and insoluble 
in trichloracetic acid, total nitrogen, titratable acidity, plate count and differen- 
tial count (where two or more organisms were concerned) were determined. 

All organisms used were isolated from samples of raw milk and raw cream 
just prior to the beginning of the study. Only active strains were used. All 
strains of 8. lactis were typical members of the species as characterised by Sher- 
man (7). E, coll and A, aerogenes were typical according to Bergey^s Manual 
of Determinative Bacteriology (3). The stock cultures were transferred once 
a week, using sterile litmus milk. Cultures were transferred every 24 hours for 
two or tliree transfers prior to each trial. One-tenth of 1 per cent inoculum was 
used in all cases. For trials in which two or more different organisms were used, 
cultures 20 to 24 hours old were mixed in equal quantities; after the mixture 
had been shaken thoroughly, the desired inoculum was withdrawn and added to 
the test bottles of milk. Cultures were incubated at 30^ C. to obtain a high rate 
of change in the substratum without inhibiting the growth of one or more types 
of organisms used. Data on uninoculated control samples are not included since 
spore-fonning organisms caused rapid decomposition of such samples; however, 
the presence of acid-producing bacteria prevented the growth of significant num- 
bers of spore-forming organisms. This was evidenced by the absence of any 
significant number of colonies of spore-forming organisms on the plates incu- 
bated for total bacterial count and the absence of abnormal fermentation in 
the inoculated cultures. 

Milk for the trials consisted of fresh skim milk which was heated at 185° F. 
for 20 minutes to destroy as many undesirable organism types as possible with- 
out subjecting the milk constituents to the changes that would accompany 
sterilization in the autoclave. Skim milk was chosen because the absence of fat 
facilitated accurate sampling and analysis. Four-ounce screw top bottles were 
used as containers, and a separate bottle containing 100 ml. of milk was used 
for each day of testing. At the end of the incubation period the loss in weight, 
due to evaporation, was made up by adding sterile distilled water to each bottle. 
With trials using only S. lactis, caps were screwed down tightly; in trials where 
E, coli and A. aerogenes were involved, caps were left loose to permit the escape 
of gases. 

Coagulated samples were blended for 5 minutes in a sterile Waring blender 
with a semi-micro attachment and then transferred to a 250-ml. Erlenmeyer 
flask. Foam was dispersed by adding 8 to 10 drops of n-octyl alcohol to each 
sample in which eoliform organisms had grown. This latter practice was not 
employed in trials with 8, lactis, and foam undoubtedly was responsible for the 
occasional variation in total nitrogen values. Extreme care was used to agitate 
the undiluted and the diluted samples thoroughly just prior to pipetting, since 
there was some tendency for precipitation in coagulated samples, even after 
they had been blended for 5 minutes. Blending for longer periods did not over- 
come this tendency. A 50-g. quantity of blended sample was weighed into a 
100 tal. volumetric flask and the remaineder of the volume was made up with 
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distilled water. A 10 ml. quantity of this solution, representing 5 g. of sample, 
was used for each nitrogen determination. Nitrogen fractious insoluble in 
trichloroacetic acid were precipitated by the method developed for cheese serum 
by Lane and Hammer (6), except that in this work 10 ml. portions of the diluted 
sample were used, while Lane and Hammer (6) used 1 ml. of cheese serum. All 
nitrogen determinations were made by the Kjeldahl procedure. Duplicate deter- 
minations were made in all cases. 

Samples for total bacterial counts and/or differential count were taken di- 
rectly from the blender in case of coagulated samples and from the sample bottle 
when blending was unnecessary because the culture had not coagulated. Total 
counts were made on standard milk agar and differential counts were made on 
violet red bile agar, according to SfatuJard Methods for the Examimtion of 
Dairy Products (1), except that a temperature of 30® C. was used for incubation 
of plates for total counts. 

RESULTS 

Determinations were run on four strains of lactis; one strain of E. coli; 
one strain of A. aerogenes; and a combination of two strains of lactis, E. coli 
and A, aerogcnes. 

TABLE 1 

Proteolysis by Streptococcus lactis in heated skim milk (av, of duplicate determinations) 


Chilture 

Age 

Titra tabic 
acidity 

Plato count 

Sol. N 


(d.) 

(%) 

(/ml.) 

{7c of total X) 


0 

0.16 

300 

7.6 


1 

0.77 

3,400 M> 

12.9 

C5 

a 

0.85 

1,200 M 

13.9 


7 

0.86 

1,600 

15.5 


15 

0.88 * 

1,200 

16.3 


0 

0.14 

50 

6.4 


1 

0.74 

2,200 M 

8.5 

05 

3 

0.79 

1,000 M 

10.4 


7 

0.83 

310 Tb 

11.8 


15 

0.88 

60 T 

12.7 


0 

0.16 

300 

7.6 


1 

0.73 

2,400 M 

10..3 

C3 

3 

0.82 

500 T 

11.3 


7 

0.83 

3,200 

12.5 


*15 

0.87 

250 

13.0 


0 

0.15 

190 

9.3 


1 

0.80 

2,500 M 

14.4 

M17 

3 

0.86 

67 M 

16.0 


7 

0.86 

200 T 

17.6 


15 

0.89 

85 T 

19.0 


» M = million 
b T = thousand 

In table 1 are presented representative results showing increases in soluUe 
nitrogen caused by 8. lactis. In all instances the production of soluble nitrogen 
by ^e four strains of 8. lactis tested was fairly rapid during the first day or so 




BACTERIA AND SOLUBLE NITROGEN 


655 


when the population was at a maximum and acid production was at the most 
rapid rate. Later when acid production occurred very slowly or not at all and 
the population of viable cells was declining rapidly, the rate of production of 
soluble nitrogen also declined, although there was a gradual increase in the 
soluble nitrogen throughout the full period of experimentation. Variations in 
soluble nitrogen production were evident between the* various strains of S. lactis 
employed and between the different trials with the same strain. The variations 
between different strains and variations found in three trials with one strain 
((^5) were of about the same magnitude. 


TABLE 2 


Proieoijftdn bft KsHtf'ru'hia colt and Acrohacicr acroffcntn 
(av. of duplicate dctcrniinaiionu) 

m hcatfd /drim milk 

(’iiUwrc 

Afiv 

Titr.'jtnhic 

acidity 

Plate count 

f’oliforrn 

count 

Rol. X 


{d.) 

(%) 

(/ml.) 

(/ml.) 

(% of total N) 


0 

0.17 

180 


6.7 


1 

0.41 


1,200 M» 

5.0 

E. coh 

:i 

0.65 

1,000 M 

SHf) M 

7.0 


7 

0.70 


400 M 

7.4 


ir» 

1.14 


< 100 

21.5 


0 

0.17 

220 


6.8 


1 ' 

0,42 


2,200 M 

n.H 

A. acropcHcs 

3 

0.42 


2,800 M 

5.7 


7 

0.46 


600 M 

6.4 


15 

1.00 

.5.500 

r> 

26.1 

0 M riiillion 






Kepresentati\e 

data on E. 

coli and 

A. aerogenes ( table 2) show these organ- 


isms cau.sed a decrease in the soluble nitrogen daring the first day or two when 
the populations were at the maxima. As the numbers of viable cells decreased 
these tleficits gradually were (ivercome, and between the seventh and fift(*enth 
days both organisms caused a marked increase in soluble nitrogen. The increase 
in soluble nitrogen was higher at 15 days for this strain of A. aeroycncs than for 
the strain of K. coU used. The increase in soluble nitrogen was slightly greater 
during a second trial with A. aerogenes, while E, cali caused about the same 
increase in soluble nitrogen during each of two trials. 

When *S\ lacHs C6, lactis M17, E, coli and A. avrotjencs were growui to- 
gether in approximately equal quantities in skim milk, in no case was a rapid 
increase in soluble nitrogen caused by the combination of organisms (table 3). 
However, there was a gradual and definite rise in the soluble nitrogen in all 
cases, the increase being intermediate between that of the pure cultures grown 
singly during the early stages and more like that of iS\ lactis alone in the later 
stages, where the greater proteolysis typical of these gram-negative bacteria was 
held in check. 

In one trial using the combination of organisms, extra bottles of sample were 
neutralized to 0,27 per cent titratable acidity with sodium hydroxide at 7 and 
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TABLE 8 

Proteolysis by a mixture of Streptocoecus laciis C5, 8, lactia M17, Eaeheriehia eoH and 
Aerobacter aerogenes in heated skim mUk (av. of duplicate determinaiiona) 


Age 

Titratable 

Standard 

Coliform 

Sol.K 

acidity 

plate count 

count 

id.) 

(%) 

i/ml.) 


i%oftoUaK) 

0 

0.16 

160 


6.2 

1 

0.80 

3,400 M* 

400 M 

6.7 

3 

0.97 

600 M 

SOM 

8.6 

7 

0.85 

240 M 

1,300 T 

40 

11.1 

15 

0.94 

>300 Tb 

15.6 


> M = million 
bT=: thousand 

15 days, after which soluble nitrogren determinations were made. With the 
neutralized samples, the values for per cent soluble nitrogen were 11.0 and 16.6, 
which are not appreciably different from the values 10.7 and 16.2 which were ob- 
tained with samples which were not neutralized. Thus it seems that partial 
neutralization of the lactic acid formed did not influence significantly the values 
for protein degradation as obtained in this study. 

DICCUSSION 

The greatest increase in soluble nitrogen is associated with the period of rapid 
proliferation and acid production in the case of 8, lactis; comparatively little 
increase in soluble nitrogen occurs during the period when the viable bacterial 
population is declining and the cells may be presumed to be undergoing some 
autolysis. Apparently 8, lactis frees nitrogenous degradation products more 
rapidly than they can be utilized during the period of active growth. During 
the period of decline in population, the pi;oteolytic enzyme system active earlier 
apparently becomes comparatively inactive, either because of the reduction in 
metabolic activity of the cells or because the reaction of the medium is not suit- 
able for the continued action of the enzyme system concerned. 

The decrease in soluble nitrogen associated with the period of maximum pro- 
liferation of E, coli and A, aerogenes indicates that utilization of the simpler 
nitrogenous materials is at a rate greater than that at which the cellular enzymes 
are acting to free such nitrogenous materials. Since the rate of increase of 
soluble nitrogen immediately after a maximum population has been reached con- 
tinues to be slow, the early activity of the proteolytic enzymes of these organisms 
quite possibly is at a very low level. The considerable increases in soluble nitro- 
gen after the cultures have been held for more than 7 days and the viable popu- 
lations have declined to very low levels indicate the probability that the major 
proteol 3 rtic activity of these organisms is associated with cell autolysis and the 
consequent release of proteolytic enzymes. 

The behavior of the mixed cultures during the first 7 days seems to indicate 
that the coliform bacteria utilize the soluble nitrogen pzodui^ fanned 'by 8* laciis 
during the early stages of growth. During Ihe period from 7 to 16 days the 
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presence of the 8, lactis cells seems to retard quite markedly the proteolytic 
activity found to be associated with pure cultures of the coliform bacteria dur- 
ing this period. The lower population of coliform bacteria in the mixed culture, 
together with titratable acidity values slightly higher during the first 7 days of 
growth than would be found in a pure culture of either E, coli or A. aerogenes, 
seem to account for this retardation. 

The increase in proteolysis which S. lactis alone will cause possibly is enough 
to demonstrate why results of some of the tests used for proteolysis in dairy 
products have not correlated well with other evaluations of the quality of the 
product. The demonstration that one organism can influence considerably the 
protein degradation by another organism also 6er\^es as a note of caution in the 
use of tests for proteolysis when mixed cultures of microorganisms are involved, 
as is the case in so many dairy products. These studies seem to provide addi- 
tional evidence of the necessity for further studies of the influence of various 
microorganisms upon the enxymatic activities of other members of a mixed 
population. 

SUMMARY 

8. lactis organisms caused a rapid increase in soluble nitrogen during the 
first day or two, followed by a small and gradual increase which continued for at 
least 15 days. 

When E, coli and A. aerogenes were grown alone they caused a deficit in solu- 
ble nitrogen during the first few days of growth. This deficit was overcome 
later, and these organisms caused marked increases in soluble nitrogen bet\reen 
7 and 15 days. 

Mixed cultures containing S. lactis and coliform organisms caused gradual 
increases in soluble nitrogen, increases w’hich were somewhat between the results 
of the component organisms, except that the soluble nitrogen values at 15 days 
never were as high as those for the coliform organisms alone and were of about 
the same magnitude as those for 8. lactis. 
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THE NUTRITIVE VALUE OF TIMOTHY HAY AT DIFFERENT STAOES 
OF MATURITY AS COMPARED WITH SECOND 
CUTTINO CLOVER II AY' 

X. P. TOL0V08, H. A. KEKNKB, J. B. PRESCOTT and A. E. TEERI 
AVtt> Uampuhirtt Agrirultvrat Experiment Station, Durham 

It generally is reeognizt'd that certain factors such as color, stage of maturity 
of the plant, and texture are indicative of the feeding value of a roughage. 
However, little W'ork appears to have been done to actually measure quantita- 
tively such relationships by means of balance experirnents with animals, although 
considerable chemical work as <1 noted by Huffman (6) has been carried out. 
Ritzman and associates, as quoted by Prince et al. (8), determined the digestibil- 
ity of the protein and of the energy of timothy hay cut at three different stages 
of maturity and found that the earliest cut hay was far superior in digestibility 
of both protein and energy as compared to the late cut. 

Newdaiider (7), in his r(*view of research carried out by different agricul- 
tural experiment stations and the V. S. Department of Agricultun* to determine 
when the hay crop should bo cut, gives an excellent summary of results obtained 
by fee<iing trials. Hodgson ef aL (5) carried out feeding trials with dairy 
cattle and sheep to study iwid compare the value of home-grown roughages, both 
as hays and as silages. Bohstedt (2) classified hays according to quality and 
determined carotene, fiber and protein content in each type of hay. Dawson 
( t al, (4) determined the yield, chemical composition and feeding value for milk 
production of alfalfa hay cut at three stages of maturity by means of feeding 
trials with dairy cows. 

EXI'KBIMENTAL 

The timothy hays studied in this experiment were cut in the same field *it 
three different stages of maturity and were cured in the field. They were com- 
pared to a second cutting mow-cured hay containing approximately 90 per cent 
red and ladino clovers and 10 per cent grasses. All were harvested during 
the summer of 1947. The timothy cut on June 21 is referred to as early tim- 
othy. It was about 16 to 18 inches in height when cut and about 10 per cent 
of the heads were showing. The timothy cut on July 5 is referred to as medium 
timothy. It was in the early bloom stage. The timothy cut on July 25 is re- 
ferred to as late timothy. It was in the seed stage and many leaves w’ore dead 
and brown in color. The clover hay was cut on September 9 and w'as approxi- 
mately one-half in bloom. The hays were grown on f(»rtile soil and the growth 
was moderately heavy. 

The animals used to measure the nutritive value of these hays were purebred 

Received for publication March 28, 1949. 

1 Contribution no. 126 of the New Hampshire Agricultural Experiment Station. The 
authors gratefully acknowledge the assistance of Mr. A. D. Littlehalc, of the staff of this 
Station, in caring for the experimental animals. 



660 


N. F. COLOVOS ET AL. 


dairy heifers weighing between 725 and 750 lb. at the beginning of the experi- 
ment. There were two Guernseys, one Jersey and one Ayrshire. Since 6 kg. 
of hay per head per day were found to be consumed completely, this amount 
was fed each animal in two feeds as the sole ration. 

The nitrogen and energy balances were carried out between April 1 and 
June 12, 1948, according to the schedule given in table 1. It was planned so 
that each kind of hay would be fed to three different animals but to only one 
at a time. However, due to the refusal of the other animals to eat adequate 
amounts of late timothy after having been fed the other hays, it was necessary 
to use heifer 4 for a second balance with this hay. 


TABLE 1 

Schedule of balance experiments 


Heifer no. 

First balance 

Second balance 

Third balance 

1 

Mow-cured clover 

Early timothy 

Medium timothy 

2 

Early timothy 

Mow-cured clover 

(Befused late timothy) 

3 

Medium timothy 

Mow-cured clover 

Early timothy 

4 

Late timothy 

Medium timothy 

‘ Late timothy 


Although the procedure and methods do not differ materially from those 
used in previous research reported from this laboratory (1), a few modifica- 
tions in the procedure necessitate a brief description. 

Feed. The hays were chopped, mixed, sampled for analysis and weighed 
into separate single-feed portions before the start of the experimental period. 
A plain salt block was kept before each animal at all times. A preliminary 
feeding period of about 10 days was allowed before each of the first series of 
digestion balances. The length of this period later was reduced to 5 days, 
since all animals were on all-roughage rations. 

The collection periods were from 14 to 16 days in duration. That portion of 
any feed refused by an animal was removed from the feed box, dried in an oven 
at about 55° C. and compounded. At the end of the period the total refuse was 
weighed at room temperature and sampled for analysis. Gross energy deter- 
minations were made on both feed and refuse by means of the bomb calorimeter. 
Nitrogen determinations also were made on both feed and refuse. The nitrogen 
and the energy in the refuse were subtracted from the amount fed in order to 
determine the amount consumed. 

Excreta. The feces and urine were collected separately by means of the 
automatic collection devices developed in this laboratory. These eollection 
devices are essentially the same as those used in this laboratory for many years 
(9) with the exception of minor changes in the chute. This was shortened 
materially in order to reduce the error due to evaporation and contamination. 
Both feces and urine were weighed and sampled daily. Composite samples of 
feces were kept at a temperature of approximately -16° C., while the com- 
posite samples of urine were stored at a temperature slightly above freezing. 
At the end of the collection period the feces samples were thawed and mixed 
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thoroughly and an aliquot was taken in triplicate for both moisture and nitro- 
gen determinations. The remainder of the sample was dried at a temperature 
of about 55 to 60® C., ground in a Wiley mill and analyzed for moisture and 
for gross energy. ' The urine samples were allowed to come to a temperature of 
about 20® C., and their specific gravity determined ; they were analyzed in tripli- 
cate for both nitrogen and gross energy. The urine samples used for the gross 
energy determinations were dried in the capsules under vacuum. 

Metabolism measurements. At the end of each collection period, at least two 
12-hour metabolism measurements were made by means of the open circuit 
respiration chamber which has been used in this laboi^atory for the past quarter 
cenrtuy. Benedict ef al. (1) have described this apparatus. Periodic gas re- 
covery checks were made with the apparatus to test its accuracy. The appa- 
ratus for the analysis of the chamber air for carbon dioxide, oxygen and for 
the direct determination of the methane was the most recent type of the Car- 
penter modification (3) of the Haldane apparatus. 

RESULTS AND DISCUSSION 

The protein and energy contents of the hays are shown in table 2, while the 
nitrogen and energy balances are shown in table 3 and 4 and the metabolizable 
energy values in table 5. 

TABLE 2 

Composition of hays as fed 


Hay 

MoiHture 

Protein 

Gross energy 


(%) 

(%) 

(Cal/g.D.M.) 

Mow-dried clover 

11.06 

13.837 

4.3895 

Early timothy 

10.15 

7.900 

4.4368 

Medium timothy 

9.39 

6.106 

4.3647 

Late timothy 

9.89 

4.500 

4.4194 


The timothy hays cut at three stages of maturity show considerable varia- 
tion in protein content. The late timothy contains less than one-third the pro- 
tein content of the legume hay. The digestible protein picture is even more 
striking. The clover hay had twice as much digestible protein as the early tim- 
othy, three times more than the medium timothy and seven times more than the 
late timothy. The early timothy, however, gave almost as high a positive bal- 
ance of protein as the clover hay because half of the gross intake of the protein 
in the clover hay experiments was lost in the urine. Even the late timothy sup- 
plied enough protein for maintenance. The digestibility of the protein in the 
timothy hay diminished appreciably as tlie plant advanced in maturity. The 
percentage digestibility decreased from 55.4 in the early timothy to 30.2 in the 
late timothy. 

The gross energy content of all four hays studied was essentially the same. 
While the differences in percentage digestibility 

( gross energy of feed ~ energy in feces ^ 

gross energy of feed * 
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> Differences between the clover and the early timothy is not significant. The difference between the clover and the medium timothy is sig- 
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TABLE 5 

Metabolimhie energy 


Bougliagc 

Heifer 

110. 

Dry 

matter 

eunaumed 

(irOBH 

energy 

Metaboliz- 

able 

energy 

Metaboliz- 

ability 

Metabolizable 
energy per g. 
dry matter* 



iff-) 

(Cal.) 

(Cal.) 

(%) 

(Cal.) 

Clover hay 

1 

5,306 

23,289 

10,197 

43.8 

1.922 1 

1 

Clover hay 

2 

.5,308 

23,302 

11,901 

51.1 

2.242 

2.079 

Clover hay 

3 

5,308 

23,304 

11,011 

47.2 

2.074 J 

1 

Early timothy 

2 

5,267 

23,423 

11,885 

50.7 

2.257 ^ 


Early timothy 

] 

5,351 

23,768 

11,995 

50.5 

2.242 ! 

1 2.286 

Early timothy 

3 

5,366 

23,810 

12,656 

53.1 

2.359 J 


Medium timothy 

3 

4,967 

21,661 

9,888 

45.6 

1.991 1 


Medium timothy 

4 

5,377 

23,473 

10,572 

45.0 

1.966 

. 1.992 

Medium timothy 

1 

5,418 

23,650 

10,943 

46.3 

2.020 J 


r^ate timothy 

4 

.5,1.58 

22,800 

9,241 

40.5 

1.792 

1 1 U04> 

Late timothy 

4 

5,31.3 

23,483 

9,841 

41.9 

1.852 j 



» Differences between clover and early timothy and between clover and medium timothy 
are not significant. Differences between early and medium timothy are significant at the 1% 
level and between inedium timothy and late timothy at the 5% level. 


were not (jiiite as pronounced as in the ease of the protein, the energy in the late 
timothy was 15 per cent less digestible than that in the early timothy. The 
early timothy hay was superior to the clover hay when the metabolizable energy 
values wTre compared. The medium timothy had much less metabolizable en- 
ergy per gram of dry matter than the early timothy or the clover, while the 
late timothy ranked a poor fourth. 

The palatability of the hays differed quite markedly. The animals cleaned 
up the clover and early timothy hays quite readily, but refused some of the 
medium timothy. In the case of the late timothy, the animals that had received 
the clover or the early timothy, or even the medium timothy, refused to eat very 
much of this poor hay. Only one animal, number 4, could be induced to eat it, 
probably because she had not been fed anything better than medium timothy 
previously. 

SUMMARY AND ( INCLUSIONS 

The relative nutritive value of timothy hay cut at three different stages of 
maturit}’' and a second-cutting mow-cured clover hay was determined by means 
of (deven prottdn and energy digestion balance experiments with dairy heifers. 
The early-, medium- and late-cut timothy hays contained 57.1, 44.1 and 32.5 per 
cent, respectively, as much protein as the second cutting clover. However, the 
gross energy values for all of the hays were essentially the same. 

The digestibility of the protein decreased markedly from the clover hay 
through the different timothy hays. The values for the early, medium and 
late timothy hays were 87.0, 71.4 and 47,4 per cent, respectively that of the 
clover hay. These same hays furnished only 49.7, 31.5 and 15.4 per cent, re- 
spectively, as much digestible protein as was furnished by the clover hay. 

The early-cut timothy hay vras superior to the other hays with respect to 
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metabolizable energy. When compared to the early-cut timothy, the clover, 
medium timothy and late timothy contained 90.9, 87.1 and 79.7 per cent, re- 
spectively, as much metabolizable energy. 

These results show that early-cut timothy may be a better source of energy 
than good legume hay for dairy cattle, but not of digestible protein. How- 
ever, practically the same amount of nitrogen was stored from the early-cut 
timothy as from the clover under the conditions of this experiment. Barly-cut 
timothy hay may furnish up to 3.2 times as much digestible protein and 1,25 
times as much metabolizable energy as late-cut timothy hay. 
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COTTONSEED OILS IN PURIFIED AND SKIM MILK 
DIETS FOR CALVES^ 

R. N. JARVIS AND R. K. WAUGH 
Department of Animal Industry 
North Carolina Agricultural Experiment Station, Raleigh 

Early attempts to utilize fats other than that of milk in the diets of young 
calves have been reviewed by Gulliekson et aL (5) and by Savage and McCay 
(7). The results have been variable and in many cases unsuccessful. Though 
work in recent years has shown certain fats to be more suitable than others, the 
reasons for the undesirability of some fats are not understood. 

Gulliekson ei aL (5) observed better growth when calves received butterfat, 
lard or tallow than when they received liquid vegetable fats. These results sug- 
gest that a high degree of unsat uratiou might decrease utilization of fat and 
possibly other nutrients by calves. More recent studies by Jacobson and Cannon 
(6) and Wiese ei ail, (9) also permit this interpretation. Jacobson and Cannon 
(6) found that calves grew well with 3 per cent hydrogenated soybean oil in the 
diet. These authors also observed that calves grew fairly satisfactorily with 2 
per cent crude soybean oil but not with 3 per cent. Thus it appears that there 
is a level above which certain unsaturated fats disrupt metabolism. Several 
workers have reported that calves fed liquid vegetable fats develop scours (2, 5, 
6, 9). Apparently there is appreciable absorption of corn oil and cottonseed oil 
because calves fed these fats had higher levels of blood fat than calves receiving 
milk fat (5). 

Observations made in the studies reported here include growth rates of calves 
fed purified diets as compared to whole milk, the occurrence of fatty livers in 
calves fed purified diets, some comparisons of cottonseed oils and butterfat for 
growth, and comparison of blood plasma fat levels of calves when their respec- 
tive diets contain butterfat and hydrogenated cottonseed oil. 

EXPERIMENTAL PROCEDURE 

Animals used in these experiments were grade, purebred or crossbred dairy 
calves. Breed was disregarded for assignment to rations. Calves were started 
on the experimental rations at 2 to 4 days of age, after they had received colos- 
trum. They were isolated in individual pens bedded with wood shavings or de- 
hydrated sugar cane pulp. The calves were kept muzzled, but this was not 
wholly effective in preventing consumption of bedding. The diets were fed 
from nipple pails at a rate of 10 lb. daily per 100 lb, of body weight. The calves 
were weighed and feed allowances were adjusted weekly. 

The studies reported herein were made in two trials. In trial I the diets used 
were (a) whole Ayrshire milk averaging 4 per cent butterfat, (b) a purified 

ISeeeived for publieation March 28, 1949. 

1 Approved for ptablieation aa paper no. 315 in the Journal series of the North Carolina 
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diet similar to that described by Wiese et al (9) with 3.5 per cent refined cot- 
tonseed oil and (c) the same as diet h except that the oil w’as hydrogenated. 

The purified diets differed from those used by Wiese et al, (9) in the follow- 
ing ways: (a) commercial casein'* replaced vitamin-free casein; (b) calves re- 
ceived 0.5 minim wheat germ oil every other day in the vitamin A and I) cap- 
sules but in addition each pound of milk contained 1 mg. of a-tocopherol and 
(c) no folic acid or biotin was added. 

Trial II was a randomized block design with three diets and 15 calves. These 
diets were (a) whole Aryshire milk, (b) 10 per cent edible, spray-dried nonfat 
milk solids plus 3.5 per cent butter oil and (c) the same as diet h except that the 
fat was hydrogenated cottomseed oil. 

The fat was emulsified by homogenization in all diets except the whole milk. 
All calves received capsules containing 30,000 1. U. of vitamin A and 1,000 units 
of vitamin D every other day. The sources of vitamins A and D were fish liver 
oil and irradiated ergosterol. Two batches of each type of cottonseed oil were 
used. The nonhydrogenated cottonseed oils had iodine values of 108.5 and 115.0. 
The hydrogenated fats had iodine values of 64.6 and 63.6 and Wiley melting 
points of 34.1 and 32.2° C. 


TABLE 1 

Daily gain and choline and Hpidc confeni of livers of calvcM in friaf / 

Av. liver A V. liver A v. liver 


No. of Av. time Av. daily lipides choline choline 
calves on diet gain (dry (dry (dry, lipide 






basis) 

basis) 

free basis) 



(rf.) 

(lb.) 

(%) 

(mg./g.) 

img./g.) 

Whole milk ... 

4 

51.5 

1.0* 

7.0 

13.7 

l'l.8 

Purified basal + hydrogenated 

cottonseed oil 

4 

44.8 

* 0.54 

20.5 

14.0 

17.7 

Purified basal + nonhydro- 

genatod cottonseed oil 

5 

36.2 

0.11 

16.1 

16.9 

2().2 

5% least significant difference 




8.9 

3.6 

3.7 


• One calf sacrificed at 12 d. of age not included in this average. 


All blood samples were drawn from the jugular vein. Allen’s method (1) 
was used for the determination of plasma fat. Liver lipides were measured as 
the ether extract of the dried liver. Engel’s method (3) was used for the deter- 
mination of choline in the dry liver samples. Choline chloride was used as a 
standard in the determinations and all choline values are expressed as amounts 
of choline chloride. 


RESULTS 

Hydrogenated vs. nonhydrogenated cottonseed oil in purified diets. The 
average daily gain of calves in trial I (table 1) show that whole milk gave the 
best growth. Though whole milk contained on the average 0.5 per cent more 

a**New Process »» casein purchased from Sheffield Farms Co*, Inc*, 524 West 57th Street, 
New York, N. Y. 
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fat than the purified diets, this additional fat would not seem to account for 
the additional growth. Calves which received the purified diet with nonhydro- 
genated refined cottonseed oil made practically no growth, became emaciated 
and died in 5 to 9 weeks. These calves developed severe scours after receiving 
the nonhydrogenated oil about 1 week. The purified diet containing hydrogenated 
cottonseed oil allowed intermediate growth. 

Incidence of fatty livers from purified diets. Observations on the amount 
of lipides in the livers of animals of trial 1 indicated that the purified diets con- 
taining cottonseed oil caused fatty livers (table 1). Analyses of the livers of 

TABLE 2 

Lipidrs in dried livers of calves in trial H 


Diet Lixiide content in individual livers Av. 



(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

Whole milk 

.5.26 

5.78 

4.32 

4.09 

2.82 

4.45 

4.45 

Nonfat milk solids -l- butter oil 

3.54 

8.86 

3.51 

5.46 

19.12 

8.10 

5.19 

Nonfat milk solids + hydro- 
gorintod eoltonseed oil 

,5.82 

6.60 

4.09 

5.65 

6.13 

5.66 

5.06 

5% least significaiit difference 






,5.7,3 

1.87 


* A value of 4.C2 substituted for 19.12 in the case of the animal on the butter oil diet. 

tlie calves in trial II, in which some calves had received hydrogenated cotton- 
seed oil in reconstituted nonfat milk soluls, showed (table 2) that the cottonseed 
oil alone was not responsible for the fatty livers. The purified diets used in 
th(?se trials apparently were responsible for the fatty livers. 

TABLE 3 

Average blood plasma fat and daily gain of calves in trial II 


I)iot 

Av. plasma fat at; 

Av. daily 
gam 

2 wk. 

4 wk. 

6 wk. 


(mg./lOO ml.) 

{mg./WO ml.) 

{mg. /1 00 ml.) 

{lb.) 

Whole Ayrshire milk 

3,56.1 

164.0 

180.2 

.75 

Nonfat milk solids + butter oil 

325.8 

148.3 

345.9 

.90 

Nonfat milk solids + hydrogenated 





cottonseed oil 

91.3 

64.9 

70.2 

.70 

5% least signiffcant difference 

57.6 

57.6 

57.6 

.34 


Blood plasma fat levels. Table 3 show^s a summary of plasma fat of calves 
in trial II at 2, 4 and 6 weeks. The diet consisting of reconstituted nonfat milk 
solids and 3.5 per cent butter oil supported lower levels of plasma fat than did 
whole milk, but the difference was not significant. The additional 0.5 per cent 
fat in the whole milk might account for this difference. When hydrogenated 
cottonseed oil replaced the butter oil, significantly lower blood fat levels oc- 
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curred than on the whole milk diet at 2, 4 and 6 weeks or on the butter oil diet 
at 4 and 6 weeks. 

The average daily gains of calves fed the different diets were not significantly 
different. 

lAver choline. The differences in choline content of livers of calves receiv- 
ing the different diets in trial I were not significant when compared on a dry 
weight basis (table 1). However, when the comparisons were made on a fat-free 
dry basis, the differences were accentuated to the extent that the average amount 
of choline in the livers of calves receiving whole milk was significantly greater 
than those receiving the purified diet with nonhydrogenated cottonseed oil. 

The differences in choline content of livers of calves receiving the respective 
diets in trial 11 were tiot statistically significant (table 4). 


TABLE 4 

Choline in (tried livers of calves in trial II 


Piet 


Choline in individual livers 


Av. 


(mg./g.) 


{mg./g.) 

(mg./g.) 

(mg-/ 0 -) 

{.mg./g.) 

Whole milk 

13.6 

11.4 

11.5 

11.7 

10.8 

11.8 

Nonfat milk solids + butter oil 

13.5 

14.3 

11.7 

11.2 

12.5 

12.6 

Nonfat milk solids f hydro- 
genated cottonseed oil . . 

14.0 

12.8 

12.5 

11.6 

11.5 

12.5 


5% least Biguificant difference 1.1 


DISCUSSION 

The results obtained with hydrogenated and nonhydrogenated cottonseed oil 
agree with those of other workers (5, 6). Purified diets containing 3.5 per cent 
nonhydrogenated cottonseed oil w’ere unsatisfactory. As Jacobson and Cannon 
(6) found to be the case with soybean oil, partial hydrogenation allowed calves 
to tolerate cottonseed oil in these studies. 

The purified or synthetic diets used in these experiments did not produce as 
good grovdh as whole milk. The milk contained 4 per cent fat compared to only 
3.5 per cent for the purified diets. It is not believed, however, that the addi- 
tional fat in the whole milk played any important part in the results obtained. 
It is interesting that calves fed the more highly saturated fat in reconstituted 
nonfat milk solids had lower levels of plasma fat than calves receiving butter 
oil in the reconstituted nonfat milk solids. The hydrogenated cottonseed oil in 
skim milk produced growth comparable to butter oil in nonfat milk solids and 
to whole milk. 

The cause of the high lipide content of livers of calves fed the purified diets 
is not known. However, since reconstituted nonfat milk solids containing hydro- 
genated cottonseed oil did not cause fatty liver, it seems that the purified diet 
was responsible. The question arises as to whether or not the purified diet con- 
tained adequate choline. Ten lb. of this diet contained 1 g. of choline chloride. 
Ten lb. of whole milk would contain somewhat less than this amount (4, 8) ; 
therefore a choline deficiency is not suspected. 
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The choline contents of the livers of the calves in these experiments were 
lower than has been reported previously (4, 8). The amounts of choline in the 
livers of calves receiving whole milk were lower than for calves which received 
the purified diets. The differences were not statistically significant on the dry 
basis, but a true difference between the whole milk diet and the purified diet con- 
taining nonhydrogenated cottonseed oil was indicated when the comparison 
was made on a fat-free dry basis. Inasmuch as greater differences in choline 
content of livers were indicated when the comparison was made on a fat-free 
dry basis than when on a dry basis, the question arises as to which is the proper 
comparison. However, if the choline content of liver is stated on a dry basis, 
the choline content could increase without becoming apparent if the fat content 
increased accordingly. Therefore it would seem to be desirable to make choline 
comparisons of livers on a fat-free basis when the fat content of the liver varied 
widely, unless total liver choline values were available. 

SUMMARY 

1. Calves did not grow so well when fed purified diets as when receiving 
whole milk. Although growing relatively poorly, the calves appeared normal 
when fed the purified diet containing 3.5 per cent hydrogenated cottonseed oil. 
They grew very poorly on such a diet containing 3.5 per cent nonhydrogenated 
refined cottonseed oil and died in a few weeks. 

2. Calves which received the purified diets developed fatty livers whether 
the oil was hydrogenated or not. Since the calves receiving hydrogenated cot- 
tonseed oil with reconstituted nonfat milk solids had normal liver lipide values, 
it is apparent that the purified diet was concerned in the production of fatty 
livers. 

3. The calves 'which received the hydrogenated cottonseed oil had lower 
blood plasma fat values than calves w^hich received butterfat. 
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THE AMINO ACID COMPOSITION OP BOVINE COLOSTRUM 

AND MILK^* * 
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A review of the literature on the amino acid composition of various biolog- 
ical materials (3) reveals that comparatively few data are available for whole 
bovine milk and practically none for colostrum. However, a few workers (4, 
6, 7, 13) have carried out microbiological determinations of amino acids in skim 
milk powder, processed milk, purified milk proteins and some of the colostral 
proteins, whereas others (2, 4, 10, 16) have determined some amino acid values 
for milk proteins by chemical methods. Other papers, in which isolated data 
are given for one or more of the essential amino acids, have been reviewed by 
Snell (14) and Schweigert and Snell (12). Although the amino acid content 
of milk may be computed from the amino acid composition and the relate e pro- 
portions of the various proteins occurring in it, direct determination of the 
amino acids in the hydrolyzate would be more desirable for routine work. In 
this connection Ilodson and Krueger (7) determined microbiologically the es- 
sential amino acid content of fresh cows’ milk. Results for a single sample of 
milk also have been given by Stokes ei at. (15). The object of the present in- 
vestigation was to study how the essential amino acids in colostrum and milk 
vary with the stage of lactation. 

EXPERIMENTAL PRCK’EDT^RE 

Samples of colostrum and milk were obtained from five Jersey cows and one 
Holstein cow from the College dairy herd maintained under winter feeding 
conditions. Two samples of colostrum were secured for analysis from each of 
the Jersey cows. The first sample was taken within 1 hour after calving and 
the second represented a 24-hour composite sample. Three-day composite sam- 
ples of milk were taken for analysis at the 60th and 90th days of lactation. The 
colostrum and milk production records of the above cows were kept as a matter 
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of routine procedure as well as the amount of colostrum and milk ingested by 
the calves during their colostrum and milk feeding periods. Prom these rec- 
ords and the percentage composition of some of the amino acids found in colos- 
trum and milk, an approximation was made of the amount of the various amino 
acids ingested per day from colostrum and from milk. 

The amino acid determinations were carried out microbiologically using 
Lactohacillus arahinosis, Streptococcus faecalis and Leuconosioc mesenteroides. 
The media used in the various determinations were essentially the same as those 
described by Sauberlich and Baumann (11) with the exception of those used 
for isoleucine and methionine, which were prepared according to the method of 
Kuiken et al, (8) and Lyman et al (9). The hydrolyzates for the determina- 
tion of leucine, isoleucine, valine, phenylalanine, arginine, histidine, threonine, 
methionine and lysine were prepared according to the method of Stokes et al, 
(15). Ten ml. of colostrum or 20 ml. of milk were taken for the digestion, the 
hydrolyzates finally were made up to 100 ml. and preserved with a few drops of 
toluene and stored in the refrigerator. For the tryptophan assay the enzymatic 
digestion procedure of Wooley and Sebrell (17) was followed. Five ml. of 
colostrum or 10 ml. of milk were used for the enzymatic determination. The 
digest was made up finally to 100 ml. and preserved as above. In all cases, the 
assays were run after the proper dilutions had been made. 

In order to determine whether or not the direct hydrolysis of colostrum or 
milk would result in the destruction of any of the amino acids, parallel hydroly- 
zates of casein and of casein plus lactose were prepared and assayed for 9 amino 
acids. The amount of lactose used was twice the weight of the easciri. To in- 
vestigate this point further, the amino acid composition was determined on two 
samples of fresh colostrum and one sample of milk and on the precipitated 
proteins prepared from each colostrum and, milk. The total proteins were pre- 
pared by the method of Block and Bolling (3). 

The reliability and reproducibility of the various amino acid determinations 
used in this work were ascertained by making parallel acid hydrolyzates from 
the same sample of fresh unpasteurized market milk and from colostrum ob- 
tained from a first-calf Holstein cow immediately following parturition. 

The total nitrogen in the colostrum and milk was determined according to 
the method recommended by the A. 0, A. C. (1). The factor of 6.38 was used 
to convert nitrogen to protein. 


RESULTS 

Before adopting the procedure of direct acid hydrolysis of colostrum and 
milk, it was desirable to determine whether or not any destruction occurred in 
the amino acids of casein when casein was digested with %N hydrochloric acid 
in the presence of lactose. The results obtained by the acid hydrolysis of 
casein, with and without lactose, are shown in table 1. By comparing the 
amounts of the various amino acids found in the casein by this procedure, it can 
be seen,, that the degree of destruction due to the formation of sugar-amino acid 
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complexes did not exceed the usual error encountered in microbiological assays. 
From these results it may be assumed that the amino acid composition of both 
albumin and globulin will remain unchanged under similar treatments. The 
destruction probably would be significant in the case of cystine. Therefore, the 
method of direct hydrolysis with 6i\r hydrochloric acid w^as followed in subse- 
quent analyses. 

TABLE 1 

A comparative study of the amino acid composition of the acid hydrolyzaies of casein, with and 
without added lactose, and of colostrum and milic and their corresponding proteins^ 


Amino acid 

Casein** 

without 

lactose 

Casein 

with 

lactose 

3 

lU 

"k 

^ g 

K9 

protein 

K12 

culostru] 

K12 

protein 

K15 

milk 

sl 

Leucine 

8.11 

7.89 

7.27 

7.36 

7.52 

7.35 

8.G4 

8.55 

Isoleuciuo 

5.75 

5.78 

5.28 

4.90 

4.34 

4.82 

6.98 

5.74 

Valine 

6.60 

6.60 

6.72 

7.51 

7.08 

7.52 

7.36 

6.28 

Phenylalanine 

4.70 

4.78 

4.42 

4.42 

4.26 

4.41 

4.86 

4.86 

Arginine 

.3.79 

3.41 

4.64 

4.90 

4.77 

4.61 

3.64 

3..51 

Histidine 

2.89 

2.76 

2.01 

2.22 

2.26 

2.44 

2.45 

2.66 

Threonine 

4.21 

4.12 

6.38 

6.92 

6.97 

7.25 

4.11 

4.73 

Methionine 

2.74 

2.65 

1.68 

1.59 

1.66 

1.82 

2.18 

2.26 

Lysine 

7.07 

7.13 

6.62 

6.79 

6.98 

7.05 

7.75 

7.96 

Protein (%) 

94.72 

94.72 

20.28 

91.43 

12.99 

95.99 

2.80 

96.16 


u All values are expressed as percentage of total protein. The colostrum and milk samples 
were obtained from Jersey cowd. 

Vitamin-freo Labco casein. 


The next question that arose was that of the reproducibility of the method 
of microbiological as.say with milk and colostrum hydrolyzates so that the de- 
teririinations could be made on a routine basis. To verify this point, five ali- 
quots from a sample of unpastcurized market milk and tw’o aliquots from a 
sample of colostrum were subjected to acid hydrolysis. The results of the 
amino acid determinations on their hydrolyzates are pre.sented in table 2. The 

TABLE 2 

Variations in the amino acid content of five individual hydrolyzates 
of one mill sample and two of eolostnnuf^ 


Amino 

acid 


Fresh, unpasteiirized milk 


(’olostrum 


Hydrolyzatt* no. 


Hydrolyzate no. 



1 

2 

3 

4 

5 

Av. 

1 

2 

Av. 

Leucine 

8,31 

8.71 

8.97 

8.36 

8.14 

8.50 

7.28 

7.27 

7.28 

Isoleucine 

5.89 

5.72 

5.53 

5.67 

5.57 

5.68 

4.61 

4.45 

4.53 

Valine 

6.83 

6.72 

6.66 

6.69 

6.66 

6.71 

7.96 

7.94 

7.95 

Phenylalanine 

4.51 

4.57 

4.51 

4.51 

4.41 

4.50 

4.33 

4.35 

4.34 

Arginine 

3.28 

3.05 

2.96 

3.05 

3.13 

3.09 

4.28 

4.24 

4.26 

Histidine 

2.66 

2,64 

2.69 

2.69 

2.73 

2.68 

2.48 

2.44 

2.46 

Threonine 

4.83 

4.80 

4.61 

4.73 

4.92 

4.78 

1.95 

2.02 

1.99 

Methionine 

2.25 

2.24 

2.32 

2.28 

2.32 

2.28 

1.64 

1.08 

1.66 

Lysine 

7.45 

7.57 

7.33 

7.17 

7.26 

7.36 

6.81 

7.00 

6.91 


•The milk sample was fresh, unpasteurized market milk (N = 0.505%) and the colostrum 
sample was obtained immediately after parturition from a first-calf Holstein cow (Ncr 2.399%). 
All values are expressed as percentage of total protein. 
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maximum Tariation in any of the amino acids from aliquot to aliquot was within 
experimental error, both in case of the milk and colostrum. Based on these 
findings, the microbiological method was used for subsequent determinations. 

In table 3 are presented the average and range of concentrations of ten amino 
acids in colostrum and milk samples obtained from five Jersey cows. The aver- 
age protein content of the colostra for the first- and 24-hr. samples and the milk 
samples obtained on the 60th and 90th days of lactation were 14.0, 10.3, 3.5 and 
3.6 per cent, respectively. Inasmuch as the protein content of the colostra taken 
within 1 hr. after parturition is higher than that of the 24-hr. sample, the amino 
acid content of the first colostrum also is considerably higher when expressed as 
per cent of the undried sample. However, when the amino acid composition is 
expressed as per cent of the protein, these differences become negligible and there 
is considerable overlapping in the range of values. 

Individual variations were appreciably large but these were ascribed to the 
individuality of the cows rather than to partial destruction in hydrolysis or to 
errors in assay. The fact that some of the data in tables 1 and 2 differ from 
those in table 3 can be explained on the above basis, also on breed differences 
and on the plane of nutrition. Insofar as the colostrum data are concerned, 
the data in table 1 were obtained from the two cows of the Jersey breed, the 
data in table 2 were obtained from a first-calf Holstein cow, whereas the data in 
table 3 are the average and range of values obtained from 5 other Jersey (*nws. 
With few exceptions, the range of values presented in table 3 will include the 
individual values presented in tables 1 and 2. The milk data presented in table 
1 were obtained from an individual Holstein cow, the data in table 2 were ob- 
tained from a market milk sample and the data in table 3 were obtained from 
Jersey cows at a definite stage of lactation. The cows producing the market 
milk undoubtedly were on various planes «of nutrition, whereas all of the cows in 
the College herd were on the same plane of nutrition. All of the colostra and 
milk data, however, are considered to be significant. 

The data presented in table 1 for casein do not differ markedly from those 
obtained for milk (tables 1, 2 and 3). Some differences are evident because milk 
contains some albumin and globulin in addition to the casein. 

On the average, the proteins of colostrum contain more valine, arginine, 
threonine and tryptophan than normal milk but less leucine, isoleucine, phenyl- 
alanine and methionine. The amounts of histidine and lysine appear to be simi- 
lar in both milk and colostrum proteins. Inasmuch as the globulin content of 
colostrum is very high in comparison to that of milk, a difference in the amino 
acid composition of these two biological materials is to be expected. A compari- 
son of the amino acid composition of the protein of bovine colostrum (table 3) 
with that of human colostrum (5) reveals that the protein in bovine colostrum 
is higher in threonine, leucine, isoleucine and valine. When the amino acid 
values are expressed as per cent of the sample, there is a general tendency for all 
of the amino acids to decline in concentration both in colostrum and milk with 



TABLE 3 

Jmino acid content of hm'ine coloxirum and mdk of five Jersey cows 
(All values expressed as % of the undned sample and of the protein) 
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the progress of lactation as the result of parallel diminution in the protein con- 
tent. 

A comparison of the amino acid composition of the milk on the 60th and 90th 
days of lactation reveals no significant difference except that histidine appears 
to increase and phenylalanine, methionine and lysine appear to decrease with 
the progress of lactation. The leucine, isoleucine, phenylalanine and arginine 
content of the market milk sample is significantly lower than that found for 
Jersey milk (table 3) on the 60th day of lactation. All of the other amino acids, 
however, seem to be comparable. A comparison of the values reported in this 
paper for Jersey milk with those published by Hodson and Krueger (7) reveals 
no significant difference with the exception of histidine, which the latter authors 
found to be lower. 

The amount of the various amino acids secreted in the total volume of colos- 
trum and milk at various stages of lactation and the amount of these constitu- 
ents ingested by the calves during early life were calculated. Data on the 
output, as computed from a knowledge of the protein and amino acid contents 
of the colostrum and milk, are presented in table 4. The cow evidently secretes 


TABLE 4 

Average daily output of amino acids in the colostrum and milh of five Jersey cows and the 
average amounts supplied to their calves on the first day and the tlOth day of lactation 


Amino acid 


Output 


Intake 



1st d. 

60th d. 

90th d. 

Ist d. 

60th d. 


(^.) 

(ff-) 

(p.) 

(P-) 

(P.) 

Lcucino 

90.7 

39.2 . 

32.0 

14.4 

14.7 

iHolcucine 

62.9 

26.7 

22.5 

10.0 

12.2 

Valine 

78.5 

27.9 

23.7 

12.5 

10.7 

Phenylalanine 

47.6 

20.3 

14.3 

7.6 

7.1 

Arginine 

51.5 

14.8 • 

32.6 

8.2 

5.7 

Hiatidine 

28.9 

10.9 

10.1 


4.4 

Threonine 

61.2 

15.0 

14.4 

9.7 


Tryptophan 

Methionine 

23.7 

17.3 

5.5 

9.0 

5.4 

5.7 

3.8 

2.8 

2.3 

3.0 

Lysine 

72.4 

29.8 

21.7 

11.5 

10.6 


large quantities of the various amino acids during the first 24 hr. postpartum. 
The output of amino acids by the 60th day of lactation shows a marked drop 
over that of the first day of lactation and a further small but consistent decline 
by the 90th day. The data on the average daily intake of amino acids by the 
Jersey calves on the first and 60th days of lactation are shown in the same table. 
These data have been calculated on the basis that the calves ingested 1.6 hg. of 
colostrum during the first day postpartum and 4.1 kg. of milk on the 60th day. 
During the first few days of life the calf ingests relatively large quantities of 
amino acids. By the 60th day, the total amount of amino acids obtained from 
milk, alone did not differ markedly from that on the first day. It should be 
pointed out, however, that the calves were consuming appreciable amounts of 
dry feed at this age in addition to the milk, so the amino acid intake reported 
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in this paper only represents that obtained from the milk and ordinarily would 
be less than the total daily intake. 


SUMMARY 

The concentration of ten amino acids in bovine colostrum and milk has been 
determined. 

The colostrum collected within 1 hr. after parturition is higher in total pro- 
tein than the 24-hr. composite sample and thus contained larger amounts of the 
ten amino acids. The amino acid composition of the colostrum, based on total 
proteins, is similar. 

No essential difference was obtained in the amino acid composition of the 
proteins of milk collected at the 60th and 90th days of lactation. 

Data on the output of ten amino acids in colostrum and milk have been cal- 
culated and the approximate ingestion of these amino acids by the (*alf has 
been computed. 
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THE EFFECTS OF NORDIHYDROGUAIARETIC ACID, SALT AND 
TEMPERATURE OF STORAGE ON THE STABILITY OF FAT 
AND FAT-SOLUBLE VITAMINS IN CREAM AND BUTTERS 

VLADIMIB N. KRUKOV8KY, DI0NISI08 A. THEOKA8, 

FRANK WHITING and E. S. GUTHRIE 

WITH TECHNICAL A8SI8TANCE OF NAOMI YAGER and MARY ANN MATTUS 
Department of Dairy Industry, Cornell University, Ithaca, N. Y. 

In a recent paper (2) evidence was presented to show that the oxidized flavors 
in fresh milk are not associated with deterioration of fat but with the unstable 
lipids which are mostly a part of the stabilizing fat globule membrane. It has 
been pointed out, however, that the fat itself also may undergo deterioration in 
the presence of ascorbic acid, resulting in the development of metallic to fishy 
flavors and losses in vitamins A and E and carotenoids. The susceptibility of 
fat to this type of deterioration, as determined by the re-emulsifieation test (2), 
depends on the type of product, the temperature of pasteurization and the con- 
ditions of storage. Thus, from the biochemical point of view, at least two reac- 
tions which produce the oxidized flavors may be stimulated by the addition of 
as(torbic acid to milk products containing unstable fat. 

Furthermore, storage 'tests on cream and butter (2) also have indicated 
that the activity of an unknown plasma factor is responsible for the sensitization 
of fat to the foregoing type of deterioration and that its activity is reduced to a 
safe minimum only in butter churned from cream pasteurized at 76.6® 0. 

In this connection it also is of interest to note that most of the samples of 
fat obtained from market butters were found unstable by the re-emulsification 
test (4). Although some of the butters contained added salt, there neverthe- 
less was a possibility that the stability of fat was affected prematurely by the 
conditions of storage and to a lesser degree by the salt itself. A well-known 
factor, such as the exposure of butter to light, together with the transitional 
storage of butter at and above freezing temperatures, could have been the con- 
tributing factor. 

Both frozen cream and storage butter are used in the preparation of foods 
containing ascorbic acid and possibly other substances capable of interaction 
with the unstable lipids. This may result in the development of the objection- 
able flavors and losses in the fat-soluble vitamins. Consequently, studies were 
conducted to learn whether the activity of the plasma factor could be restrained 
by the addition of a fat soluble anti-oxidant to cream. 

Received for publication April 1, 1949. 

iThis paper reports research undertaken in cooperation with the Quartermaster Food 
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EXPERIMENTAL PROCEDURE 

Five lots of cream and two lots of butter were prepared from mixed morning 
milk obtained from the Cornell University herd. Two portions of milk were 
depleted of their total vitamin C content by adding 0.03 ml. of 30 per cent H208 
per 1. of milk and then pasteurized at 82.2 and 87.8® C., for 30 and 10 minutes, 
respectively ; two portions of milk containing 20 mg. of ascorbic acid per 1. were 
pasteurized at the same temperatures and retained as the controls. Nordihydro- 
guaiaretic acid (NDGA) anti-oxidant* was added as a propylene glycol solu- 
tion at the rate of 0.005 per cent of the milk fat to a third portion of a control 
milk containing ascorbic acid, prior to its pasteurization at 82.2® C, Creams 
then were obtained from these samples. 

The butter samples were churned from cream separated from milk pasteur- 
ized at 76.6® C. for 30 minutes. One part of butter was retained as a control, 
while the other had 2 per cent salt added.* ' 

The samples of cream were held in tightly sealed glass containers protected 
from the light. The butter samples were shaped in cylindrical forms and 
wrapped either directly in two thicknesses of tin foil (unsalted butter) or in 
two thicknesses of parchment paper first and then in tin foil (salted butter). 
The cream and butter then were held at -17.7 to -16.1® C. for 15, 40, 76, 107, 
137, 168, 198, 229 and 247 days. At the end of these periods of time, three 
samples from each lot of cream and butter were transferred to an incubator, the 
temperature of which was maintained at 0 to 1® C. and kept there for an addi- 
tional 10, 20 and 30 days prior to the stability test. The cream and butter 
samples then were scored for flavors, and the stability of fat obtained from 
these products was determined by the re-emulsification test (2). Throughout the 
duration of this test, the samples were protected from light. They were scored 
for flavors; then the gravity cream was churned, and the butter obtained was 
centrifuged and the fat was analyzed for its fat-soluble vitamin content. Vita- 
mins A and E and the carotenoid content of the fat were determined using Koehn 
and Sherman (1) and Quaife (8) methods, respectively. 

RESULTS 

Data on the effects of H 2 O 2 treatment and the anti-oxidant activity of NDGA 
in cream pasteurized at 82.2® C. are presented in table 1 and figures 1, 2, 3, 4, 
5, 6 and 7. Belated data on cream pasteurized at 87.8® G. are not included be- 
cause this temperature of pasteurization only slightly improved the stability of 
fat over that in cream pasteurized at 82.2® C. 

The flavor scores on the graphs (figures 1 to 7) are shown by broken and 
solid lines which indicate the points of the development of strong metallic to 
fishy flavors in reconstituted milks (re-emulsification test) containing ascorbic 
acid alone (broken line) and together with copper (solid line) during storage 
for 48 hours at 0 to 5® C. These lines occasionally are preceded by short dotted 
lines indicating low intensity metallic-to-fishy flavors. 

s Supplied by the Nerdigard Corporation, Chicago, Illinois. 

8 2232 BAA, sodium diloride crystal. 
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TABUB 1 

The effect of the eUmination of vitamin C in creami, of the anti-oxidant properties of nordi- 
hydrogtiaiaretio acid in cream containing ascorbic add and of 2% salt 
added to butter on the development of oxidized fmors. 


Flavor scores* of cream*> and its buttermilk after storage at 


Treatment 

and 

-17.7 to 
-16.1“ CJ. 



and then at 0 to 1® C. for 



pasteuri- 

zation 

0 d. 


10 d. 


20 d. 


30 d. 



cream 

cream 

buttermilk 

cream 

buttermilk 

cream buttermilk 

82.2“ 0. 
control 

(d.) 

15 


f 

2 

4 

4 

4 

4 

Ascorbic 

40 

- 

1 

1 

2 

3 

4 

4 

acid 

76 

- 

1 

1 

1 

4 

2 

3 


107 

- 

4 

4 

3 

4 

3 

4 


137 

- 

1 

3 

1 

2 

4 

4 


168 

- 

3 

4 

1 

4 

3 

4 


198 

1 

1 

3 

4 

4 

3 

4 


229 

2 

4 

4 

4 

4 

4 

4 


247 

2 

4 

4 

4 

4 

4 

4 


Samples of cream separated from NDGA- and HaOa -treated portions of 
milk, and the samples of salted and unsaltcd butter did not develop 
any objectionable flavors and retained their sweetness throughout the 
duration of the experiments. 

«- indicates no oxidized flavors detected; numbers 1 to 4 indicate increasing intensity 
of oxidized flavors detected. ^ 
b 56 per cent fat. 



Fio. 1. The effects of holding of cream with ascorbic acid and no added anti oxidant for 
15 to 247 days at -17.7 to -16.1" C. and then for the additional 10, 20 and 30 days at 0 to 
1** C. upon the development of oxidized flavors and the stability of tocopherols, as determined 
by the rO'emulsifleation test. 1, fat prior to re*emulsiflcation tost; II, fat from reconstituted 
milks containing 0.1 mg. of copper per 1.; Ill, 20 mg. of ascorbic acid per 1.; and IV, 0.1 
mg. cf^per and 20 mg. of ascorbic acid per 1. 
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Fio. 2. The stability of vitamin A in cream with ascorbic acid and no added anti oxidant 
as determined by the re-emulsification test. See figure 1 for identification of I, II, III ond IV. 



Fio. 3. The stability of carotenoids in cream with ascorbic acid and no added anti-oxi- 
daat as determined by the re-emnleifleation test. See figure 1 for the identification of I. H. in 
and IV. ’ ’ 
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Fig. 4. The effects of holding of cream depleted of the total vitamin 0 content for 
15 to 247 days at ~17.7 to -16.1* C. and then for the additional 10, 20 and 30 days at 0 to 1* 
C. upon the development of oxidized llavors and the stability of tocopherols as determined by 
the re-emulsification test. See figure 1 for identification of I, 11, III and IV. 



OATS AT -17.7 TO -I6.I*C. 

Fig. 5. The stability of vitamin A in cream depleted of the total vitamin C content as 
determined by the re*emulsification tost. See figure 1 for identification of I, II, III and IV. 




684 


VLADIMIR N. KBUKOVSKT £T AL. 



Fiq. 6. The stability of carotenoids in cream depleted of the total vitamin C content as 
determined by the ro emulsification test. See figure 1 for identification of I, II, ITT and IV. 



Fig. 7. The eifocts of holding of cream with ascorbic acid and added NDGA anti-oxi- 
dant for 15 to 247 days at —17.7 to —16.1® C. and then for the additional 10, 20 and 30 days 
at 0 to 1® C. upon the apparent increase of the tocopherol content of the fat, and the stability 
of tocopherols as determined by the re-emulsification test. See figure 1 for identification of 
I, II, III and IV. 

The data, of table 1 show that the depletion of cream of the total vitamin C 
content resulted in the prevention of oxidized flavors even when the cream was 
held at 0 to 1° C. after its transfer from sub-zero temperatures at the end of 
16 up to 247 days of storage. The oxidized flavors were promoted in the cream 
separated from milk containing ascorbic acid. Their appearance and intensity 
varied, however, with the time of storage of cream at sub-zero, and then at 0 to 
1“ C. These results again show as before (2) that ascorbic acid plays an im- 
portant part in the reaction which produces the oxidized flavors in cream. 

The flavor scores in table 1 also revealed that NDGA anti-oxidant was as ef- 
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fective in the prevention of the oxidized flavors as the depletion of cream of the 
total vitamin C content by the rapid oxidative method, thus confirming the 
findings of Stull et aL (6). However, data in table 1 and figures 1 and 4 show 
that, although the elimination of vitamin C in cream by hydrogen peroxide 
treatment has prevented the development of oxidized flavors, the stability of 
fat, as determined by the re-emulsification test, was improved but slightly over 
that of the fat in the corresponding control cream. In this ease the fat resisted 
deterioration for the additional 20 and 10 days only when the creams were held 
at 0 to 1° C. after their transfer from sub-zero temperatures at the end of 
storage for 15 and 40 days, respectively. As in the preceding studies (2), the 
susceptibility of fat to deterioration in the presence of ascorbic acid added to 
reconstituted milk manifested itself by the development of im^tallie-to-fishy 
flavors and losses in vitamins A and E and carotenoid content of the fat. 

The data in flguros 1, 2. 3, 4, 5 and 6 show that the promotion of oxidized 
flavors in the reconstituted milks containing ascorbic acid apparently was de- 
pendent on the stability of to(*oph(Tols and that the destruction of vitamin A 
and carotenoids follows that of the tocopherols. The oxidized flavors were not 
induced by copper alone in the rc(*onstituted milk containing unstable fat. It 
caused, however, some losses in the tocopherol content of the fat. The latter 
was reduced ai)preciably when a.scorbic acid acted as a catalyst alone and to- 
gether with copper. 

In contrast to the effects described above, the addition of NDGA to milk con- 
taining ascorbic acid resulted in the stabilization of cream against oxidized 
flavors and also in an apparent increase of the tocopherol content of the fat 
(fig. 7) and the stabilization of fat against deterioration in the presence of as- 
corbic acid. In this case neither the organoleptic changes nor the losses in the 
fat-soluble vitamins were detected, either prior to or after the re-(unulsification 
test when applied to the fat from storage cream during the experimental trial of 
277 days. Approximately 5 per cent of added NDOA was recovered in the fat 
churned from storage cream. This was verified by the Quaife (8) method of 
analysis for vitamin E, using NDGA glycol stock solution as a control. The re- 
emulsification test apparently removed the anti-oxidant from the fat, as evi- 
den(*cd by 20 to 40 per cent losses in the values for the vitamin E content of 
the fat. 

Finally, it is of interest to point out that the addition of 2 per cent salt to 
butter did not affect the stability of fat stored up to 247 days at - 17.7 to - 16.1° C. 
and then for the additional 30 days at 0 to 1® C. The stability of fat held in 
the form of butter could be attributed to the elimination of the plasma factor 
described in the introductory part of this paper and to the protection of butter 
against the effects of the exposures to light during the storage. 

DISCUSSION 

The primary consideration in the selection of nordihydroguaiaretic acid 
(NDQA) anti-oxidant as a stabilizing agent for the fat was its solubility in fat 
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as described by Lundberg et al (5) in their studies on the anti-oxidant prop- 
erties of the compound. Although the effectiveness of this anti-oxidant in 
frozen cream was demonstrated by Stull et al. (6), it remained to be seen 
whether the inhibition of oxidized flavors in the cream was brought about by 
the stabilization of fat or plasma phases or both. There was good reason to 
believe (3) that the fat soluble anti-oxidant might extend a protective influence 
not only to the fat but also to the unstable lipids which are a pArt of the fat 
globule stabilizing membrane and that the water-soluble anti-oxidant may not 
stabilize the fat by virtue of the fact that it is not soluble in fat. 

The data in flgure 7 were conclusive in showing that nordihydroguaiaretic 
acid added to milk prior to pasteurization and separation of cream had pene- 
trated the fat phase of the cream. This was evident from the apparent increase 
in the tocopherol content of the fat from approximately 2,000 to 3,200 y per 
100 g. of fat. Consequently, the stabilization of cream against the oxidized fla- 
vors associated with deterioration of the unstable lipids and that of the fat 
against the reaction responsible for the development of the metallic-to-fishy 
flavors and losses in the fat-soluble vitamins could be attributed to the anti- 
oxidant activity centered in the fat phase of the cream. The addition of NDGA 
to milk prevents the sensitization of the fat in cream to deterioration by a plasma 
factor. It is not possible to state at the present time whether the activity of the 
plasma factor also could be restrained by NDGA added to cream pasteurized at 
61.6® C. The observations of Stull et al. (7) concerning the promotion of oxidized 
flavors in samples of cream containing both copper and NDGA, but which were 
pasteurized at 65® G. suggest the possibility that the anti-oxidant might not 
stabilize the fat in cream heated to 61.6® C. However, the addition of the anti- 
oxidant from glycerol solution or water suspension to cream after the pasteuriza- 
tion treatment (7) makes it rather doubtful whether enough time was allowed 
for the diffusion of NDGA into the fat phase of the cream prior to the solidifica- 
tion of the fat. 

Since the stability of fat in butter was not as yet affected by the salt, sensiti- 
zation effect of the plasma factor probably could not be attributed to the plasma 
salts only. Possibly substances other than salts might have been responsible for 
the sensitization of fat to deterioration as determined by the re-emulsification 
test. 

It is not known whether the oxidized flavors in the reconstituted milks were 
associated with the formation of the new compounds resulting from the inter- 
action of ascorbic acid and the fat-soluble vitamins, or those from the interaction 
of ascorbic acid and the unstable fat. The data in table 1 and figures 4, 5 and 
6 (I) show, however, that in spite of the fact that the tocopherol content of the 
fat in cream depleted of the total vitamin C content diminished progressiyely 
with the time of storage at sub-zero and 0 to 1® C., the cream did not develop the 
oxidized flavors and the vitamin A and carotenoid content of the fat were not 
affected. 

The storage tests on cream and butter, as carried on in this study, were quite 
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similar to the storage conditions which may be encountered in the commercial 
and domestic handling of these products. The data suggest that the environ- 
mental conditions adopted for this study could be applied successfully in mea- 
suring the effectiveness of various anti-oxidants. 

CONCLUSIONS 

Nordihydroguaiaretic acid (NDGA), added to milk at the rate of 0.005 per 
cent of the fat, prior to pasteurization at 82.2° C. for 30 minutes and subsequent 
separation, was effective in preventing oxidized flavors in cream and in stabiliz- 
ing the fat and fat-soluble vitamins when the cream was held 30 days at 0 to 1° C. 
following storage for 15 to 247 days at -17.7 to -16.1° C. 

Nordihydroguaiaretic acid caused an apparent increase in the tocopherol con- 
tent of winter fat from approximately 2,000 to 3,200 y per 100 g. of fat, indi- 
cating a possibility that the anti-oxidant activity centered in the fat phase of the 
cream was largely responsible for the stabilization of cream. 

Depletion of the total vitamin C content of cream resulted in the prevention 
of the oxidized flavors for 247 plus 30 days at indicated temperatures and the fat 
became unstable after 30 days at 0 to 1° C. following storage for 40 days at sub- 
zero temperatures. In contrast to this, control cream containing ascorbic acid 
developed oxidized flavors during storage at both sub-zero and 0 to 1° C., and 
the fat became unstable after 20 days at 0 to 1° C. following storage for 15 days 
at sub-zero temperatures.' 

The fat in butter containing 2 per cent of added salt retained its stability 
for at least 247 days at sub-zero temperatures and then for the additional 30 
days at 0 to 1° C. 
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OCCURRENCE IN BLOOD PLASMA PROM CERTAIN DAIRY CALVES 
OP PACTORS THAT INTERPERB WITH THE COLOR REACTIONS 
OP ACTIVATED GLYCEROL DICHLOROHYDRIN WITH 
VITAMIN A AND CAROTENOIDS" 

B. S. ALLEN, G. H. WISE and N. L. JACOBSON 
Iowa State College ^ Ames 

The introduction of a new chemical method of assaying blood for vitamin A 
presents the problem of adaptation to different species and to the same species 
under different dietary conditions. Activated glycerol dichlorohydrin (GDI!), 
recently introduced by Sobel and Werbin (10, 11) as a colorimetric reagent that 
has certain advantages over the usual antimony trichloride reagent, has been used 
successfully for the measurements of vitamin A and carotene in the blood serum 
of human subjects (9) and of vitamin A in blood plasma of dairy cows (12). 

Abnormally low vitamin A values occasionally were observed in the plasma 
of certain calves in the Iowa State College dairj" herd when the Kimble procedure 
(5) was used for extracting vitamin A and carotenoids and GDH was employed 
as the colorimetric reagent. In view of factors affecting the vitamin A color 
reaction with antimony trichloride (2, 3, 6, 7, 8), it was postulated that the 
aforementioned low values were due to the presence of some substance or sub- 
stances that interfere with the color reaction with GDH. Although this difficulty 
has not been reported for blood plasma. Wall and Kelley (13) found that pe- 
troleum ether extracts of fortified poultry mashes contained substances that sup- 
press the GDH-vitamin A color development. 

The primary objective of this study was to modify the recommended GDII 
procedure to overcome the difficulties occasionally encountered in vitamin A 
analysis of blood plasma from dairy calves. 

EXPERIMENTAL 

Analytical methods. Since saponification of blood serum has been used as a 
means of counteracting the effects of inhibitors of the antimony trichloride-vita- 
min A reaction (1, 8), the logical step was to compare saponification and non- 
saponification using GDH as the colorimetric reagent for vitamin A and carotene. 
The detailed methods, employing the Beckman spectrophotometer for colorimetric 
readings, were as follows : 

a. Nonsaponification method. The method of extracting calf blood plasma 
was essentially the same as that of Kimble (5). Nine ml. of blood plasma* were 
pipetted into a 50-ml. glass-stoppered centrifuge tube to which were added 9 ml. 
of 95 per cent ethanol and 21.6 ml. of redistilled Skellysolve A. The tube was 
stoppered and shaken by end-over-end inversion at the rate of 100 times per 

Beeeived for publication April 2, 1949. 

1 Journal paper no. 1630 of the Iowa Agricultural Experiment Station. Project no. 814. 

2 Since samplee of calf plasma often contain relatively small quantities of vitamin A and 
carotene, the quantity was increased to 9 ml. to improve the accuracy of the analyses. 
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minute for 10 minutes. Subsequently, the tube was centrifuged at low speed 
for approximately 30 seconds to obtain a clear supernatant layer of Skellysolve 
A extract, 18 ml. of which then were transferred to another 50-ml. centrifuge tube. 

The solvent was evaporated by warming the tube in a water bath at 45 to 55® 
C. ; when most of the solvent had been removed, a stream of nitrogen was passed 
over the extract until evaporation was completed. The tube was stoppered and 
cooled to room temperature after which 1.0 ml. of redistilled II.S.P. chloroform 
(dried over anhydrous Na 2 S 04 ) was added to dissolve the dried extract. Four 
ml. of GDH were added and mixed thoroughly with the chloroform solution. 

Approximately 3 ml. of the resulting solution were poured into a 1-cm. Beck- 
man Corex cell for the determination of the optical density of the colors resulting 
from the interactions of the vitamin A and the carotenoids with GDIl . The optical 
density measurements were made in a Beckman model DU spectrophotometer with 
the slit width set at 0.065 mm. Two minutes after the addition of GDH, readings 
were made at a wave length of 555 m/i for vitamin A and 4 minutes after the ad- 
dition, at 950 iiifi for carotenoids. The instrument was set at 100 per cent trans- 
mission, using a solution containing 4 ml. of GDI! and 1 ml. of chloroform. 

The Beckman spectrophotometer was standardized at 555 m/x using U.S.P. 
Vitamin A Reference Standard (crystalline vitamin A acetate in cottonseed oil) 
and at 555 and 950 m/i, using crystalline ^-caroteiie^ according to the method of 
Sobel and Snow (9). 

The carotenoid determination at 830 mfi with GDI! is reported to be equally 
as sensitive as the usual method of determination in the Skellysolve A extract at 
440m/i (9). Preliminary observations revealed that the sensitivity of the meas- 
urement of carotene with GDI! as the colorimetric reagent steadily increased be- 
tween 800 and 1000 ni/x. In view of these findings and in order to increase the 
sensitivity of carotene measurements in calf blood plasma, a wave length of 
950 uifi w^as selected. Carotenoid values in calf plasma measured at 440 mp. in 
Skellysolve A extract were in agreement with those measured at 950 m/x using 
GDH as the clorimetric reagent, but the latter procedure is more convenient when 
the Beckman spectrophotometer is employed. 

h. Saponification method. This procedure was essentially the same as the 
foregoing except that 9 ml. of freshly prepared 1 N KOH in 95 per cent ethanol 
were substituted for 9 ml. of 95 per cent ethanol. Although the use of 1 N KOH in 
90 per cent etiianol has been recommended for saponification of human serum 
(1, 9), preliminary observations indicated that 1 V KOH in 95 per cent 
ethanol was a satisfactory solution for saponification of (*alf plasma. After the 
addition of the alcoholic* KOH, the tube was stoppered and the contents were 
mixed thoroughly. The stopper was loosened and the tube was placed into a 
60® C. water bath for 20 minutes. The plasma thus saponified was cooled to room 
temperature and 21.6 ml. of redistilled Skellysolve A were added. These steps in 
the saponification were essentially the same as those described by Sobel and Snow 
(9). Subsequent steps were the same as described in the nonsaponification 

3 Obtained from General Bioehemicale, Inc., Chagrin Falls, Ohio. 
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method. No significant differences ^yere observed when aldehyde-free 95 per cent 
alcohol was substituted for U.S.P. alcohol in the saponification procedure. Blank 
runs were negative. 

Validity of procedures. Internal standards were used as a means of estimat- 
ing the accuracy of the respective analytical procedures and of ascertaining 
whether the difficulty was due to inefficient extraction or to the presence of a sup- 
pressing agent. These standards were prepared at frequent intervals by dis- 
solving, respectively, known quantities of U.S.P. Vitamin A Beference Standard 
and crystalline )8-carotene in redistilled U.S.P. chloroform. One ml. of standard 
solution was substituted for the chloroform in the foregoing procedures. The 
dried extracts of both saponified and nonsaponified plasma samples were dissolved 
in the internal standard solution and then analyzed for the total vitamin A and 
carotenoid content. 

Blood samples. Venous blood samples were drawn from calves of various ages 
and on several different diets. The plasma was separated by centrifugation of 
oxalated blood, and most analyses were made within 48 hours after collection. 

RESULTS AND DISCUSSION 

Effect of color suppression on accuracy of the procedures. The results from 
the use of vitamin A internal standards in the analysis of calf plasma are sum- 
marized in table 1. The recovery of added vitamin A in the nonsaponified plasma 

TABLE 1 


Recovery hy the GDB method of known amounts of vitamin A added to extracts of rionsaponified 
and of saponified blood plasma from calves 




Nonsaponified 


Saponified 


Calf 


Internal 

standard 


Internal 

standard 

no. 

Original 



Original 










Added 

Recovered 


Added 

Recovered 


(y/100 ml) 

(%) 

iy/100 ml,) 

{%) 

3129 

21.2 

62.8 

56.4 

21.0 

62.8 

99.4 

3140 

5.8 

32.4 

16.7 

25.1 

32.4 

95.4 

3142 

21.0 

62.8 

60.2 

21.8 

62.8 

99.2 

3148 

20.3 

30.1 

94.7 

21.8 

30.1 

100.7 

3151» 

0.8 

68.0 

0.6 

17.2 

68.0 

89.9 

3151i» 

0.1 

33.9 

10.6 

15.7 

33.9 

96.2 

3152 

14.5 

33.8 

85.8 

16.4 

33.8 

93.8 

3156 

1.3 

32.7 

15.9 

8.4 

32.7 

87.3 

3160 

18.6 

32.4 

79.3 

20.7 

32.4 

105.6 

3167 

9.7 

31.4 

65.6 

13.0 

31.4 

91.4 

3168 

1.0 

31.4 

9.2 

8.5 

31.4 

90.1 

Pooledc 

13.1 

23.9 

68.2 

14.9 

23.9 

89.1 


» Sample collected 1/13/49. 
b Sample collected 1/18/49. 
c Samples from several calves. 


ranged from 0.6 to 94.7 per eent while that in the saponified samples varied from 
87.3 to 105.6 per cent As a matter of convenience, the quantities of vitamin A 
added were not standardized; this, however, does not vitiate the comparative re> 
suits from nonsaponification and saponification. In all instances, tiie reeoverjr of 
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added internal standards was better from the latter than from the former on the 
same sample of plasma, thus indicating that the abnormally low values occasionally 
noted in calf blood plasma probably were due more to suppressing agents than to 
incomplete extraction of vitamin A. 

Preliminary experiments indicated that the recovery of j9-carotene added 
to the extracts of saponified blood plasma was better than from nonsaponified 
plasma. It is possible that the initial level of carotenoids and/or dietary factors 
other than the carotenoid intake may be involved. 

In accord with observations from the use of antimony trichloride reagent (8), 
color development with GDH in certain nonsaponified samples was slow. The 
maximum absorptions at 555 mfi and at 950 m^t* were not attained until 4 to 8 min- 
utes and 8 to 10 minutes, respectively, after addition of the GDH. These absorp- 
tion maxima after the protracted times were not so great as those obtained when 
the samples were saponified and measured at the prescribed periods, 2 and 4 
minutes, respectively. Apparently substances having a depressing effect on the 
rate as well as on the extent of color development with vitamin A and with caro- 
tene were present. 

Although the chemical nature of the inhibitory constituents of the blood 
plasma of calves has not been determined, these factors may be the same as or 
similar to the lipidelike substances (8) interfering with the antimony trichloride- 
vitamin A color reaction. 

The wide range of recovery of added vitamin A indicates considerable varia- 
bility in the quantity of inhibitors present. In half of the samples, recoveries 
of internal standards from extracts of saponified plasmas were less than 95 per 
cent, suggesting that this treatment did not counteract or remove completely 
the color inhibitors. It is possible that the time and/or temperature employed 
in saponification may be adjusted to overcome completely the color suppression. 
The consistently higher percentage recoveries affected by the present saponifica- 
tion procedure render it preferable to the usual nonsaponification method. 

Factors possibly related to the suppression of color development. Among 
several factors that may be related to the presence of factors interfering with 
color development, diet seemed to warrant consideration. With this in view 
several dietary groups were studied. The analytical results presented in table 2 
indicate that the greatest degree of suppression of the vitamin A color reaction 
was in calves of group I, which received whole milk daily and 100,000 I.XT. of 
either carotene or vitamin A per 100 lb. body weight at bi-weekly intervals. 
Saponification effected an increase not only in vitamin A values but also in the 
carotenoid concentrations, the former being more marked than the latter. The 
color inhibition varied with different individuals; calf 3151 consistently had 
lower vitamin A levels than other calves when the plasma was not saponified. In 
another experiment blood samples were drawn from this subject at 3-hour inter- 
vals over a 16-hour period following the administration of 100,000 I.U. of na- 
tural ester vitamin A per 100 lb. body weight. When the nonsaponification pro- 
cedure was used, no vitamin A was detected in the blood plasma, but when 
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Baponiflcation was employed, the vijamin A levels in the sequential collections 
were 17.2, 18.5, 22.7, 29.2, 23.1 and 19.3 y per 100 ml. plasma. 

The diets of the calves in group II included hay, hence the high carotenoid 
levels. These values were affected to a greater extent by saponification than 

TABLE 2 

Vitamin A and carotenoids, as determined ly the GDH method, in nonsaponifled and in saponi- 
fled samples of blood plasma from calves receiving various diets 


Vitamin A 


Carotenoids 


Dietary group 

Calf no. — 

Nonsaponifled 

Saponified Nonsaponifled 

Saponified 

I 

Whole milk with oc- 
casional vitamin A or 
carotene supplement 

3151* 

3151* 

3161* 

3156 

3167 

3168 

0.0 

0.1 

0.8 

1.3 

9.7 

1.0 

(y/JOO ml.) 
14.5 

15.7 

17.2 

8.4 

13.0 

8.5 

15.1 

11.2 

15.0 

8.7 

10.5 

9.4 

18.0 

13.5 

19.4 
10.9 

12.5 
12.4 

II 

Reconstituted butter- 
milk, hay and concen- 
trate mixture 

3129 

3140 

3142 

3148 

3152 

3160 

21.2 

5.8 

21.0 

20.3 

14.5 

18.6 

21.0 

25.1 

21.8 

21.8 

36.4 

20.7 

75.3 

88.9 

94.0 

35.4 

32.3 

54.7 

80.1 

113.2 

108.8 

38.6 

40.5 

64.8 

III 

Concentrate mixture 
plus daily supplement 
of 5,000 I.U. caro- 
tene/100 lb. body wt. 

2991 

2994 

3007** 

3007b 

3007b 

5.2 

7.2 

10.2 

7.8 

5.1 

5.1 

8.2 

9.9 

7.8 

5.5 

37.8 

21.3 

46.5 

35.1 

31.8 

39.1 

21.2 

45.3 

33.3 
34.9 

rv 






Concentrate mixture 

2991b 

35.2 

35.5 

21.2 

22.8 

plus daily supplement 

2991b 

45.4 « 

42.5 

13.6 

14.2 

of 10,000 I.IJ. vita- 
min A/100 lb. body 
wt. 

2994b 

44.3 

50.4 

21.3 

20.3 

2994b 

62.4 

65.3 

17.3 

16.4 


• Three samples drawn over a 6-week period, 
b Samples t^en at weekly intervals. 


were those for vitamin A. Calf 3140, however, was a notable exception, thus 
further emphasizing the role of individuality. 

The differences in vitamin A and in carotenoid levels found by the two chem- 
ical methods were insignificant in groups 111 and IV, thus indicating little or no 
action of inhibitors on color development. Although the experimental subjects 
of these two groups were older than those of the other groups, it is improbable 
that age per $e was related to group differences in color suppression. 

The foregoing results suggest that dietary constituents may be important 
factors relating to the presence of inhibitory substances in calf blood plasma. 
Inasmuch as milk was common to all calves in which the color suppression was 
noted, it seems possible that this dietary constituent may be an etiological factor. 
However, in view of the limited observations and the possible interrelationship 
of other factors, the present data can be considered merely as indicative. 
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The data from group I suggest the possibility that occasional administration 
of massive amounts of certain types of concentrates of vitamin A and/or carotene 
intensifies the suppression effect. 

If diet affects the presence or activity of inhibitors, this may account for some 
of the reported irregularities of vitamin A levels in calf blood. Jacobson and 
Thomas (4) found a decided increase in the plasma vitamin A level when calves 
that had received massive amounts of vitamin A daily were placed on a defi- 
ciency diet. 

It should be emphasized that individual metabolic idiosyncrasies seem to play 
a more pronounced role than other factors that have been considered. The re- 
sults presented herein point to the need for further exploration of the factors 
affecting the apparent concentrations of vitamin A and carotene in the blood 
of calves. 

SUMMARY 

Samples of blood plasma from calves were analyzed for vitamin A and caro- 
tenoids by saponification and by nonsaponification methods using activated gly- 
cerol dichlorohydrin (GDH) as the colorimetric reagent. 

The accuracy of analysis, as measured by the use of internal standards, was 
increased by saponification of plasma. 

Low vitamin A values occasionally found by the nonsaponification method 
are attributed primarily to the presence of inhibitors of color reactions. 

Color suppressing factors apparently contributed to the low carotenoid levels 
found in some nonsaponified samples of calf blood plasma. 

Although a marked variability among individual calves was noted, there ap- 
pears to be a possible relationship between diet and the presence of color inhibi- 
tors in blood plasma. 

Since there is no known method of predicting the presence of substances that 
suppress the color reactions, it is recommended that all calf blood plasma samples 
be analyzed by the saponification method when GDII is used as the colorimetric 
reagent. 
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Ml Body of Cultured Cream. E. S. Guthrie, 
Cornell University. 

Pasteurization temperatures near 165° F., with 
a holding period of 30 min., gave the .smoothest, 
driest, and mo.st viscous body in the hnal product. 
Homogenization pressures of approximately 3,000 
lb. to the in.'-* resulted in the smoothest, driest and 
most viscous body when homogenized in a single 
stage. Rehomogenizing at pasteurization temper- 
atures, or a few degrees below, incrca.sed the firm- 
ness, dryness and viscosity of the body. A total 
of 5,000 or 6,000 lb. prc.ssurc to the in.® in both 
stages apparently was the limit. Above those 
pre.s$ures the cultured cream was grainy and 
showed some whey. 

The use of rennet made a firmcf and more vis- 
cous body than when rennet was not employed. 
Its adaptability is limited by regulations of 
boards of health. 

M2 The Anti-oxidant Properties of Nordihydro- 
guaiaretic Add in Cream. V. N. Krukov- 
sKY, D. A. Theokas, and F, a. Whiting, 
Cornell University. 

Storage tests on frozen cream and butter indi- 
cated that apparently the activity of an as yet 
unknown plasma factor was responsible for the 
sensitization of fat to deterioration which, in the 
presence of ascorbic acid, manifests itself by the 
development of metallic-to-fishy flavors and 
losses in content of vitamins A and £ in the fat. 
Experiments were performed, therefore, to learn 
whether the addition of the fat-soluble anti-oxi- 
dant nordihydroguaiaretic acid (NDGA), to 
cream would result in the stabilization of fat 
against the foregoing type of deterioration, under 
the environmental conditions which render fat 
unstable in a comparatively short time. NDGA 
was added at the rate of 0.005% of the bulk fat 
to milk prior to pasteurization at 82.2® C. for 30 
min. and separation. The stability of fat was de- 
termined in cream held up to 30 d. at 0 to 1® C. 
following its storage for 15 to 247 d. at sub-zero 
temperatures, using the re-emulsification test. 


NDGA anti-oxidant was effective both in pre- 
venting the oxidized flavors in cream, and in the 
stabilization of fat and the fat-solubie vitamins 
during .storage for 247 + 30 d. NDGA also 
caused an apparent increase in the tocopherol 
content from approximately 2,000 7 (winter fat) 
to 3,200 7 per 100 g. of fat, suggesting a possibil- 
ity that the anti-oxidant activity centered in the 
fat phase of the cream was responsible largely for 
its stabilization. In contrast to this, the oxidized 
flavors were promoted in the control cream after 
10 d., and the fat became unstable after 20 d. at 
0 to 1 ° C., following storage for 15 d. at sub-zero 
temperatures. 

M3 The Relation Between The Degree of Sol- 
idification of Fat in Cream and Its Churn- 
ing Time. J. R. Brunner, Michigan State 
College, AND E. L. Jack, University of Cali- 
fornia. 

The degree of solidification of the fat in cream 
at the time of churning is measured by a thermal 
method {J.D.S., 26: 169. 1943). Experimental 
results seem to indicate that the portion of fat 
.solidified in creams that chum in 40 to 45 min. 
range from 20 to 35% in creams cooled from the 
temperature of pasteurization to the churning 
temperature and from 55 to 65% for creams held 
cold and then warmed to the churning tempera- 
ture. In general the fat losses in the buttermilk 
were greater when the first cooling procedure was 
used, whereas the employment of the second cool- 
ing procedure resulted in the production of butter 
with a tendency toward crumbly body defect. 

M4 The Stability to Drying of Added Vitamin 
A to Spray Dried Milk. F. C. Olson, 
G. W. Gruber, R. Kozlik, and K. Brown, 
Maple Island Farm, Inc. Stillwater, Minn. 

Vitamin A ester concentrate was added to milk 
before drying in concentrations of 750 to 20,000 
U.S.P. units/g. of dry powder. Vitamin A wa.s 
determined by the glyceryl dichlorhydrin method 
on the condensed milk and dry powder. When 
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an emulsifier is added to the vitamin A oil so as 
to mix the vitamin A thoroughly, there, is no loss 
of Vitamin A in drying. 

M5 The Effect of Variations in Acidity on the 
Keeping Quality «ji Dried Milk. G. R. 
Greenbank and P. a. Wright, Bureau of 
Dairy Industry, USDA. 

Theoretically the natural antioxidants in milk 
may be regenerated by the addition of a proton 
after they have become inactive or reduced in 
activity. The protons may be supplied by acids. 
Lactic acid was used in these experiments and 
was added to the raw milk before processing. 
The control sample was processed in the same 
manner, but the milk was not acidified. The 
maximum pH that will increase the keeping qual- 
ity of the dried milk is being studied. The de- 
crease in pH necessary to promote better keeping 
quality is not detectable by the average person. 
The acidified samples had better keeping quality. 

Evacuation of container and release of vacuum 
with nitrogen, evacuation and release with CO,, 
canned samples held under high pressure of CO,, 
pressure being released before closing the cans 
and cans held under pressure of CO, and then 
evacuated and the vacuum released with nitrogen 
have been compared. Those samples packed by 
the third method had much better keeping qual- 
ity than the others. This may be the result of 
the action of CO, as an acid or the decrease of 
partial pressure of oxygen in the fat. The exact 
cause is being studied. 

M6 A Method of Measuring Ice Crystal and 
Air Cell Size of Ice Cream by Microscopical 
Examination. L. F. Blanton and W. S. 
Arbuckle, North Carolina State College. 

A rapid, accurate method for measuring ice 
crystal and air cell size of ice cream has been de- 
veloped. The method involves the embedding of 
thin sections of ice cream in an oil with a refrac- 
tive index of 1.420 and examining microscopi- 
cally at - 15^ F. at a magnification of 100 times. 
The microscopic field is projected on a ground 
glass screen and measurements of the length and 
width of air cells and ice crystals are taken with 
a millimeter scale and converted to microns. 
Statistical analysis has been made on the data 
taken from a number of similar mixes frozen on 
three different freezers and an experimental de- 
sign for measurement studies is proposed. 

M7 The Use of Whey in Sherbets.^ F. £. Pot- 
ter AND D. H, Williams, Bureau of Dairy 
Industry, USDA. 

Swiss, Cheddar and cottage cheese whey, as 
well as swe^ened and plain condensed Swiss or 


Cheddar whey, and dehydrated whey were used 
in sherbets. Sherbets from concentrated wheys 
were made to contain 5 per cent whey solids, and 
the addition of sugar, stabilizer and flavor pro- 
duced a sherbet containing 4.25 per cent whey 
solids. 

The sherbets could be frozen to any desired 
overrun on the continuous freezer, but with the 
batch freezer overruns greater than 70 per cent 
were obtained before the sherbet was frozen prop- 
erly. Removal of a major fraction of the protein 
through heat coagulation did not materially alter 
whipping properties. Addition of more than 
0.6% fat to the whey sherbet formula reduced 
the overrun to less than 50% when frozen on the 
batch freezer. The homogenization of whey 
sherbets containing fat increased the overrun. 

Sherbets from cottage cheese whey had an ac- 
ceptable titratable acidity of 0.35% but sherbets 
from low acid whey had approximately the same 
titratable acidity as milk sherbets and therefore 
required the addition of citric acid. 

Sherbets of 1 or 2 per cent butterfat and 5 per 
cent whey solids could not be distinguished con- 
sistently from ice cream mix sherbets when whey 
of a good quality was used. The whey sherbets 
were more refreshing than the sherbets from icc 
cream mix. 

M8 The Effect of Some Emulsifying Agents on 
the Physical-Chemical Properties of Ice 
Cream. J. J. Sheuring, University of 
Georgia, Athens, H. Pyenson and P. H. 
Tracy, University of Illinois. 

A standard mix was prepared, frozen in a 40- 
quart batch freezer, packaged in pint paper car- 
tons and stored at - 15 and 5° F. One set of 
samples was heat-shocked by placing them at 
40® F. for 0.5-hr. periods weekly for 4 weeks 
and then returning to the storage cabinet each 
time. Sorbitan monostearate, glycerol mono- 
stearate and a mannitol ester of stearin were 
studied with and without the use of gelatin as a 
stabilizer. 

In the amounts used in ice cream, the emubi- 
fying agents were not detected by modified Bab- 
cock procedures but were detect^ in most cases 
by ether extraction methods. They have no pre- 
servative action, produce no marked differences 
in pH, acidity and vucosity in ice cream mixes 
when used alone or in combination with gelatin. 
Heat-shocking of samples containing emubifying 
agents and staring at elevated temperatures (5® 
F.) reduced body and texture scores to about the 
same degree. The emubifying agents did not 
offer any protection against heat^rimking. 

*Thb woA was done with lands from te 
Agricultural SUseaich and Markedag Act of tM# 
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M9 Some Factors Influencing Shrinkage in Ice 
Cream. J. J, Sheurino, University of 
Georgia. 

This study was undertaken to investigate the 
effect of air cell size, ice crystal structure, protein 
destabilization, external and internal pressures, 
temperatures of storage and ice cream porosity 
upon shrinkage. Although the study is not com- 
plete, the following information has been ob- 
tained; (a) ice cream shrinkage is not due to 
decrease in air cell size due to lowering tempera- 
tures, (b) porous ice cream does not shrink as 
much as a non-porous product, (c) shrinkage 
probably is caused by collapse of air cells due to 
changes in external pressure and (d) the internal 
pressure of ice cream does not change noticeably 
during the hardening process. 

MIO The Manufacture of **Gultured** Ice 
Cream. W. H. E. Reid, J. H. Gholson, 
C. B. Ao££, and R. M. Hangkel, Missouri 
Agricultural Experiment Station, Columbia. 

Variable amounts of dehydrated culture do not 
present special problems in calculating, process- 
ing, freezing of the mix or hardening of the ice 
cream. The distinctive cultured flavor becomes 
more pronounced with increased amounts of the 
dehydrated culture. With increa^d increments 
of the dehydrated culture, the body becomes 
more smooth and mellow, the texture becomes 
proportionally closer and the resistance to melt- 
ing greater. Three per cent of culture seems to 
be most desirable to the majority of the con- 
sumers, 5% resulting in a slight powdery feel in 
the mouth and a cultured flavor which may be 
too pronounced for some consumers. The result- 
ant ice cream shows slight excessive stability and 
has a tendency to be brittle. As the percentage 
of butterfat is increased, the cultured flavor tends 
to be submerged. 

The general trend, when increasing the amount 
of dehydrated culture in vanilla ice cream, was 
an increase in the stability of the ice cream with 
increased increments of dehydrated culture. By 
replacing one-third of the sucrose with dextrose 
the ice cream has a smoother and more desirable 
melt-down. When the total solids are increased 
by increasing the serum solids and using 3% de- 
hydrated culture as serum solids the stability de- 
creases. If the total solids are increased by using 
a higher butterfat content and 3% dehydrated 
culture as serum solids, the stability of the ice 
cream increases. 

Mil UtflixatifM of Ddiydnted 

Ice Creams and Sheihets. J. H. Gqouion, 
W. H, £. Reid, R. J. Babnbtt, and R. M. 


Hanckel, Missouri Agricultural Experiment 
Station, Columbia. 

Dehydrated spray process whey solids may be 
used in different flavored icc creams and sherbets 
without altering the processing, freezing or hard- 
ening procedure commonly applied in commer- 
cial ice cream plants. As much as 90% of the 
serum solids may consist of dehydrated spray 
process whey solids in the manufacture of ire 
creams and sherbets possessing a desirable flavor, 
body, texture and melt-down. Ninety per cent of 
.serum solids in chocolate and strawberry icc 
creams also may consist of whey solids. Pine- 
apple, orange and raspberry sherbets containing 
as much as 90% whey solids were very desirable 
in every respect. 

The stability of flavored icc cream increases up 
to the point where 70% of the scrum solids con- 
sisted of whey solids from spray process whey 
powder; 90% whey solids, tends to reriuce sta- 
bility again. 

M12 The Relative Sweetness of Certain Corn 
Sweeteners in Ice Cream. L. D. Hilker, 
National Dairy Research Laboratories Inc. 

Differences in the sw'cctness of the corn sweet- 
eners u.sed with sucrose in ige cream are recorded 
by a taste panel with the relative sweetness in 
descending order as follows: Ccrelosc, Sweetose, 
Hi-De and Frodex. Conditions which promote 
a high sweetness index of the com sweeteners in 
icc cream arc low percentage of corn sweetener, 
high ratio of sucrose to corn sweetener and high 
total sw’cctness. Selection of the panel, presen- 
tation to the panel of samples for comparison and 
evaluation of panel data are discussed. Tables 
suitable for use by ice cream manufacturers are 
given which show the amount of corn sweetener 
required to replace 15, 20 and 25% of the sweet- 
ness of ice cream having a total .swTctness, as 
sucrose equivalent, of 15, 15.5, 16, 16.5 and 17%. 

Ml 3 The Sizes of the Colloidal Protein Parti- 
cles of Skim Milk. T. F. Ford and G. A. 
Ramsdell, Bureau of Dairy Industry, USDA. 

Sedimentation analyses of skim milk, made by 
using the laboratory rentrifuge and the McBain 
air-driven ultracentrifuge, show that there arc a 
limited number of different sizes of colloidal or 
acid-precipitable protein particles in skim milk. 
Tliesc sizes are definite, occur in two separate 
size ranges, and in each range the specific sizes 
are multiples of a unit. The particles are highly 
solvated, and the data indicate that all are spheri- 
cal in shape. Although the specific sizes are defi- 
nite, the distribution of sizes varies widely be- 
tween milk samples, and is altered readily by 
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treatment. The particles in the two size ranges 
appear to represent two separate chemical enti- 
ties, differing principally in phosphorus content. 
The diameter of the unit particle of the compon- 
ent present in the laigest amount is about 640 A. 
The gram particle weight of this solvated unit is 
about 94 million. The apparent molecular weight 
of the dry protein frame work is 33 million. The 
dominant particle in normal skim milk is com- 
posed of 16 of these units. 

Calcium and casein nitrogen arc removed to- 
gether at the same rate as the colloids arc re- 
moved from skim milk by centrifuging. This 
observation, combined with analyses of the sepa- 
rated colloids previously reported, leads to the 
conclusion that casein exists in milk as a calcium 
caseinate-calcium phosphate complex. If there 
is any concomitant free colloidal calcium phos- 
phate, it is present in very small amount. 

M14 Determination of Reducing Groups in 
Proteins and in Milk with O-iodosobenzoate. 
B. Larson and R. Jen ness, Minnesota Agri- 
cultural Experiment Station. 

A modification of Hellerman*s (J. Am. Chem. 
Soc 63: 2551. 1941) iodosobenzoate titration 

method for sulfhydryl groups in proteins has been 
developed. O-iodosobenzoate is added to a solu- 
tion of the sample and after allowing 2 min. for 
reaction to occur, the solution is acidified and K1 
is added. The excess unreduced o-iodosobenzoate 
liberates iodine from the iodide and this can be 
titrated with thiosulfate. In Hellerman’s original 
method starch indicator was used to detect the 
end point of the titration. This is subject to con- 
siderable error, particularly in titrating very di- 
lute or opaque systems, because the end point is 
not sharp. Furthermore, proteins may adsorb or 
react with a considerable amount of the iodine 
liberated. In the present modification these diffi- 
culties are eliminated by an electrometric determ- 
ination of the end point, whicJi combines some 
of the features of **dead-stop” and amperometric 
titrations. The method has been applied to study 
of the sulfhydryl groups in proteins, including 
those of millq and to determination of the effects 
of heat on some of the reducing substances of 
milk. 

M15 Isolation of Minor Organic Compounds 
From Healed Milk. S. Patton and D. G. 
Keeney, Pennsylvania State College. 

Skim milk was heated to 122^ C. for 60 min. 
Procedures used to remove, purify and concen- 
trate minor organic substances included combina- 
tions of the following: addition of inorganic sol- 
ute, solvent extraction steam distillation, and 


normal and reduced pressure distillation. Data 
obtained concerning melting and boiling points, 
melting points of prepared derivatives, solubility 
characteristics, qualitative tests, etc., indicate the 
following types of compounds to be present in 
heated skim milk: (a) acids of the aliphatic 
series, such as acetic and butyric, (b) carbonyl 
acids, (c) sulfur-containing acids (nonamino), 
(d) mono and dicarbonyl compounds and (c) 
furan compounds. The specific identity of these 
components is being studied, the data being se- 
cured by the preparation of various crystalline 
derivatives. 

M16 Milk Surfaces. II. Surface Tension 
Changes in Relation to Some Treatments of 
Milk. C. H. Whitnah and W. H. Chilson, 
Kansas Agricultural Experiment Station, 
Manhattan. 

A sample of freshly pasteurized milk was di- 
vided into three parts. Part 1 was not modified. 
Vitamin C was added to part 2. Copper sulfate 
was added to part 3. Immediately l^fore study- 
ing the surface tension some of part 2 was ho- 
mogenized in a hand homogenizer. 

Surface tension then w'as measured on each of 
4 samples at temperatures of 15, 20, 30 and 40® 
C. Another part of each sample then was diluted 
with water to 0.01% milk and to 0.001% milk. 
The time change of surface tension was measured 
at 25® C. These mea.surements were made after 
storage of 0, 2, 3, 4 and 8 days and on samples of 
fresh milk taken weekly beginning Feb. 7, 1949. 

In all these samples of milk the temperature 
coefficient of surface tension was greater than 
previously reported for summer milk at Denver. 
Average temperature coefficient values were 
slightly less affer addition of vitamin C and usu- 
ally slightly more after addition of copper. These 
last two differences were of very doubtful sig- 
nificance. 

For the diluted samples the differences in in- 
duction time before the first fall and in the rate 
of fall varied greatly. These variations are not 
related simply to the treatment of the milk nor to 
the age of the treated sample. 

M17 Turbidity as a Meaits for Detcrmiidiig die 
Effidency of Homogenizatiim U. S. Ash- 
worth, State College of Wadiington. 

When 1 ml. of whole milk is treated with 5 ml. 
of 5N NH4OH and diluted with 244 ml. water at 
50 to 55® C., the resulting turbidity as measured 
30 min. later in a photoelectric colorimeter is 
proportional to the size of the fat globules and 
the concentration of fat When the fat cemtent 
is known, the proportionality constant K, rdatb^; 
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to the size of the fat globules, can be calculated 
by dividing the photometric density by the final 
concentration of fat in mg./ml. This value for 
K has been shown to be proportional to the per> 
centage of homogenized milk added to unho- 
mogenized milk. When the Evelyn colorimeter 
is used to measure the turbidity, unhomogenized 
milk gives a K value of 1.1, while properly ho- 
mogenized milk gives a value for K of 2.3. There 
is a close correlation between the homogenization 
pressure used and the turbidity, also between the 
U.S.P.H.S. cream rising index and the value for 
K, 

M18 The Instability of Ascorbic Acid in Water, 
with Added Ck>pper or Hydrogen Peroxide 
or Both.' R. W. Bell and T. J. Mucha, 
Bureau of Dairy Industry, USDA. 

The effect of different factors, particularly the 
source of the water, on the stability of ascorbic 
acid solutions was investigated. Water may con- 
tain impurities that accelerate the oxidation of 
ascorbic acid and only pure water should be used 
in preparing an ascorbic acid solution that is to be 
used in standardizing 2,6-dichlorophenolindo- 
phenol with which the ascorbic acid content of 
milk and other fluids can be measured in acid 
solution by direct titration. 

Since ascorbic acid is likely to be used in in- 
creasing amounts for retaining the fresh flavor of 
milk, the importance of correctly standardizing 
the dye solution used in measuring the ascorbic 
acid content of milk becomes apparent. 

M19 Deferment of an Oxidized Flavor in 
Frozen Milk by Ascorbic Acid Fortification 
and by Hydrogen Peroxide Oxidation of the 
Ascorbic Acid of the Fresh MilL' R. W. 
Bell and T. J. Mucha, Bureau of Dairy In- 
dustry, USDA. 

Experiments were conducted to determine how 
long the onset of the characteristic oxidized flavor 
could be deferred in frozen storage by HgOj 
oxidation of ascorbic acid in the fresh milk and 
whether fortification of the fresh milk with ascor- 
bic acid would be as effective. Rapid and com- 
plete ascorbic acid oxidation in the fresh milk by 
H,0, was effective in delaying but not in pre- 
venting the defect, since in ail experiments the 
oxidized flavor was detectable eventually. The 
same was found to be true when the milk was 
fortified with ascorbic acid. 

Somewhat better results were obtained when 
the fresh milk was fortified heavily with ascorbic 

^ This work was done with funds from the Agri- 
cultural Research and Marketing Act oi 1946. 


acid than when an optimum amount of H 2 O 2 
was added. Desirable properties of ascorbic acid 
for this purpose are mentioned and reasons for 
the stabilizing effect are described briefly. 

M20 Electrometric Titration of Milk and Dairy 
Products in the Determination of Titratable 
Acidity. W. A. Kiuenke, Florida Agricul- 
tural Experiment Station. 

A Model H Beckman glass electrode pH meter 
was used for “end point” determination in the 
electrometric titration of milk and various dairy 
products. The electrodes and a motor-driven 
glass stirrer were mounted in a holder to accom- 
modate a 100-ml. beaker as the titration container. 

With the stirrer in motion, 0.1 N alkali was 
added until pH 8.3 was reached, the amount of 
alkali required recorded, six drops of 1 per cent 
phenolphthalein solution added and titration com- 
pleted to the '‘pink end point.” By observing the 
movement of the pH meter needle, only 30 sec- 
onds are required to add the alkali to the sample. 
The “fading end point” and a change in the 
titratable acidity value due to cautious and slow 
titrations thus arc eliminated. 

Ranges in pH values obtained on the various 
products at the pink-color .end point were for 
w'hole milk 8.53 to 8.65, condensed skim milk 
9.00 to 9.08, cream 8.68 to 9.02, ice cream mbc 
8.70 to 9.02, .skim milk 8.53 to 8.63, chocolate 
milk 9.10 to 9.30 and evaporated milk 8.96 to 
9.04. 'fhe color of strawberry and cherry icc 
creams so obscured the phenolphthalein end point 
that it could not be established with certainty 
even at pH 9.5. 

M21 A Re-evaluation of the Hortvet Formula 
and Freezing Point Value of Milk in Estimat- 
ing the Percentage of Added Water. W. A. 
K^nke and L. R. Arrington, Florida 
Agricultural Experiment Station. 

Samples of whole milk representing herds and 
individual cows of the Jersey and Holstein breeds 
were collected over a period of several months 
and their freezing points determined with a Hort- 
vet cryoscope, using the recognized official 
method. Portions of some of the samples were 
diluted with known quantities of distilled water 
and their freezing points determined. Mean 
freezing point values were - 0.549® C. for 29 sam- 
ples from individual Jerseys, - 0.539® C. for 13 
samples from individual Holsteins, - 0.542® C. 
for 14 samples of herds of Jerseys, and - 0.535® C. 
for € samples of herds of Holsteins. 

When the accepted value of -0.550® C. is used 
in the formula for estimating the percentage of 
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added water, a false interpretation results. If 
the freezing point values for the diluted samples 
likewise are used, the calculated per cent of water 
added will be in excess of the amount known to 
have been added. Therefore it appears that a 
value somewhat higher than - 0.550® G. must be 
established to permit better interpretations of 
water adulteration. 

M22 Preitminary Observations of the Effects of 
Laditto Pasture and Hay Feeding on Toco- 
pherol Content of the Fat and Stability of 
Milk. V. N. Krukovsky, J. K. Loosu, and 
D. A. Theokas, Cornell University. 

Observations indicated that the levels of tocop- 
herols in the milk fat are influenced by the type 
and qualities of the roughages fed to the cow and 
that the relationship might exist between the 
tocopherol content of the fat and the susceptibil- 
ity of milk to oxidized flavors. Feeding ladino 
pasture resulted in tocopherol levels of the fat 
considerably higher than were found when ladino 
hay was included in the ration, but not as high as 
when the cows were transferred to birdsfoot pas- 
ture. A gradual increase was observed in the 
tocopherol content of the fat from 2,938 y (av. 
value) per 100 g. of fat at the end of ladino pas- 
ture to a plateau level of 4,350 y during the diird 
and fourth weeks of birdsfoot pasture. Milk of 
poor keeping quality resulted during the ladino 
feeding (both pasture and hay), whereas the 
transfer of the cows from ladino to birdsfoot pas- 
ture resulted in an appreciable stabilization of 
milk, even in the presence of added copper. The 
transfer of the cows from birdsfoot pasture to hay 
feeding in the bam resulted in the decrease in the 
tocopherol content of the fat and greater sus- 
ceptibility of milk to oxidized flavors depending 
upon the kind and quality of hay fed. 

M23 Effects of External Temperature and 
Pasturage on the Degree of Unsatiiration of 
Milk Fat. E. E. Bartley, E. W, Bird, C. Y. 
Gannon and J. H. Zaletel, Iowa State Col- 
lege. 

The objective of this study was to separate the 
effects of seasonal changes in temperature from 
the effects of pasture feeding to determine the 
relative importance of these two factors in pro- 
ducing the highly unsaturated milk fats encoun- 
tered during the summer. Twelve Holstein cows 
freshening at various times during the experi- 
ment (duration 13 months) were divided into 
two similar groups. Both groups at first received 
prairie hay and a grain mixture. One of tl^ 
groups cemtimied on this ration for the entire trial 


while the other group was placed on pasture dur- 
ing the grazing season, pasture grass replacing the 
hay. The cows receiving grass graz^ only at 
night, while the other cows were placed in a dry- 
lot where they received hay. Daily records of the 
environmental temperatures were kept. Iodine 
and thiocyanogen values were determined on 
weekly samples of butterfat from each individual 
animal. 

Pasture and stage of lactation have primary in- 
fluences on the degree of unsaturation of milk fat, 
while changes in temperature appear to be of con- 
siderably less importance. Production of highly 
unsaturated fats at the peak of milk production, 
followed by a gradual decrease in unsaturation to 
about the fifth month and then a gradual increase 
continuing to the end of lactation, appear to be 
definite lactation trends. 

M24 Separatum of Fatty Adds by Displacement 
Chromatography and its Application to 
Analysis of Butter Fat. R. T. Holman and 
L. Haodahl, a. and M. College of Texas. 

Using the displacement development technic 
and the absorption analysis apparatus of Tiselius, 
fatty acids from C^ to Cj, have been separated. 
By using fatty adds as displacers and by loosing 
suitable solvent conditions, homologs of 1 carbon 
atom difference can be separated and measured. 
Unsaturated acids can be separated from satu- 
rated acids. Usual sample sizes of 50 to 200 mg. 
can be separated into the component acids with 
90 to 100% recovery in chromatograms developed 
in 3 to 6 hr. Typical experiments were described 
»and results shown. Application to analysis of 
dairy products were discussed. 

M25 Some Observations on Fat Fractions from 
Butter Oil, A. T. Mussett, S. Patton and 
C. D. Dahle, Pennsylvania State College. 

Liquid and solid fat fractions were obtained by 
hydraulic separation of fresh butter oil using a 
Carver laboratory press. Separation at 70® F. 
gave approximately 30% s<riid and 70% liquid; 
at 50® F., 80% solid and 20% liquid; at 32® F., 
90% solid and 10% liquid. The acid and iodine 
numben of the 70 and 50® F, solid fractions were 
significantly lower than diose of the correspond- 
ing liquids. The keeping qualities of the solid 
fats, as determined ^ oi|^eptic tests, were 
much superior to those of ^e liquid samples. A 
preliminary trial using the 70® F. solid fraction 
as the sole source of fat in dry whole milk fiai 
produced a product with improved flavor. Hw 
high melting fractions riiould constitute a stiila]^ 
form in whidi to store fat lor ice cream. 
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M26 The Steam Distillation of Stale-flavor 
Component from Stale Butteroil. R. McL. 
Whitney, Katherine Paulson and P. H. 
Tracy, University of Illinois. 

A procedure was developed which was success- 
ful in distilling the stale-flavor component along 
with other volatile components from stale butter- 
oil. The petroleum ether-soluble portion of this 
volatile fraction was found to contain approxi- 
mately 10,000 times as much stale-flavor com- 
ponent per unit weight as the dried whole milk 
from which it was obtained originally. This pro- 
cedure involves the steam distillation of stale 
butteroil under a pressure of approximately 70 
mm. of mercury and at a temperature of approxi- 
mately 45° C. The distillate is collected in water 
at 0° C. and, after distillation, this aqueous sus- 
pension is extracted with petroleum ether. The 
fraction containing the stale-flavor component 
then is obtained by removing the petroleum ether 
by aspiration. 

It also was observed that the stale-flavor com- 
ponent apparently is synthesized in the stale but- 
teroil during steam distillation, since the concen- 
tration of the stale-flavor component in the re- 
sidual butteroil after distillation was the same as 
or greater than that in the original butteroil. 

M27 The Extraction of Stale l^utteroil from 
Stale Dried Whole Milk by Organic Solvents. 

R. McL. Whitney and P. H. Tracy, Uni- 
versity of Illinois. 

In a .search for a more efficient method for 
obtaining stale butteroil from stale dried milk, 
several different Soxhiet type extractions were 
investigated with variations in the type of powder, 
pretreatment of the powder and extracting sol- 
vent. 

Spray-drying uncondeiised, unhomogenized 
milk at low pressures yields a product from which 
much higher recoveries of butteroil arc obtained 
than from a milk powder prepared in a similar 
manner from a condensed milk. 

Hydration to 8% moisture of a dried milk pre- 
pared at low spray pressures from condensed 
unhomogenized milk results, upon extraction, in 
a high yield of butteroil. If a milk powder pre- 
pared in this manner is agitated with 95% al- 
cohol plus sufficient water to hydrate the powder 
to 8% moisture, high recoveries of butteroil are 
obtained, provitkd the fat dissolved in the alcohol 
is recovered. Aidiydrous ethyl ether and petro- 
leum ether are suitable solvents. 

Upon the development of a special solvent-re- 
moval technic to reduce the solvent concentration 
so as not to interfere with organoleptic tests, the 
stale-flavor component was found to be extracted 


with the butteroil in the same proportion as it 
occurs in the fat in the dried whole milk. 

M28 Sanitary Standardization of Equipment 
Used in the Dairy Industry* £. H. Parfjtt, 
Evaporated Milk Assoc., Chicago. 

lo secure uniformity of design and to reduce 
the cost of equipment the dairy industry has 
created a committee known as the Sanitary Stan- 
dards Committee. This committee represents 
the seven branches of the dairy industiy. Equip- 
ment common to all branches of the industry is 
being reviewed for the purpose of writing sanitar>' 
standards that will meet the approval of the 
International Association of Milk and Food Sani- 
tarians and the U. S. Public Health Service. On 
approval by these two latter organizations, these 
standards arc published and companies fabricat- 
ing equipment meeting these standards designate 
their equipment as 3-A. 

Standards for finish of stainless steel, minimum 
knuckle radius, minimum slope for drainage, 
maximum size for case of cleaning, ease of dis- 
assembly, etc., have been developed for pipe line 
fittings, milk storage tanks, weigh cans and re- 
ceiving tanks, and homogenizers. 

Tentative standards arc now in the hands of the 
industry and regulatory groups for approval of 
the following pieces of equipment: milk trans- 
portation tanks, heat exchangers (plate, surface 
and tube), milk filters, milking machines, milk 
pails and strainers, can washers, electric motors 
and, for point-of-salc equipment, ice cream cabi- 
nets and soda fountains. 

M29 Nutrition of the Lactic Group of Strepto- 
cocci and its Relation to Bacteriophage 
Multiplication. E. E. C]:oi.un.s, F. E. Nel- 
son AND C. E. Parmelee, Iowa Agricultural 
Experiment Station. 

Sodium acetate and/or Tween 80 were found 
essentia], as shown by turbidity measurements, 
for the growth of 9 of 32 .strains of Streptococcus 
lactis and 22 strains of Streptococcus cremoris in 
a chemically defined medium based upon that 
of Niven (J. Bact., 47: 343-350. 1944). Re- 

ticulogen, a rommereial liver extract, could be 
.substituted in somew-hat smaller quantities for 
sodium acetate and Tween 80 and also was the 
only supplement which permitted rapid growth of 
one strain of S. cremoris, w'hich did not become 
turbid until after 24 hr. in the medium supple- 
mented with sodium acetate and Tween 80. 
Neither .sodium acetate nor Tween 80 alone would 
suffice for serial transfer of most cultures; how- 
ever, sodium acetate alone was effective for more 
cultures than was Tween 80 alone. Most strains 
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of the lactic group which had been in the labora- 
tory for considerable time were found to be S* 
cremoris, while all recently isolated strains were 
found to be S. lactis, on the basis of ammonia 
formation from arginine and growth at 40^ C. 

With two S. /actir-bacteriophage combinations, 
multiplication of both bacteriophage and organ- 
ism were affected similarly by the omission of 
individual components from the unsupplemented 
complete medium of Niven. Bacteriophage 
multiplication seems to be associated closely with 
organism multiplication for these two combina- 
tions. However, with a third 5. /ac^if-bacterio- 
phage combination, bacteriophage multiplication 
does not occur in the defined medium which is 
adequate for organism growth. 

Further studies of the relationship between or- 
ganism multiplication and bacteriophage multi- 
plication in defined media are being made. 

M30 Thermal Death Time Studies of Goliform 
Bacteria in Milk. J. C. Olson, Jr., H. 
Macy and H. O. Halvorson, University of 
Minnesota. 

Each of 139 coliform cultures was assayed for 
heat resistance at 135® F. A multiple-tube tech- 
nic similar to that used by Slatter and Halvorson 
(J. Dairy Sci., 30; 231-243. 1947) was used. 
Thermal death times at 135® F. varied from less 
than 5 min. to over 150 min. The most heat- 
resistant cultures were, almost exclusively, mem- 
bers of the Escherichia coli section as described by 
Parr (Bact. Rev., 3: 1-48. 1939). On repeated 
trials under similar conditions of culture manipu- 
lation, thermal death time variations of a pure 
culture of £. coli ranged from 39 to 74 minutes 
at 140® F. Similar variations occurred at other 
temperatures. 

In two trials the z values (Bull. Nat. Research 
Council. U. S., 7; Part I, no. 37. 1923) of 

thermal death time curves for suspensions of £. 
coli (50,000 cells/ml.) in milk, prepared from 
cultures grown in milk at 37® C. for 16 hr., were 
10.5 and 10.8. For suspensions prepared from 
from cultures grown at 37® C. for 24 hr., z values 
of 10.0 and 11.0 were obtained. The z values 
of thermal death time curves for similar suspen- 
sions of £. coli prepared from cultures grown at 
20, 30 and 37® C., each at a comparable stage 
of growth, were 9.7, 11.4 and 11.5, respectively. 
With suspensions containing 5 million cells/mi., 
prepared from cultures grown at 37® C. for 24 
hr^ z values of 11.7 and 13.0 were obtained. 

The slope of a curve plotted on semi-loga- 
lidimic paper by connecting with a straight line 
two points, one representing low-temperature, 
(143^ F. for 30 min.) and the othtnr 
repMenting: hlgh-temperatme, short-time pas- 


teurization (160® F. for 15 sec.), may be ex- 
pressed by a z value of 8.25. Significantly all z 
values of thermal death time curves obtained were 
greater by a considerable margin than the z values 
of the “pasteurization curve**. The data ob- 
tained in this regard provide evidence in support 
of the theoretical explanation advanced by Ball 
(Ind. Eng. Chem., 35; 71-84. 1943) for the ob- 
served differences in bacterial destruction by the 
two processes. 

M31 Studies on Add Production, Loss of Bac- 
teriophage and Resistance a Bacterio- 
phage-sensitive Culture of Streptococcus 
lactis. H. F. Ford and F. J. Babel, Purdue 
University. 

The influence of bacteriophage on the acid- 
producing ability of a culture of Streptococcus 
lactis and the duration of bacteriophage in a sen- 
sitive culture were studied. The acid-produc- 
ing ability of the culture studied was influenced 
greatly by an initial inoculation of bacteriophage; 
however, after secondary growth occurred, future 
transfers of the culture were approximately as 
active as the same culture maintained in a bac- 
tcriophage-frec condition, although the one cul- 
ture carried bacteriophage. Some of the cultures 
given an initial inoculation of bacteriophage and 
carried through several transfers Anally became 
free of bacteriophage. The loss ot bacteriophage 
did not influence the rate of acid production of 
the culture. 

The time required for a sensitive culture to be- 
come free of bacteriophage when given an inocu- 
lation of bacteriophage was dependent upon the 
Temperature of incubation. A culture inoculated 
with bacteriophage and carried at a temperature 
of 37® C. became free of bacteriophage after 1 1 
transfers. The same initial culture inoculated 
with bacteriophage and incubated at 26® C. for 
10 propagations and further incubated at 21® C. 
lost bacteriophage after 35 transfers. Also, the 
same initial culture inoculated with bacteriophage 
and incubated at 21® C. was not free of bacterio- 
phage after 127 transfers. 

A culture inoculated with bacteriophage and 
transferred until the culture was bacteriophage- 
free was not sensitive to the bacteriophage with 
which it was treated but was sensitive to other 
bacteriophage preparations. 

M32 Vmriatioiis Encomitered in the Grading 
of Raw with the Mcthykae Bhie and 
Resazurin Redaction Tests. R. K. Lewton, 
D. M. MaAkiand and F. J. Babbi, Purdue 
University. 

Excellent correlation was obtained between die 
methylene blue reduction test and the jetmaxm 
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reduction test when both tests were read at the 
time the dyes were reduced completely. How- 
ever, when comparisons were made on the grading 
of raw milk by the methylene blue test and the 
triple-reading resazurin test read at the pink end 
point (Munsell Standard P 7/4), the resazurin 
test placed considerably more samples in the 
poorer classes than the methylene blue test. 
Variations in the results obtained could be ex- 
plained partially on the basis of tlie body-cell 
count. 

The plate count and direct microscopic count 
classified 66% of the samples alike and there was 
a difference of one grade with 29% of the 
samples. The methylene blue test classified 72% 
of the samples the same as the plate count and 
there was a difference of one grade with 24% 
of the samples. The resazurin triple-reading test 
classified 41% of the samples the same as the 
plate count, 20% in a classification one grade 
lower, 18% two grades lower and 17% three 
grades lower than the plate count. Approxi- 
mately 4% of the samples were graded higher 
by the resazurin test. 

Most of the samples of raw milk showing ex- 
treme differences in classification, when using the 
plate count and resazurin triple-reading test for 
grading, had plate counts of 50,000 or less. 

MSS Standards for Grades of Milk for Use in 
Manufactured Dairy Products. G. J. Bab- 
cock AND H. J. Emery, Manufactured Dairy 
Products Division, Dairy Branch, PMA, 
USDA. 

One of the main obstacles to quality improve- 
ment is the lack of uniform and generally rec- 
ognized standards of grades for milk and cream. 
Such standards would provide a uniform basis 
for buying milk and cream according to quality 
and for otherwise carrying out quality improve- 
ment work. The U. S. Department of Apicul- 
ture, in cooperation with dairy industry organiza- 
tions and state agencies, therefore is formulating 
standards for milk and cream grades. The re- 
sponse to the tentative draft of these standards 
indicates a need for such standards. A summary 
of the comments received from industry oig;aniza- 
tions and State agencies will be presented. 

M34 The Effect of Certain Metallic Ions on the 
Germicidal Activity of Quaternary Ammo- 
nium Germicides, W. S. Mueller and D. 
B. Seeley, University of Massachusetts. 

A study has been made on the effect of metallic 
ions on the germicidal action of quaternary am- 
monium compounds. Elements were selected 
from the periodic table in such a manner as to 
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compare light and heavy metals, metals of differ- 
ent atomic weights and metals of different val- 
ences. Salts that contained an anion which 
showed no measureable interference were used 
so that the effect of the cation alone could be 
studied. The study also involved an understand- 
ing of the effect of pH bn germicidal action since 
the pH values of the salt solutions varied. 

Valence and pH were the two most important 
factors determining the interfering power of a 
cation. Monovalent, divalent and trivalent ca- 
tions had interfering power approximately in the 
ratio of 1:100:10,000, respectively. Trivalent 
ions frequently inactivated the quaternary 100% 
in concentrations as low as 10 p.p.m. Five times 
as much quaternary was required for 100% kill 
at pH 3 than at pH 10. When adjusted to pH 
7, the cations lost their interfering power. 
Atomic weight had little or no effect on inactiva- 
ting power. The salts seem to interfere by com- 
peting for the cell surface and thus blocking the 
germicide cation. 

M35 Optimum Consumer Preference for Dry 
Milk in Bread. E. L. Jack and (Mrs.) V. 
M. Haynes, University of California. 

A group of 320 boys ranging in age from 8 to 
16 years in a self-contained , unit of the California 
Youth Authority have been fed breads containing 
different quantities of non-fat dry milk solids as 
part of their regular diet. Ibe percentages 
chosen were 0, 6, 10 and 14% non-fat dry milk 
solids, based on the amount of flour. These 
breads each were fed for a 2-mo. period during 
whch accurate bread consumption and total food 
consumption records were kept. Aliquot samples 
of each meal were composited for chemical anal- 
yses and height and weight records were kept at 
the beginning and end of each period. 

The data show that the diets were superior to 
the recommended allowances of the National Re- 
search Council in caloric, protein, vitamin and 
mineral values. The bread consumption aver- 
aged for each 2-mo. period was 100% for the 
water bread, 103.8% for 6% bread, 105.6% for 
the 10% bread, and 114.5% for the 14% bread. 
The breads were essentially uniform in appear- 
ance. 

M36 The Utilization of Roller and Spray Dried 
Sweet Cream Buttermilk in Bread Making. 
J. V. Reger, W. B. Combs, S. T. Coulter 
AND R. B. Koch, University of Minnesota. 

Dry sweet cream buttermilk and nonfat dry 
milk solids obtained from the same source of 
mixed herd milk were adjusted to various mois- 
ture levels and stored at 100® F. and 42 to 45® F. 
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for 1 yr. Baking tests showed that prolonged 
storage at 100® F. was deterimental to ^e baking 
quality of the milk powders, especially with the 
roller dried samples of hi^ moisture content 
(5-6%). No differences were noted in the bak- 
ing quality of milk powders stored for 1 yr. at 
42-45® F. Breads made utilizing the butter- 
milks, particularly spray dried, gave consistently 
larger loaf volumes than when nonfat dry milk 
solids were used. 

Additional heat treatment of buttermilk, which 
was obtained from sweet cream pasteurized for 
30 min. at 165® F., did not affect the baking 
quality of the dried product. Buttermilk pow- 
ders again were associated with larger loaf vol- 
umes as compared with nonfat dry milk solids. 

The addition of 0.17% soybean lecithin 
emulsified in butter oil and added to skimmilk 
before drying produced the same loaf volumes 
when added to the bread formula as did the 
buttermilk powders. Additions of butter oil 
alone to skimmilk showed no beneficial results 
with respect to loaf volume 

A lactic acid culture (3%) was added to sweet 
cream buttermilk and when 0.01, 0.05 and 0.1% 
developed acidities were* obtained, the butter- 
milks were neutralized to the original acidity. 
Resulting powders, when added at a 6% level 
to the bread formula, produced no detrimental 
effects which could be attributed to the amount 
or to the type (NaOH or Lime) of neutralizer, 
even after storage for 2 mo. at 100® F. 

M37 The Relation of Surface Growth to the 
Ripening of Minnesota Blue Cheese. H. A. 
Morris, W. B. Combs, S. T. Coulter, Uni- 
versity of Minnesota. 

Green cheese from each of two lots were segre- 
gated into three groups and processed to produce 
various amounts of slime during the ripening 
period. The cheese were examined chemically 
and organoleptically initially and at 3, 6 and 
9 mo. of age. In addition, portions of the cheese 
were analyzed to determine whether ripening had 
proceeded inward from the exterior of the cheese. 
Moisture, sodium chloride, total volatile acidity, 
total nitrogen, amino nitrogen, pH and fat content 
of the cheese were determined. The microscopic 
and macroscopic characteristics of the surface 
mterofiora were observed. 

The initial development of yeasts and some 
mold on the surface of the Blue cheese was fol- 
lowed by a predominance of rod forms of bacteria 
and some micrococci at later stages. 

Because of the pronounced effect of P. raque^ 
forti on the ripening of this cheese, it is difficult 
to determine ^e influence of the surface micro- 
ffora on the changes noted in the various portions 


of the cheese. However, cheese with normal sur- 
face growth had a higher total volatile acidity, 
amino nitrogen and pH, a finer flavor, and a more 
desirable texture than cheese with no surface 
growth. Cheese slimed for 4 mo. had excellent 
body and texture, but also had an undesirable 
limbiirgcr-like flavor due to the absorption of 
aroma from the slime. These cheese had the 
highest total volatile acidity, amino liitrogen and 
pH. 

M38 The manufacture of Blue Cheese from 
Pasteurized Homogenized Milk. 1. 1. Peters 
AND F. E. Nelson, Iowa Agricultural Ex- 
periment Station. 

A study was made of the separate influences 
of: (a) heat treament of milk before and during 
homogenization, (b) setting acidity, (c) dipping 
acidity, (d) cooking temperature, (c) dipping 
temperature, (f) early salting and (g) draining 
temperature upon texture, mold growth, body 
and flavor of ripening blue cheese. 

As a result of these studies, the following make 
procedure was adopted: Fresh, raw milk was 
pasteurized at 142° F. for 30 min., cooled to 
110° F. and homogenized at 2,000 lb. pressure. 
The milk was set at 90° F. and ripened with 1% 
lactic cheese starter to 0.19% acidity. Lipase 
from Candida lipolytica was added at a rate to 
give the desired degree of ripening and the milk 
set with 90 ml. rennet per 1,000 lb. of milk and 
allowed to set for 70 min. The curd was cut 
into 0.5 in. cubes' and held in die whey, being 
stirred at 30-min. intervals, until the whey acidity 
reached 0.24%. Part of the whey was drawn off, 
leaving only enough in the vat to cover the curd, 
and the curd cooled to 84° F. with cold water 
in the outer jacket. The remaining whey was 
drawn off, 0.01% mold powder mixed with 1.5% 
cheese salt, based on the calculated yield of 
cheese, incorporated into die curd, and the curd 
hooped. The cheese was drained overnight at 84 
to 86° F., dry-salted, .punched and cured in the 
usual manner. 

This procedure permitted manufacture from 
pasteurized, homogenized milk of a cheese with 
sufficiently open texture, abundant mold growth, 
good body and adequate flavor. 

M39^ The Detemiination of Free Tryptophane 
in Cheese. A. B. Erekson, Lakeshire-Marty 
Company. Plymouth, Wis. 

A test for free tryptophane based upon the one 
reported by Dugan (J. Assoc, of Official Agr. 
Chemists, 31, 1. 1948) was developed using a 
2-g. sample of cheese, 90% acetone to extract 
the tryptophane and to precipate the proteins, 
para-dimenthylaminobenzaldehyde as die color 
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reagent and KNO 2 as the oxidizing agent to 
hasten the reaction. Quantitative results were 
obtained by comparison with a standard graph 
from readings with an electrophotometer. 

Cheese with a mild flavor had from 15 to 91 y 
of tryptophane/g. while cheese high in flavor 
contained up to 889 y/g. Experimental cheddar 
cheese made from raw and pasteurized milk and 
cured for 9 mo. at 55 to 60® F. showed an average 
of 297.3 y for the raw milk cheese and only 1 1 7.3 
for the pasteurized milk cheese. The raw milk 
cheese was mucli higher in flavor than the latter. 

M40 Filter Paper Chromatography as a Means 
to Determine the Amino Acids and Amines 
Developed in Cheddar Cheese During Ripen- 
ing. F. V. Kosikowsky, Cornell University. 

Two-dimensional filter paper chromatography 
was applied to the w'atcr extra< ts of a number of 
Ciheddar cheeses. Solvents used were phenol and 
a mixture of collidine and lutidine. A butyl 
alcohol solution of ninhydrin was employed as a 
color developer. 

Using this method a large number of free 
amino acids from individual cheeses simultane- 
ously were pictured as colored areas on Whatman 
No. 1 filter paper sheets. Also observed on the 
same chromatograms were amines and, in some 
instances, a number of unidentified chemical 
compounds. 


In one series of eight commercial Cheddar 
cheese analyzed, the following amino acids and 
amines were interpreted from the chromatograms 
as being present in most of these cheeses: leucines, 
valine, a-amino-n-butyric acid, alanine, threonine, 
glycine, asparagine, glutamic acid, aspartic acid, 
arginine, lysine, prolinc, typosine and glutamine. 
Methionine as methionine sulphoxide tentatively 
was identified as being present in a smaller num- 
ber of the cheeses. The presence of tyraminc 
and tryptohanc also was considered in some of 
the cheeses, but their spots are more difficult to 
identify. Other free amino acids may have been 
present in these Cheddar cheeses, but additional 
technics may be required to reproduce them on 
chromatograms. 

M41 Manufacture of Cottage Cheese from Re- 
constituted Non-Fat Dry Milk Solids. C. £. 
Parmelee and W. S. Rosenberoer, Iowa 
Agr. Expt. Station. 

A method for the manufacture of cottage 
cheese from non-fat dry milk solids is presented. 
The method has been used successfully with com- 
mercial low heat treatment non-fat dry milk solids 
from three sources. The method is presented as 
a means of holding cottage cheese markets dur- 
ing periods of extreme shortage of fluid skim milk, 
as the cost does not permit competition with 
cottage cheese from fluid skim milk when prices 
are normal. 
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PI Differences in Production Type, Size and 
Breeding Efiidency of Cow Families. K. A. 
Tablfr, W. J. Tyler and G. Hyatt, Jr., 
West Virginia University, Morgantown. 

Nineteen cow families in the Rcymann Memo- 
rial Ayrshire Herd at the West Virginia Agr. 
Expt. Station were .studied to determine if there 
were differences between families in production, 
type, body size and breeding efficiency. In ad- 
dition, family selection w’as compared with selec- 
tion on individual performance as a means of 
obtaining improvement in the milk production of 
the herd. The data consisted of the individual 
milk, butterfat, butterfat test, type, body size 
(height at withers and weight) and breeding 
records collected between 1922 and 1948 on 401 
cows. All normal females were kept until they 
completed at least one lactation. 

Analyses of variance showed that differences 
between families in body size and breeding effi- 
ciency were not significant. However, there were 
highly significant differences between families for 
milk, butterfat, butterfat tests and type. When 
sire differences were eliminated, the remaining 


variations between families were not statistically 
significant. 

Two methods of selection based on the first 
record were compared. If each year (beginning 
in 1928) two-thirds of the first calf heifers with 
the highest milk production had been retained 
and the lowest third culled, the offspring of the 
selected parents during the next 10 yr. would have 
averaged 8,625 lb. of milk and 10,434 lb. during 
the following 10 yr. But if the cows and their 
offspring in the 12 families (tw'o-thirds of all 
families) with the highest average milk produc- 
tion in 1928 had been kept, the averages of their 
daughters during the first and second 10 yr. 
periods would have been 7,759 and 9,767 lb. of 
milk, respectively. 

P2 Prolonged Gestation of Genetic Origin in 
Cattle. S. W. Mead, P. W. Gregory, and 
W. M. Regan, University of California, 
Davis. 

Twenty-seven cases of prolonged gestation (310 
to 350 days) have been observed in a large herd 
of registered Holsteins. Birthweights of calves 
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have ranged from 110 to 168 lb., averaging 145 
lb. 

With the exception of two lighter weight calves, 
normal delivery has been possible. Four have 
been delivered by Caesarean section. Of these 
none has survived more than a few hours. All 
other calves were dismembered. As a result, 
the future reproductive capacity of these cows 
has been impaired greatly. During the ninth 
month of pregnancy, there appears to be a com- 
plete absence of all physical changes normally 
occurring. 

Pedigree analyses indicate that all calves mani- 
festing this anomaly are homozygous for an 
autosomal racessive gene. It is concluded tenta- 
tively that prolonged gestation is caused by an 
hormonal imbalance between the fetus and 
mother, when the fetus is of the mutant genotype. 
This unique genetic material should prove valu- 
able for certain physiological studies. 

P3 Estimatton of Changes in Herd Environ- 
ment. C. R. Henderson, Cornell Univer- 
sity, Ithaca, N. Y. 

Accurate appraisals of the results of breeding 
programs and most efGcient estimates of breeding 
values of individuals whose own records and 
whose relatives* records were made in several dif- 
ferent years require quantitative measures of the 
effects of chan^^ng herd environment. Least 
squares or modified least squares methods for 
obtaining such measures give biased estimates 
when records of cows culled from the herd are 
either above or below the herd average. This 
bias results from the lack of perfect repeatability 
of records. In contrast, the method of maximum 
likelihood automatically takes into account in- 
complete repeatability and annual culling levels 
and utilizes all of the records in such a way as to 
obtain the most precise estimates possible of the 
yearly environmental effects. 

The maximum likelihood method has been 
utilized to obtain annual correction factors for 
several New York dairy herds. The method is 
illustrated with data from one of these herds and 
less accurate but lesz laborious modifications are 
described. Examples are given of the use of the 
correction factors for estimating the genetic im- 
provement in the herd, predicting the breeding 
values of cows and evaluating sire proofs. Ap- 
plication of the method to computation of age 
correction factors also is discussed. 

F4 The Number of Proved Sons Necessary fo 
Evaluate the Transnuttiiig Ability of a Sire. 
W. E. Wassbon and W. J. Tyler. West 
Vuginsa University, Morgantown. 


One hunderd seventy-four Holstein sires with 
eight or more D.H.I.A. proved sons were studied 
to determine the least number of proved sons 
necessary to estimate most accurately the per- 
formance of those to be proved later. The ^ta 
included average butterfat production of the 
proved sons’ daughters, average difference of 
daughters’ production as compared to their dams 
and per cent of proved sons that maintained or 
increased butterfat production in the herds in 
which they were used.- Averages of the first three 
to ten proved sons, respectively, were compared 
with averages of the following three, five and ten 
sons. 

Highly significant correlations (r = 0.35 to 0.65) 
indicated that the average butterfat production of 
the daugthers of the first three proved sons was 
nearly as accurate as data on more sons in esti- 
mating the average butterfat production of the 
daughters of the next three, five or ten proved 
sons of a sire. 

Similarly, the significant correlations (r=:0.24 
to 0.40) for the sons’ daughters* increase or de- 
crease in butterfat production from their dams 
indicated that data on the first three or tour 
proved sons were nearly as accurate as data on 
a larger number in predicting what might be 
expected from the next three, five or ten proved 
sons in this respect. 

For per cent of sons improving production the 
correlations were significant when the first four, 
five and six sons were compared with the next 
ten sons (r = 0.30). 

A sire’s future granddaughters’ butterfat pro- 
duction and its difference from their dams’ pro- 
duction apparently can be estimated nearly as 
well from the performance of the first three or 
four sous as from a larger number. The per cent 
of a sire’s future proved sons that likely will im- 
prove production is more reliable if the predic- 
tion is based upon the performance of at least 
the first four or five proved sons. 

P5 Calf Mortality, Sex Ratio and Incidence 
Twinning in Two University of Minnesota 
Herds. K. Miller and L. Gilmore, Minn. 
Agr. Expt. Station, St. Paul. 

The University calf records at Grand Rapids 
and St. Paul have been analyzed with respect to 
prenatal and postnatal mortality for the first 6 
mo. and for other information such as the sex 
ratio and incidence of multiple births. 

At University Farm for the 12 years 1934 to 
1945, inclusive, 50 of the 592 births, among 
Guernseys, Holstein-Fresians and Jerseys, were 
bom dead. Ninty-one died during ic first 
month, 36 more by the end of the *i^h mondi 
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and 391 were in the herd at the end of 6 
months of age. The 24 remaining calves were 
mostly bulls that were destroyed, sold for breeding 
purposes or utilized in an experiment, and are 
excluded from the above groups. The principal 
causes of death were pneumonia and scours, al- 
though some genes for lethals or lack of vigor 
appear to have some influence. 

In the Grand Rapids herd during the 36 years 
1912 to 1947, inclusive, 1,007 high grade and 
purebred Guernsey calves were bom. Of these, 
61 were born dead, 61 died during the first month 
and 50 from 2 to 6 months. Twenty-two deaths 
resulted from scours and 15 from pneumonia. 

The sex ratio of 52 per cent for 1,143 Guernseys 
from both herds is higher than that previously 
reported for this breed and is close to the average 
for all cattle reported. For 229 Holstein- 
Friesians the ratio was 52%. For 159 Jerseys 
the ratio of 46% is lower than that reported else- 
where for this breed. 

Twinning occurred in 1 % of the 996 Guernsey 
births in the Grand Rapids herd as compared to 
3% of 169 births in the St. Paul herd. For Hoi- 
steins and Jerseys the incidence was 5 and 1%, 
respectively. In 30 pairs of twins there were 
19 bisexed pairs. No triplets were bom in over 
1,165 births. 

P6 Observations on Mammary Gland Develop- 
ment of Dairy Heifers Induced by Hormone 
Injections.^ J, F. Sykes, T. R. Wrenn, and 
P. C. Underwood, Bur, of Dairy Industry, 
USDA, Washington D. C. 

Tw'o heifers were injected with stilbestrol, 
three with stilbestrol plus progesterone, two with 
stilbestrol plus a crude pituitary extract and two 
with stilbestrol plus progesterone plus a crude 
pituitary extract. Injections were started at 1 
mo. of age and contiuned to 9 mo. Examinations 
of mammary tissue were made at 5 mo. of age 
and at autopsy (9 mo. of age). No visible in- 
crease in the size of the mammary glands was 
produced by these treatments. As judged by 
palpation, the glands of the experimental heifers 
appeared to be slightly smaller than those of two 
control heifers. A small amount of secretion was 
obtained from all the experimental heifers but 
was not sufficiently copious to make comparisons 
possible. 

Histological examination of mammary glands 
of all injected heifers showed marked glandular 
development, with evidence that this development 
was not altogether normal. At 5 mo. of age only 
those heifers which received steroid hormones 
showed lobule-alveolar development, the extent 

^This work was done with Bankhead-Jones spe- 
cial research funds. 


of this development being unaffected by pro- 
gesterone. At 9 mo. of age, however, all heifers 
showed lobule-alveolar development and in 
general the heifers which received pituitary 
hormones in addition to the steroid hormones 
were further advanced than heifers receiving only 
steroid hormones. Again progesterone did not 
appear to influence the extent of development. 

Weights of pituitary, thyroid and adrenal 
glands, and of the ovaries and bioassays of the 
pituitary gland indicated that the steroid hor- 
mones produced at least a partial functional hy- 
pophysectomy which was counteracted to some 
extent by the injection of the pituitary prepara- 
tion used. 

P7 Effect of Temperature and Drying on Male 
Hormone in Cow Manure. C. W. Turner, 
Mo. Agr. Expt. Station, Columbia, 

In previous .studies of the male hormone con- 
tent of dairy cow manure, the fresh product was 
dried in a Freas electric oven at a temperature of 
45® C. This drying temperature was selected 
since it had been .shown that with increasing 
temperature up to 85° C., the biological activity 
of the male hormone present was inactivated 
w'hcn assayed by feeding to chicks for a period of 
4 wk. It seemed of interest to determine the 
biological activity of the fresh product and of 
manure dried by other methods. 

Surprisingly, the feeding of amounts of fresh 
manure equivalent to 10% of dry manure was 
without biological activity. Further, when the 
cow manure was heated for varying periods of 
time at 45° C. without drying, biological activity 
was not demonstrated. It thus appeared that 
drying, rather than heat, plays a role in converting 
biologically inactive male hormone to an active 
form. An alternative suggestion is that the 
enzymes and bacteria present in fresh manure 
may inactivate the hormone before it is consumed. 
A number of experiments designed to obtain 
answers to these questions wdll be presented. 

P8 Effect of Mild Hyperthyroidism on Milk 
Production in Dairy Cattle. C. W. Turner, 
Mo. Agr. Expt. Station, Columbia. 

The inheritance of the capacity for high milk 
production depends upon the rate of secretion of 
the hormones which influence the growth of the 
secretory tissue and the initiation and main- 
tenance of milk secretion. It is has been dem- 
onstrated that the thyroid hormone when avail- 
able in insufficient amounts depresses milk secre- 
tion and by mild replacement therapy stimulates 
milk secretion up to the point where some other 
hormone limits production. 
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It seems reasonable to believe that in the selec- 
tion of cows for high milk and fat production 
that high thyroid secretion rate is essential and 
when combined with high secretion rate of other 
hormones outstanding cows are bred. However, 
since selection at this time is not based upon the 
secretion rate of the various hormones, in many 
cases cows are bred with an inheritance for milk 
production considerably above their actual pro- 
duction simply because of a deficiency in the 
cow’s thyroid hormone secretion rate. By the 
simple process of feeding thyroprotein, this de- 
ficiency is overcome and the full inherited poten- 
tialities of the cow arc then realized. It should 
be emphasized that the feeding of thyroid hor- 
mone has exactly the same effect upon the cow 
as the secretion of optimum amounts of hormone 
by the animal’s own thyroid. 

The question is being raised as to the physio- 
logical effect of a mild hyperthyroid condition 
occurring either through inheritance or induced 
by thyroprotein feeding. The effect on feed con- 
sumption, energy metabolism, heart rate, respira- 
tion rate, body temperature and longevity will be 
discussed. 

P9 Effects and Economy under Tennessee Con- 
ditions of Thyroprotein Feeding during Lac- 
tation Decline. E. W. Swanson, University 
of Tennessee, Knoxville. 

Twelve cows were paired carefully according 
to production, size, age, and time of parturition 
and were assigned randomly one of a pair to a 
control group and the other to a thyroprotcin-fed 
group. The cows were fed to try to maintain 
desirable production and body condition. Fol- 
lowing evidence of a definite downward trend in 
the lactation curve (average of 122 d.}, thyro- 
protein was fed at the rate of 15 g. per day. 
Small responses in milk production but very little 
change in fat test occurred. Slight temporary in- 
creases in pulse, body temperature and respiration 
occurred following the thyroprotein feeding. 
These values returned to normal after 8 w. of 
thyroprotein feding, and at this time the extra 
milk production stimulus also had ceased. Dur- 
ing this time the thyroprotein-fed cows lost 
slightly in body weight, while the control cows 
gained. Thyroprotein feeding plus more con- 
centrates was contiuned until the end of the lacta- 
tion. The thyroprotein-fed cows again were 
normal in weight at the ninth lactation month. 
For an average of 183 d., thyroprotein feeding 
resulted in 0.76 lb. more milk produced and 0.54 
lb. more concentrates consumed per cow daily. 
The same cows are being continued for a second 
lactation to measure the carry-over and/or re- 
peatability of the effects. 


PIO Size of Thyroid in Cows from Southern 
States. W. W. Swett and C. A. Matthews, 
Bureau of Dairy Industry, USDA. 

At most of the field stations operated by the 
Bureau of Dairy Industry in the southern states, 
many individual cows have failed to produce 
satisfactorily and the production level of one 
herd has declined despite the fact that sires 
known to possess good transmitting ability have 
been used and environmental conditions have 
been maintained on a reasonably uniform basis. 

A number of cows with particularly low pro- 
ducing records, from families of high producers, 
were .shipped to Beltsville for slaughter. In two 
average-sized Guernseys from the station at 
Columbia, S. C., the weight of thyroid was found 
to be only 56% of the average for Guernseys 
obtained in the Bureau’s anatomical studies. In 
seven Jersey cows shipped to Beltsville from the 
station at jeanerette. La., the weights of thyroid 
were only 56% of the average found in Jenseys 
only slightly larger in the Beltsville herd. Also, 
in 14 other Jerseys from the Jeanerette herd that 
were slaughtered in La., very low thyroid weights 
were found. Anatomical studies of cows from 
various areas showed a definite tendency for the 
thyroids of cows in the southern states to be much 
.smaller than the thyroids of cows of the .same 
breed in nortlicm states. 

Pll Factors Affecting Heart Rates of Dairy 
Cows. J. W. Thomas, Bureau of Dair>' In- 
dustry, USDA. 

Heart rates were observed on approximately 
40 cows for vary ing periods of time up to three 
lactations. All observations were made under 
standardized conditions in order to eliminate fac- 
tors that arc known to affect heart rate. 

The heart rate of producing cow.s increased 
when they consumed T.D.N. at 120 to 130% of 
requirement. The maximum increase in heart 
rate was not attained until 30 to 40 d. after the 
increase in T.D.N. consumption was initiated. 

Feeding thyroprotein also incrca.scd the heart 
rate of producing cows. An additional effect on 
heart rate was noted when thyroprotein and extra 
T.D.N. were fed simultaneously. Thyroprotein 
produced only a transient increase in heart rate 
when T.D.N. was consumed at 100% of require- 
ment. 

Heart rate was faster in early lactation than 
during the second half of the lactation period. 
A rapid decrease in heart rate usually was ac- 
companied by a rapid decrease in milk produc- 
tion. Most cows show a definite increase In 
heart rate immediately after they have been dried 
off. This increase is not a result of the pre- 
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calving increase. Heart rate increased rapidly 
in the dry cow just before calving. At 70 to 90 
d. before calving it averaged 65 bcats/min., at 
30 to 50 d. it averaged 72, and at 0 to 10 d. it 
averaged 92. 

A cow usually had a more rapid heart rate 
during estrus than immediately before or after 
estrus. 

P12 Milk Substitutes for Young Dairy Calves. 

H. D. Wallace, J. K. Loosli and K. L. 

Turk, Cornell University. 

Nine milk-substitute formulas have been studied 
in preliminary trials using 75 male and female 
Holstein calves. The Cornell dry calf .starter 
method of feeding was followed, except that ap- 
proximately 275 lb. of whole milk were replaced 
with 40 to 50 lb. of a dry milk substitute. Whole 
milk feeding was discontiuned at 14 d. of age. 
Mixture VI, which has given the best results, 
was made up in per cent as follows: dried skim 
milk, 30; dried whey, 30; apple pomace, 10; lin- 
seed oilmcal, 10; dcxtro.se, 9.738; oat flour, 5; 
dried brewers* yeast, 4.9; irradiated yeast, 0.1; 
stabilized vitamin A powder, 0.220; and trace 
minerals, 0.0^2. Average gains for ten calves 
on this mixture were 96,7 and 104.1% of the 
Ragsdale standard at 8 and 16 wk., re.spectively. 
A mixture containing dried banhna meal pro- 
moted growth which closely paralleled the Rags- 
dale .standard. A mixture containing 20% 
finely ground beet pulp gave poor results. An- 
other mixture containing 20% of a high fat soya 
flour caused .severe scouring and growth w'as sub- 
normal. With a few exceptions calves on all 
mixtures have exhibited a rather rough appear- 
ance from the 3rd week through the 7th or 8th 
week, but after that age they grow at a rate 
approximately normal. 

PI 3 Milk Replacements in the Rations of Dairy 

Calves. J. B. Williams and C, B. Knodt, 

Pennsylvania State College. 

Trials arc being conducted to determine the 
value of various products such as dried skim- 
milk, dried whey, dried grain distillers solubles, 
dried blood flour, beet pulp and various other 
products in the development of milk replace- 
ments. The calves in these trials are limited to 
50 lb. of whole milk including colostnim and re- 
ceive the milk replacement in w'ater at 100® F., 
beginning on the 5th day through the 56th day. 
Of the four formulas studied, the following has 
produced calves equal in appearence and rate of 
growth to calves receiving 300 lb. of whole milk : 
dried skim milk, 50; dried whey, 10; dried grain 
distillers solubles, 10; blood flour, 10; dried 


brewer’s yeast, 4.90; dextrose, 7.75; oat flour, 5.0; 
irradiated yeast (9F), 0.10; stablized vitamin A 
(2,220,000 I. U./lb.), 2.20; and mineral mixture, 
0.042. One replacement containing 20% beet 
pulp gave subnormal growth and resulted in a 
loss of hair, general muscular weakness, excessive 
lacrimation and papilledema. This condition 
was not corrected by the admiastration of Vita- 
min A, pantothenic acid, or biotin. Two other 
mixtures containing 10% beet pulp resulted in 
some loss of hair but gave normal growth. 

P14 Diurnal Variations in Concentrations of 
Fat in Blood Plasma of Calves Fed Various 
Types of Oils. H. B. Barker and N. L. 
Jacobson, Iowa State College. 

Previous routine determinations of fat in the 
blood plasma of calves fed reconstituted milks 
containing various oils revealed that the highest 
values w'crc from diets containing cither crude or 
refined soybean oils followed, in order, by butter 
oil and hydrogenated soybean oil. Since the 
stage in the absorption cycle represented by blood 
samples collected 9 hr. after ingestion w^as un- 
known, po.ssiblc differences in the rates of absorp- 
tion of the respective oils were considered in the 
etiology of the responses. 

The test diets used in ascertaining the diurnal 
changes of the fat levels in the blood plasma were 
reconstituted milks containing 3% of one of the 
following oils: crude soybean, hydrogenated soy- 
bean and butter. Each type of milk was fed at 
the rate of 10 lb./ 100 lb. body w't. daily to in- 
dividual calves over a period of 3 consecutive 
w'ceks. In two trials, one after the 2nd week 
and the other after the 3rd, samples of blood were 
collected at 3-hr. intervals during the interim be- 
tween feedings to determine changes in plasma 
fat values. The results from 12 such trials, in- 
volving six different calves on each oil revealed 
no marked differences in the form of curves; all 
increased to a maximum level during the first 6 
hr. and subsequently receded to the initial level 
by the 12th hr. The differences in plasma fat 
concentrations resulting from ingestion of the 
different oils were similar throughout the period. 

PI 5 The Hydrogen Ion Concentration and Dry 
Matter of the Feces of Young Dairy Calves 
Raised on a Limited Whole Milk^Dry 
Starter Method. R. £. Johnson, H. D. 
Eaton, J. H. Kramer, E. L. Junoherr, 
W. N. Plastridge and L. Nezvesky, Uni- 
versity of Connecticut and Storrs Agr. £xpt. 
Station. 

Diarrhea occurs frequently in young dairy 
calves and may be a predisposing factor in calf 
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mortality. The terms “diarrhea” and “scours” 
have been used subjectively in calf studies. 

To evaluate these terms more objectively in 
future studies, pH and dry matter were deter- 
mined on feces obtained from 15 calves which 
apparently were free from looseness of the bowels 
and which were raised under a limited whole 
milk-dry starter system. Feces samples were ob- 
tained from 1 through 14 d. of age, and in addi- 
tion on the 18th, 21st and 28th days. At the 
first day of age pH values were between 5.4 and 
6.2 and thereafter a gradual decrease in acidity 
occurred. Between the 14th and 21st days, a 
change from acidity to alkalinity occurred. At 
the 28th day, the pH values ranged from 7.2 to 
8.4. In contrast to pH, a wide degree of varia- 
bility occurred in the dry matter. In all calves, 
the dry matter increased to a maximum level at 
3 to 4 d. of age. Thereafter, a marked drop oc- 
curred and the lower level was maintained 
throughout the remainder of the 28 d. 

P16 The Influence of Pasture and Rumen In- 
oculation on the Establishment of Certain 
Microoiganisms in the Rumens of Young 
Dairy Gailves. W. D. Pounden and J. W. 
Hibbs, Ohio Agricultural Experiment Sta- 
tion. 

Rumen inoculations with cud materials from 
cows on pasture were given 6 of 12 calves which 
were fed milk and placed on lawn pasture at 4 
d. of age. Rumen protozoa and certain bacteria, 
used as indicators of the presence of varieties 
characteristically associated with hay ingestioi^ 
readily were established in all inoculated calves. 
The bacteria were established in a relatively less 
degree in two calves which received grain sup- 
plement. Protozoa did not develop in the unin- 
oculated calves. Some characteristic bacteria be- 
came established in four of the six uninoculated 
calves by 6 wk. of age, but were limited to one 
of the observed varieties and were relatively few 
m number. The incidence of diarrhea among 
these calves was low and did not appear to be 
influenced by the inoculations. 

Characteristic rumen microoiganisms became 
established only in relatively limited numbers in 
an uninoculated, 2-mo. old calf when it was 
turned out on pasture for 7 wk. with four inocu- 
lated calves of similar age. The marked differ- 
ence in microorganisms was rectified following 
rumen inoculation. Prior to inoculation, this calf 
had persistent mild diarrhea while on pasture but 
gain In weight was similar to an inoculated twin. 

PI7 Hie lufliieiicc of Pasture and Early Rumen 
Developiiieiit on the Changes in die Pbmna 
Garolenoldii Vitamin A a^ Ascorbic Acid 


and the Liver Storage of Carotenoids and 
Vitamin A of Young Dairy Calves* J. W. 
Hibbs and W. D. Pounden, Ohio Agricul- 
tural Experiment Station. 

As a measure of the influence of pasture and 
early rumen development in meeting the vitamin 
needs of calves, an experiment was conducted 
using 12 calves tethered during the day on a lawn 
pasture beginning at 4 d. of age. One-half of 
the calves were inoculated with cud material 
from older animals, which were eating pasture, 
and a 14% protein grain mixture was fed ad 
libitum to half of the calves. Three calves fed 
in the bam served as controls. Milk feeding was 
limited in all calves to the rate of 0.9 lb./ 10 lb. 
of body weight at birth. Blood samples were 
drawn for analysis on the 4th and 7th days of age 
and weekly thereafter for 6 wk. Ten calves were 
slaughtered at 42 d. of age and their livers were 
analyzed for carotenoids and vitamin A. 

The calves on pasture maintained much higher 
blood levels and liver storage of carotenoids and 
vitamin A during the first 6 wk. after birth than 
the controls. Plasma carotenoids averaged 255 
y/100 ml. at 42 d. of age. The plasma ascorbic 
acid at 14 d. of age also was higher in the pasture 
fed groups. 

Rumen inoculations were not shown to affect 
the blood or liver vitamin levels observed. 

All calves grew well and no adverse effects due 
to the consumption of pasture were observed. 

Data also are presented showing the changes in 
plasma carotenoids, vitamin A and ascorbic acid 
before and after turning five older calves (aver- 
age 71 d. of age) out to pasture. These calves 
had been raised until the pasture period in the 
bam, three with and two without rumen inocu- 
lations. 

It is concluded that good pasture grass, when 
available, can be utilized by calves, even at an 
early age, as an effective means of meeting their 
vitamin needs and as an economical source of 
other nutrients. 

P18 Carotene Requirements for Young Dairy 
Calves. R. F. Eluott^, Cornell University. 

Studies were carried out involving 19 Guernsey 
and 16 Holstein calves in an attempt to determine 
the amount of carotene necessary to promote nor- 
mal growth, maintain adequate plasma levels and 
obtain liver storage of vitamin A. A daily in- 
take of 3.2 mg. of carotcne/100 lb. body weight 
was not sufficient for normal growth. This caro- 
tene intake did not maintain adequate plasma 
vitamin A levels or liver stores in Guenisey calves 
up to 60 d. of age, even though the calvm wiire 

' Present address: University of Kentucky. 
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allowed colostrum. The Holstein calves were 
able to make an average gain of 53 lb. in 60 d., 
even though the plasma vitamin A levels were 
below normal and no liver storage occurred. 
Daily intakes of 6 mg. of carotene for Holstein 
and 10 mg. for Guernsey calves for each 100 lb. 
body weight were sufficient to maintain only bor- 
derline plasma levels and slight liver storage of 
vitamin A. Normal growth occurred at these 
levels of intake. 

P19 The Plasma Levels of Carotene and Vita- 
min A in Calves from Dams Milked Prepar- 
tum and in Calves from Dams Milked Post- 
partum. H. D. Eaton, A. A. Spielman, 
R. E. Johnson, and L. D. Matterson, Uni- 
versity of Connecticut and Storrs Agricul- 
tural Experiment Station. 

Prepartum milking results in a marked decrease 
in both the carotene and vitamin A content of 
colostrum. Since colostrum contributes a large 
proportion of the carotene and vitamin A in- 
gested by the young calf, it is of value to know 
what effect prepartum milking of the dam has on 
these metabolites in the young calf. 

A total of 36 calves, 18 of which were from 
dams milked twice daily for 10 d. prior to the 
due date and 18 of which were frotp dams milked 
only after calving, were used. All calves were 
fed weighed amounts of colostrum and milk from 
their rc.spective dams for the first 7 d. after birth 
and herd milk thereafter. After the first week, 
all calves had free access to hay, starter and 
water. Blood .samples were drawn at birth and 
at weekly intervals thereafter until 4 wk. of age. 

There were no significant differences in the 
blood plasma levels of carotene and vitamin A at 
birth. However, for the remainder of the ex- 
perimental period, 1, 2, 3 and 4 wk. of age, both 
the blood plasma carotene and vitamin A were 
significantly higher in those calves from dams 
milked postpartum (P<0.01), as compared to 
those values for the calves from dams milked 
prepartum. 

I^partum milking results in significantly lower 
blood plasma levels of carotene and vitamin A in 
young calves. 

P20 Effect of Type of Dispenion on Rate of 
Absorption of Carotene and Vitamin A by 
Dairy Calves. G. H. Wise, N. L. Jacobson, 
R. S. Allen and S. P. Yano, Iowa State 
College. 

Carotene and vitamin A, respectively, were dis- 
persed in a reconstituted milk, containing 10% 
non-fat milk solids and 3% hydrogenated soybean 
oil, and were fed to calves at the rate of 100,000 


l.U./IOO lb. body wt. Subsequent changes in 
the concentrations of carotene and vitamin A in 
plasma of blood collected at 3-hr. intervals over a 
period of 15 hr. were used as an index of ab- 
sorption. Employing the nipple system of feed- 
ing calves, uptake of carotene from an oil con- 
centrate (50,000 I.U./g.) in the milk was greater 
when dispersion was accomplished by homogen- 
izing at 3,000 lb. pressure than when effected by 
stirring. A similar companson of dispersions of 
a natural ester vitamin A oil (30,000 I.U./g.) re- 
vealed no difference between homogenization and 
stirring. The rate of absorption of vitamin A, 
however, was greater than that of carotene. 

Vitamin A oil (100,000 I.U./g.) dispersed by 
means of an emulsifying agent (Tween 80)' was 
absorbed more readily and apparently to a greater 
degree than the unemulsified oil. The differ- 
ences were more pronounced when given via nip- 
ple than when delivered by stomach tube into the 
rumino-reticular cavity. The slower absorption 
from the latter procedure substantiates previous 
observations indicating that the method of ad- 
ministering vitamin constituents affects the rate of 
absorption. 

P21 Studies on the Site of Absorption and Con- 
version of Carotene to Vitamin A in the 
Dairy Calf. R. F. Eluott®, Cornell Uni- 
versity. 

An operative technic was used as a method 
for studying the sites of absorption and conver- 
sion of carotene to vitamin A in the dairy calf. 
Blood samples taken from various sites along the 
intestinal tract showed a seemingly significant 
increase in plasma vitamin A values following 
the ingestion of carotene concentrate. The caro- 
tene plasma values showed a marked decline in 
most cases in contrast to that expected if carotene 
was absorbed as such into the blood supply lead- 
ing from the small intestine. The carotene values 
of fresh liver tissue from biopsy samples showed 
a corresponding increase but were smaller than 
the increase in vitamin A. Evidence was pre- 
sented in support of the view that the intestinal 
wall is a site of conversion of carotene to vitamin 
A in dairy calves. 

High-carotene blood plasma was given intra- 
venously to two Guernsey and two Holstein calves 
to study further the function of the liver in caro- 
tene conversion. Since the intestinal tract was 
by-passed in this way, it was assumed that any in- 
crease in plasma vitamin A or in liver stores 
would be due to conversion of carotene to vita- 

' Vitamin preparations supplied through the cour- 
tesy of Distillation Products, Inc., Rochester, N. Y. 

* Present address; University of Kentucky. 
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min A in the liver. Decreases in the plasma caro- 
tene values occurred in Guernsey and Holstein 
calves with no rise in the plasma vitamin A 
values. The liver vitamin A values did not in- 
crease in Guernsey calves injected intravenously 
with high-carotene plasma. Large increases were 
observed in Holstein calves, but only equal to that 
observed in a control calf. No positive evidence 
was obtained to show that carotene in blood 
plasma is converted to vitamin A in either the 
Guernsey or Holstein calf. 

P22 Calf Losses in a Dairy Herd Consisting of 
Five Breeds. E. E. Ormiston, University of 
Illinois. 

The losses of dairy calves even in well-man- 
aged herds limit the opportunity for selection of 
only the more desirable animals in a constructive 
breeding program. 

The losses occurring in a herd of five breeds, 
from 1935 to 1947, inclusive, are reported. A total 
of 809 heifer calves was bom, of which approxi- 
mately 6% were abortions and stillbirths. Of 
the normal heifers bom 24% died before they 
were 1 yr. of age. Seventy per cent of these calf 
losses occurred within the first 60 d. and in ap- 
proximately one-third of the deaths, pneumonia 
was identified as one of the responsible agents. 
There was no significant difference in the losses 
between the five breeds. 

The herd was maintained under what generally 
arc considered good management practices and 
was free from contagious abortion. Accurate 
records were kept of the history of each calf with 
a clinical report of the cause of death in prac- 
tically all instances. 

P23 The Influence of Variations in Environ- 
mental Temperature and Thyroid Status on 
Growth and Feed Consumption in the Male 
Mouse. M. Maqsood and E. P. Rein eke, 
Michigan State College. 

Groups of young male mice were fed 0,1 or 
0.2% thiouracil or several different levels of thy- 
roprotein for periods of 3 to 4 wk. at environ- 
mental temperatures of 24 and 30® C. Their 
daily food and water consumption and weekly 
body weights were recorded throughout the ex- 
perimental periods and compared with normal 
control values obtained under the same environ- 
mental conditions. 

Thyroprotcin, when fed as 0.025 and 0.05% of 
the feed at 24® C., caused an increase of 13 and 
24% in body weight gain, respectively, and the 
mice consumed 20 and 30% more fe^ per day 
when compared with the control j^up. The In- 
crease in ftp# and water increased 


with the increase in dosage of thyroprotein but 
there was no direct relation between the amount 
of feed consumed and the weight gained at 24 
and 30® C. The mice fed 0.005% thyroprotein 
at 30® C. consumed 0.8 g. less feed/g. gain in 
body weight and gained 8 and 31% more weight 
when compared with the two control groups. 
Thiouracil administration caused a decrease in 
body weight gain and food and water consump- 
tion. 

Raising the environmental temperature from 
24 to 30® C. caused a tenfold reduction in the 
optimal thyroprotein dosage in the mouse, indi- 
cating that the demand for thyroxine is compara- 
tively less at high than at low temperatures. 


P24 Factors Affecting Heat Tolerance of Dairy 
Cattle.^ R. E. McDowell and R. A. 
Hilder, Bureau of Dairy Industry, USDA. 

Studies have been conducted under controlled 
environmental temperature conditions with Hol- 
stein cows at Bcltsville to determine the effect of 
stage of lactation and plane of nutrition on heat 
tolerance. In comparing dry cows and lactating 
cows at 65® F., there was no difference in body 
temperature between the two groups. At air 
temperatures of 90 and 100® F., there was little 
change in the body temperature of the dr>’ cows, 
but there was a definite increase in body tem- 
perature in the lactating cow group. Greatest 
rises in body temperature are associated with 
higher feed intake at high environmental tem- 
peratures in both dry and lactating cow's. 

In these studies respiratory rate tended to 
" parallel environmental temperature in all groups. 
Environmental temperature appeared to have no 
direct effect on pulse rate. 

P25 The Comparative Heat Tolerance of Red 
Sindhi X Jersey and Other Breeds of Dairy 
Calves.^ R. A. Hiloer and R. E. Mc.- 
Dowell, Bureau of Dairy Industry, USDA. 

The effect of high environmental temperatures 
on body temperature, respiratory rate and heart 
rate have been studied on four groups of calves: 
Red Sindhi X Jersey crossbreds, purebred Jersey, 
purebred Holstein and crossbreds of various com- 
binations of European breeds. Part of the studies 
were carried out under natural climatic condi- 
tions at Bcltsville during the summer of 1947, and 
part were done in a room in which air tempera- 
bire was controlled. In their ability to maintain 
normal body temperature, the groups rank as fol- 

^ This work was done with funds from die Agri- 
cultural Research and Marketing Act of 194fi. 
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lows; Red Sindhi X Jersey, purebred Jersey, 
crossbreds of European breeds, and purebred Hol- 
stein. The difference between the Red Sindhi 
X Jersey group and the purebred Jersey group 
was slight except during prolonged exposure to 
high environmental temperature. The Red 
Sindhi X Jersey group definitely was lower than 
the other groups in respiratory rate. In these 
studies environmental temperature appeared to 
have no direct effect on heart rate. 

P26 Reactions of Dairy Cows to Higher Tem- 
peratures. S. Brody,' Missouri Agricultural 
Experiment Station. 

The lowest temperature at which cows begin to 
show decline in milk production and feed con- 
sumption and rise in rectal temperature is be- 
tween 70 and 8.*)° I’., varying with body size and 
milk-yield level — the greater the body size and 
milk yield the lower this “critical temperature.” 
The highest temperature used was 105® F., when 
chamber and skin temperature met, obviously an 
important biological constant; the rectal tempera- 
ture then was between 106® F. (Jerseys) and 
108® F. (Ilolstcins); milk production and feed 
consumption then virtually ceased. 

Respiration rate increased in “acclimatized” 
COW'S from an initial 25 /min. at 50° F. to maxima 
of 90 in Holsteins at 95° F. and 130 in Jerseys 
at 105® F.; in “unacclimatized” cows the maxi- 
mal respiration rates of 1 18 in Holsteins and 155 
in Jerseys were reached at 95® F. 

Rectal temperature began to rise earlier (at 
70® F.) and the rate of rise w'as steeper in the 
larger cows; its rise w'as least in cows with the 
greatest ri.se in respiration rate; its ri.se w'as least 
in cows that drank the most w'ater. One cow 
increased her water consumption (w'ith corre- 
sponding increase in urine output) from 10 gal. 
at 50° F. to over 45 gal. at 100 F. 

A sharp rise (100%) in blood creatinine was 
found. A decline in blood cholesterol resulted. 
A decline (40%) in heat production occurred 
with increasing temperature above 80® F. 

P27 The Effect of Increasing Environmental 
Temperatures on the Gompositoin of Milk. 
J. W. Gobble and A. C, Raosdat.e, Univer- 
sity of Missouri. 

Changes in the composition of milk where 
COW'S arc subjected to high environmental tem- 
peratures were studied on a group of ten cows in 
the Psychrocncrgetic Laboratory at the Univer- 

^ A summary of results prepared for publication 
(Missouri Research Bulls. 423, 425, 433, 435, 436) 
by staff members of the Climatic Project on which 
the Missouri Agricultural Experiment Station and 
the USDA (BPISAE) are cooperating. 


sity of Mis.souri. Five cows were used as con- 
trols and five were subjected to various tempera- 
tures over a 5-mo. period. The temperature on 
the experimental cows, three Jerseys and two 
Holsteias, was increased systematically from 50 
to 105® F. by 5 to 10® F. During the last 14 d. 
of the experiment the control cow's were subjected 
to a rapid increase in temperature up to 100° F. 
Some 850 samples of milk were collected and 
determinations made for total solids, fat percent- 
age, .solids-not-fat, lactose, chloride and nitrogen. 

Data from these studies indicate a rise in the 
fat percentage, total solids and chlorides with an 
increase in temperature above 80 to 90° F., vary- 
ing with breed and individual. Solids-not-fat, 
lactose and nitrogen, to a lesser extent in tlic 
Jerseys, .showed a downw'ard trend at the .same 
temperature levels. All constituents studied re- 
turned to approximately normal levels w'ith a re- 
turn to 60® F. reading. 

In the rapid change of temperatures up to 100® 
F. over a l4-d. period, extreme increases w^ere 
observed in the total solids, solids-not-fat, fat 
percentage, chlorides and nitrogen. I..actose 
dropped to a low level. 

Results obtained in composition of milk indi- 
cate breed differences, as well as an individual 
difference in ability to withstand high environ- 
mental temperatures. 

P28 The Influence of Temperature on the Garo- 
tenoid and Vitamin A Gontent of Milk Fat. 

O. T. Stallcup and A. C. Ragsdale, Uni- 
versity of Missouri. 

Studies have been made on the effects of en- 
vironmental temperature on the carotenoid and 
Vitamin A content of milk fat of four Holstein 
and six Jersey cows in the Psychrocncrgetic Lab- 
oratory at the University of Missouri. Two Hol- 
stcins and three Jerseys were kept in a chamber 
in which the temperature was raised from 50 to 
105® F. over a 5-mo. period. Two Holsteins and 
three Jerseys serving as conifols were kept at a 
temperature approximating 50° F. for the dura- 
tion of the experiment, ITie animals were fed 
the regular grain mix used in the University herd. 
Cod liver oil furnishing 75,000 units of Vitamin 
A and 10,000 units of Vitamin D was added at 
the time the animals were changed to 80® F. 
The animals were fed 2 lb. of beet piilp/day and 
alfalfa hay ad libitum as the sources of roughage. 
The carotenoids and Vitamin A Were determined 
by the method of Boyer et al. Milk samples were 
taken at approximately weekly intervals through- 
out the trial. 

There was variation in both the experimental 
and the control groups with regard to the caro- 
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tenoid content of the fat. In most cases these 
variations tended to follow the consumption of 
hay rather than the pattern of ambient tempera- 
tures. The Vitamin A content of the milk fat 
was less variable, there being little difference in 
the values of cither group except in the case of 
some of the experimental animals when they were 
taken from the hot chamber and feed consump- 
tion was increased markedly. 

P29 The Carotene Requirements of Guernsey 
Cattle for Reproduction (Progress Report). 
A. H. Kuhlman and W. D. Gallup, Okla- 
homa A. and M. College. 

If the carotene intake per pound body weight 
during the last 90 d. before calving is used as a 
basis for determining the carotene requirements 
of Guernseys for reproduction, the 32 calving rec- 
ords now available show extremely large and 
seemingly inconsistent variations between indi- 
vidual cows. In 20 cases in which the average 
daily carotene intake during the last 90 d. before 
calving ranged from 38 to 81 y per lb. body 
weight, reproduction was unsatisfactory in more 
than one-half of the cases at all levels within the 
range of carotene intake in this group. Of the 
twenty calves, only nine were normal at birth, 
four had a constricted optic foramen, three were 
bom prematurely, one died of convulsions, and 
three were extremely weak. Twelve cows w'ith 
carotene intakes ranging from 83 to 158 y daily 
during the last 90 d. before parturition produced 
eight normal calves, two weak calves which died 
and two dead calves. 

No positive conclusions can be drawn from in- 
formation available now except that, in geneial, 
the carotene requirements for Guernseys for re- 
production appear to be much higher than for 
Jerseys and there seem to be much greater indi- 
vidud variations in the Guernsey breed than ^vere 
found in Jerseys. 

P30 Vitamiu A Absorption Studies in Rumi- 
nants. R. P. Niepxrmexer, V. R, Smith and 
L. H. Schultz, University of Wisconsin, 

Changes in plasma vitamin A levels were used 
to study absorption of this vitamin from the abo- 
masum, small intestine and large intestine of 
goats. Massive doses of aqueous dispersed vita- 
min A were administered by direct injection into 
the part of the tract being studied, and when 
necessary that portion of the tract isolated by 
ligation and severance. Controls were treated the 
same way except for injection of vitamin A. 
Vitamin A was determined on pre-treatment 
blood samples and on samples ts^en at 2-hr. 
istervais for tiie first 10 hr. of the post-treatment 
period. 


After the administration of 250,000 I.U. of 
vitamin A, the following blood plasma increases 
in vitamin A levels were obtained: An increase of 
10 y per cent when injected into the abomasum, 
an increase of 20 and 50 y per cent in two trials 
on the small intestine, and 14 y per cent in the 
large intestine. In all cases the peak was reached 
within 10 hr. after treatment, with a drop to near 
pre-treatment levels in 24 hr. With oral adminis- 
tration the maximum increase of 9 y per cent was 
reached in 12 hr. with no appreciable drop in 
72 hr. 

P31 Relation Between the Carotene in the Feed 
and the Vitamin A Potency of Butter. H. G. 
Wiseman and J. B. Shepherd, Bureau of 
Dairy Industry, USDA. 

The vitamin A potency of butter in I.U./lb. 
has been shown by results at Beltsville to be, in 
general, related to the carotene intake by the 
equation Y = 1 2,9 1 2 + 8,937x, x = Log intake 
(mg./day). From this equation it is evident that 
even for “winter butter** a much greater carotene 
intake (480 mg./day) is required than for any 
other normal function of the cow. To improve 
the vitamin A potency of “winter butter** for hu- 
man use much better methods of carotene preser- 
vation in forages are needed, yet methods which 
for the farmer are economically feasible. 

The losses in carotene in the harvesting of com- 
parable lots of alfalfa as field-cured hay, bam- 
dried hay and as silage have been measured dur- 
ing the past 3 yr. at Beltsville. Silages have 
shown nearly 9 times as much carotene as field- 
cured hay not exposed to rain, and 20 times more 
carotene than that which was exposed. Silage 
showed less loss in dry matter and protein than 
field-cured or barn-dried hays. Butter obtained 
from cows fed this silage had three times the 
vitamin A potency of butter from cows fed U. S. 
no. 2 field-cured hay. 

If high quality alfalfa silage can be produced 
regularly it appears economically practical to 
raise the vitamin A potency and yield of milk or 
butter during winter feeding. 

P32 Further Studies on the Relation of Soybeans 
to the Vitamin A Requirements of Dairy 
Cattle. M. F. Ellmore and J. C. Shaw, 
University of Maryland. 

Calves on a ration containing 30% raw soy- 
beans and receiving 48 y of carotcne/lb. of body 
weight exhibited a 40% decrease in plasma caro- 
tene and 30% decrease in plasma vitamin A. 
Calves on the same ration but recriving 64 y of 
carotene/lb. of body exlubited a similar 
decrease in plasma carotene and vitamin A. Hie 
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addition to soybean oil of a combination of N.D.- 
G.A., Tcnox 2, and quercetin sulfonic acid at a 
level of 0.4% of the oil did not prevent the ad- 
verse effect of soybeans. 

P33 Role and Sources of in the Normal 
Mammal. A. M. Hartman, L. P. Dryden 
AND G. A. Cary, Bureau of Dairy Industry, 
USDA. 

The authors reported some years ago, as the 
result of work with rats, that a chemically still- 
unidentified nutrient (A*) occurs in milk, non- 
fat milk solids, cheese, commercial casein, liver 
extracts and leafy foods and feeds (roughages), 
but is practically absent from yeast and grains; 
that this factor is required for growth, develop- 
ment, reproduction and lactation; that growth 
without it is particularly poor on diets containing 
lactose; and that high levels of protein arc very 
deleterious, may even be lethal, when fed in diets 
deficient in X. 

Insofar as growth is concerned, now has 
been shown to function like X even with animals 
on high protein diets; the relation of B^j to the 
utilization of protein, especially in relation to the 
utilization of high-protein diets, suggests a funda- 
mental function of this vitamin in the normal 
mammal. 

As a result of this w'ork it is obvious that the 
foods and feeds with X activity possess Bjj po- 
tency, but a Bi 2 deficiency in our animals may 
be overcome by feeding crystalline Bjgi or ma- 
terials like liver extracts which contain ^ 

dialyzable form, or milk or the above milk prod- 
ucts or leafy foods or feeds which contain a 
chemically still-unidentified, non-dialyzable ma- 
terial which produces the same result in the ani- 
mal as Bj 2 or diets (like one containing an exces- 
sively high level of riboflavin) whicJi induce the 
development of bacteria in the animal that syn- 
thesizes a Bx 2 -active material. 

Evidence indicates that cows ordinarily may 
synthesize enough B ,2 to maintain the Bjs potency 
of the milk. There arc suggestions, however, that 
some results on protein requirements of milking 
cows may have to be reconsidered in this con- 
nection. 

P34 The Vitemin D Content of Roughages. 
G. C. Wallis, C. A. Smith and R. H. Fish- 
man, Standard Brands and Agricultural Ex- 
periment Stations of Florida, Illinois, Kansas, 
Michigan, New York, North Carolina, South 
Dakota, Texas and Washington and The 
California State Polytechnic College. 

A nation-wide survey of the vitamin D content 
of rongheges has been made. Sixty-two samples 
of hay and other roughages representative of the 


kinds produced and curing methods used in the 
various sections of the country are included. Hay 
samples were graded and classified by the USDA. 

The results revealed striking and unpredictable 
variations in the vitamin D content of roughages. 
The lowest value obtained in this study was 59 
U.S.P. units of vitamin D/lb. for a sample of sun- 
cured oat and vetch hay. The highest was 1,407 
units for a sample of sun-cured peanut hay. Sun- 
cured alfalfa hay varied from 64 to 1,044 units 
of vitamin D per lb., a 16-fold variation. De- 
hydrated alfalfa meals ranged from 82 to 268 
units/lb. Strangely enough, the low value for 
sun-cured alfalfa hay was less than the low value 
for dehydrated alfalfa meal. Sun-cured prairie 
hay varied from 499 to 681 units/lb. mow-cured 
soybean hay from 163 to 681 and silages of vari- 
ous kinds from 61 to 105 units/lb. of wet silage. 
Information also will be presented on the vitamin 
D content of sun-cured timothy hay, clover, soy- 
bean and lespedeza hay, various kinds and grades 
of mixed hays, sorghum fodder and winter range 
grasses. 

These results emphasize the fact that wide and 
unpredictable variations exist in the vitamin D 
content of roughages. Many factors are con- 
cerned in determining their vitamin D content 
besides the extent of sunshine exposure during 
curing. Much careful research is needed yet to 
discover these factors and to properly evaluate 
their effect on the vitamin D content of roughages. 

P35 The Effect of the Proportion of Roughage 
in the Ration on the Growth of Dairy 
Heifers, K. E. Harshbarger and G. W. 
Salisbury, University of Illinois. 

Differences in growth of 15 Holstein heifers fed 
rations containing from 55 to 94% roughage have 
been measured. Five rations with three heifers 
on each have been tested. The four experimental 
rations were made up principally of timothy hay, 
soybean meal and com. The control ration was 
made up of clover hay, com silage and limited 
grain, 'i'he experimental rations contained from 
48.2 to 61.5% TDN and approximately 7,2% 
digestible protein. The timothy hay and grain 
were ground and mixed together in order that all 
components of the rations would be consumed in 
the same ratio. 

The average daily gain in live weight at the 
end of 12 wk. was above normal for all rations 
except the experimental ration containing 94% 
timothy hay. However, the TDN consumed per 
pound of gain in live weight above the estimated 
maintenance requirement was approximately the 
same for all rations except the experimental ration 
containing 55% timothy hay. ITie ration con- 
taining 70% timothy hay produced the laigest 
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rate of gain and required the least amount of 
TDN/Ib. of gain. 

P36 Prelimiiiary Report on the Influence of 
Soil Fertility on the Healdi» Reproduction 
and Milk Pi^uction of Dairy Cows. G. W. 
Duncan, K. M. Dunn, R. E. Ely, S. T. 
Dexter and C. E. Mili.ar, Michigan Agri- 
cultural Experiment Station. 

A long-range experiment was started in 1945 to 
study the characteristics of various species of 
plants when grown on natural soil highly de- 
pleted of mineral nutrients, and on the same soil 
with large additions of lime and mineral fertil- 
izers. The products from a 200-acre farm so 
handled were fed to two groups of dairy cows. 
Since the two rations must be composed of the 
same species, and since forage legumes such as the 
clovers and alfalfa would not grow on the de- 
pleted soil, grass hays were grown, together with 
com, wheat, oats and soybeans as concentrates. 
At the outset, it was recognized that this would 
not constitute a thoroughly satisfactory dairy ra- 
tion, due to the lack of a legume hay, and that, 
in agricultural practice, alfalfa or clover would 
be grown on the improved soil. 

The chemical composition of the crops grown 
on the fertilized and depleted soils has been deter- 
mined for each crop year. The oats, corn, and 
soybeans show a remarkable uniformity in com- 
position from year to year. In the first harvest 
year, the hay from the fertilized fields was stemmy 
and was not consumed readily. To correct this 
difficulty, the amount of nitrogen fertilizer was 
decreased and the hay was cut earlier than on the 
depleted fields. The total digestible nutrient and 
digestible protein intakes are now approximately 
equal for both groups. The milk and fat pro- 
duction records of the cows receiving the unfer- 
tilized hay definitely were higher in the first lacta- 
tion period than those of the cows receiving the 
fertilized hay, but this difference has diminished. 
No difference can be noted in the general well- 
being of the cows on the two rations. Herd 
health has not been a problem with these cows. 
At the present time the data show a slightly 
higher number of services per conception for the 
cows receiving the feed grown on the fertilized 
soil, although little significance can be attached 
to ^ese at this time. 

Systematic chemical analyses have been made 
on the colostrum, milk and blood of all the cows 
since the beginning of the experiment. These 
data show no differences that would indicate a 
nutritional superiority of the crop species grown 
in highly fertilized soil over the same crop species 
grown on the depleted soil. As would be antid- 


pated, crop yields on the fertilized soil were far 
greater than those on the depleted soil. 

P37 Conservation of Nutrients and Feeding 
Value of Wilted Silage, Bam-cured Hay 
and Dehydrated Hay. R. E. Ely, L. G. 
SCHOEN LEBER, J. B. ShEPHERD, H. G. WiSE- 
MAN, G. G. Melin, W. H. Hosterman and 
R. E. Wagner, Bureau of Dairy Industry, 
BPISAE, PMA, and USDA. 

Comparable plots of second cutting 1948 forage 
were harvested and stored as wilted silage, bam- 
cured hay and dehydrated hay. The forage was 
principally alfalfa with a small percentage of 
grass. All forage was harvested with a field 
chopper. Supplemental heat was used in barn 
hay drying. One-half of each kind of forage was 
cut and harvested on July 13, 14 and 15, and the 
balance on July 19, 20 and 21. Part of the for- 
age harvested by each method was rained on 
before being stored, llie forages all were of 
about equal quality with an official grade of U. S. 
no. 2 leafy alfalfa light grass mixed hay. 

Nutrient preservation in the wilted silage, barn- 
dried hay and dehydrated hay was, respectively: 
dry matter 77, 79 and 84%; protein, 77, 77 and 
81%; and carotene, 17, 15 and 25%. Average 
daily milk production per cow on wilted silage, 
barn-dried hay and dehydrated hay was 33.9, 36.1 
and 35.2 lb., respectively. Initial production was 
about the same on wilted silage and dehydrated 
hay, and about 1.5 lb. higher on the barn-dried 
hay. The 30-d. declines in production were 10.2, 
7.8 and 7.1%, respectively. The labor and 
equipment requirements were about equal for 
the wilted silage and barn dried hay, but the 
labor required for the dehydrated hay was some- 
what higher. 

P38 Observations on Time Required for Dairy 
Cows to Eat Grain, Silsqi'e and Hay. K. E. 
Harshbarger, University of Illinau. 

The principal objective in this study was to 
determine the average rate at which dairy cows 
eat grain, silage and hay. Time studies were 
completed on Ayrshire, Brown Swiss, Guernsey, 
Holstein and Jersey cows. 

The average rates of eating ranged from about 
2 to 3 min./lb. for grain, 1.75 to 2.75 min./lb. 
for silage and 7 to 16 min./lb. for hay. For every 
type of feed, the rate of eating was highest for 
Holsteins and lowest for Jerseys, with other breeds 
intermediate. In addition to breed differences, 
there are many other factors that affect the rate 
of eating feeds by dairy cows. 

Information on the time^ required by cows to 
consume grain is of conitden^le practical im- 
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portance in connection with the design and opera- 
tion of milking parlors. When cows are milked 
in a milking parlor by the rapid milking pro- 
cedure, they generally do not have sufficient time 
to eat grain allowances during the actual milking 
process. 

P39 How Hay Feeding to Cows on Pasture Af- 
fected Milk Production and Body Weight. 

D. M. Seath, University of Kentucky. 

No appreciable increase in milk production or 
body weight change resulted from feeding alfalfa 
hay free-choice to milking Holstein and Jersey 
cows on pasture during a 45-d. experimental 
period from July 17 to August 30, 1948. Two 
experimental groups of 5 cows each received hay 
and were compared to a third five-cow control 
group not receiving hay while grazing on orchard 
grass-alfalfa pasture. Not over 20% of the herb- 
age consisted of alfalfa and the grazing took place 
following the harvesting of the early spring 
growth for silage and hay. Hay cdhsumption 
varied from slightly less than 6 lb. per head daily 
during the first 13 d. of the experiment, when 
receiving first cutting alfalfa hay, to slightly more 
than 14 lb. during the last 32 d. of the experi- 
ment when second cutting alfalfa was being fed. 
Relatively dr)' weather during the last 2 wk. of 
the experiment caused the pasture herbage to ap- 
pear dry and lacking in succulent growth. In 
spite of this, the group not receiving hay produced 
as well as did the groups receiving hay during this 
period. All three groups produced at a lower 
level than did ten comparable cows within the 
regular experiment station herd grazing bluegrass 
pasture. Besides the difference in pasture, this 
latter group had access to more ample shade than 
was available to the three five-cow groups. 

P40 A Method for Estimating the Feed-replace- 
ment Value of Pasture ' Forage. W. B. 

Nevens, R. W. Touchberry and J. A. 

Prescott, Jr., University of Illinois. 

This investigation had for its objective the 
design of a simple method for the measurement 
of the feed-replacement value of pasture herb- 
age. Fifteen pairs of high-producing cows were 
selected. The cows of a pair were nearly alike 
in weight, stages of lactation and gestation and 
level of milk yield. One caw of each pair was 
assigned at random to the “pasture group” and 
the other to the “dry-lot group”. The pasture 
group was allowed access to a pasture of known 
area and was given grain mixture as the only sup- 
plementary feed. The dry-lot group received 
only silage, alfalfa hay, beet pulp and the same 
kind of grain mixture as that given the pasture 
group. The experiment lasted 18 wk. 


The production of the two groups was not 
significantly different. The method of calculat- 
ing the feed-replacement value of the pasture is 
to find the difference between the amounts of 
feed, other than pasture, given the two groups 
of cows. For this experiment, the difference 
amounted to 3,554 lb. silage, 1,935 lb. hay, 169 
lb. beet pulp and 510 Ib. grain mixture. Divid- 
ing each of these amounts by 38.38, the yield per 
acre of FCM (fat-corrected milk) in cwt., gives 
the feed-replacement value/] 00 lb. FCM. 

P41 Distribution of Intravenously Injected 
Radioactive Phosphorous (P^'*^) in the Body 
of the Dairy Cow. N. P. Ralston, Max 
Kleiber, A. H. Smith and A. L. Black, 
University of California. 

A venous catheterization technic has been 
adapted for accurate injection of materials into 
the blood stream of dairy cows. This method al- 
lows the drawing of frequent blood samples over 
prolonged periods. A scries of experiments has 
been conducted, concerning phosphorous metab- 
oli.sm, employing this method. 

Two of these experiments were terminated by 
slaughtering the cows in order to study the dis- 
tribution of the injected radioactive phosphorous 
in the tissues. 

P42 The Effects of Lactose Feeding on Lactase 
Production.^ Jes.sie Flscher, T. S. Sutton, 
J. L. Lawrence, H. H. Weiser and G. L. 
Stahly, Ohio State University. 

'Fhree groups of rats were fed rations contain- 
ing carbohydrate as follows: (1) 67% cornstarch; 
(11) 31.6% lactose (.supplied by non-fat dr>' milk 
solids) plus 32.8% cornstarch; and (111) 31.6% 
USP lactose plus 35.4% cornstarch. Rats in 
groups II and III cxliibited diarrhea. Diarrhea 
disappeared entirely in group III but occasionally 
w'as observed in group II during a 6-nio. feeding 
period. The rats then were killed and the total 
lactase activity of the small intestinal mucosa of 
each rat was determined. In 4 hr. the following 
average percentages of lactose were hydrolyzed: 
(I) 37.6%, (II) 48.2%, and (111) 42.7%. 
These differences were not significant. 

In another experiment, three groups of rats 
were fed rations containing 67% carbohydrate 
as follows: (I) 67% cornstarch, (II) 15% USP 
lactose plus 52% cornstarch, and (III) 35% USP 
lactose plus 32% cornstarch. Rats from each 
group were killed and total small intestinal lac- 
tase determined at 0, 1, 4, 8 and 18 wk. No rela- 
tionship between lactase concentration and lactose 
feeding at these two levels was found. 

' Research supported by the American Dry Milk 
Institute, Inc. 
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These results considered in conjunction with a 
study of lactase activity of the cecal contents of 
some of these same rats reported elsewhere^ indi> 
cate that any significantly greater lactase activity 
in response to lactose feeding is microbiological 
rather than mucosal in origin. However, the 
available data are not conclusive proof that the 
disappearance of diarrhea with continued lactose 
feeding is a result of microbiological changes 
abne. 

P43 Blood Sugar Studies in Relation to Ketosis 
in Ruminants. L. H. Schultz, V. R. Smith 
AND H. A. Lardy, University of Wisconsm. 

This study was undertaken in an effort to ob- 
tain additional information regarding the rela- 
tionship between blood sugar and blood ketone 
levels in ruminants. Goats were used in all of 
the studies. By means of daily injections of 80 
units of protamine zinc insulin it was possible to 
maintain blood sugar levels below 30 mg. % 
for a week with no increase in blood ketones or 
particularly adverse effects upon the animal. In^ 
travenous injection of alloxan at the rate of 90 
mg./kg. of body weight caused an initial hyper- 
glycemia, then a hypoglycemia and finally a 
marked and permanent hypeiglycemia. There 
was a gradual but marked increase in blood ke- 
tones. Daily subcutaneous mjections of 1 g. of 
phlorhizin for a period of 1 wk. resulted m the 
excretion of approximately 40 g. of glucose daily 
but caused no marked changes in either blood 
sugar or blood ketone levels. Oral administra- 
tion of 15 g. of ketogenic fatty acids (particularly 
butyric and caproic) caused marked but very 
transitory changes m blood sugar levels. First 
there was a hyperglycemia, then a hypoglycemia 
and finally a somewhat longer period of hyper- 
glycemia. The lowered blood sugar immediately 
followed the peak of ketone body production. 

P44 Biochemical and Histopathological Studies 
of Fasting Ketosis and Spontaneous Ketosis 
of Cows. J. C. Shaw, P. V. Saarinen, B. C. 
Hadjiolos and £. C. Leffel, University of 
Maryland. 

Most of the biochemical alterations observed in 
the blood and various oigans of cows with spon- 
taneous ketosis can be produced by fasting cows 
in the early postpartal period. All the blood 
lipid fractions are low in both fasting and spon- 
taneous ketosis. The plasma organic acid-solu- 
ble phosphorus is low in both cases. The in- 
oxganic phosphorus varies widely in both cases. 
Phosphatase values decrease in Itoth fasting and 

1 Society of American Bacteriologists, Proceedings 
of Annual Meeting, 1949. 


spontaneous ketosis. Oa, Na, K and Cl values 
are normal in both cases. In the early stages of 
spontaneous ketosis the liver fat often approaches 
normal values. The fatty liver obser^^ in the 
later stages of spontaneous ketosis appears to be 
due primarily to fasting. The increase in the 
liver fat in both fasting ketosis and the later 
stages of spontaneous ketosis appears to be due 
mainly to glycerides. The ester cholesterol in- 
creases in both cases but tends to be higher in 
spontaneous ketosis. The total cholesterol in the 
liver varies within normal limits in both cases. 
Of particular significance is the fact that at the 
same low level of blood glucose, ketonemia is 
much more marked in spontaneous ketosis than in 
fasting ketosis. The liver glycogen is depleted 
markedly in both cases. Cows exhibiting fasting 
ketosis do not show clinical symptoms known to 
be associated with spontaneous ketosis though the 
blood glucose values may be very low. In fast- 
ing ketosis as well as in spontaneous ketosis, the 
liver, kidneys, and all of the endocrine glands 
exhibit fatty phanerosis. In the later stages of 
spontaneous ketosis there is a marked degenera- 
tion of the epithelial cells of the various oigans 
and endocrine glands, and severe damage to the 
convoluted tubules of the kidneys always has been 
observed. In most cases of spontaneous ketosis 
significant alterations have been observed in the 
anterior lobe of the pituitary. Also, in spon- 
taneous ketosis the adrenal glands always are en- 
larged, with the degeneration of the epithelial 
cells being most' marked in the zona glomerulosa. 

P45 Standards lor Growth in Weight of Jersey 
Heifers. C. A. Matthews and M. H. Fohr- 
MAN, Bureau of Dairy Industry, USDA. 

The average weights of 378 Jersey heifers, ex- 
cluding twins and inbreds, born and raised in the 
Beltsville herd were used in preparing a standard 
of normal growth by 10-d. periods from birth to 
365 d. of age. Average weights on 360 of these 
heifers were used in preparing a standard by 
months hrom birth to 21 mo. 

Average weights at birth, 90, 180 and 365 d. 
were 55.6, 137.9, 277.0 and 519.3 lb., respectively, 
for the standard by 10-d. periods, and 55.7, 138.3, 

277.1 and 519.7 lb., respectively, for the standard 
by months. The average weight at 18 mo. was 

660.1 lb. 

Slight irregularities in the growth curve for 
average weights were smoothed out by the fitting 
of 4di d^;ree orthogonal polynomials to produce 
the standards for weii^ts at specified ages and 
gains in weight during specified periods. The 
changes in the standard deviations with increase 
in age were smoothed out in the same manner* 
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Factors which divide a normal distribution into 
ten sections with an equal number of items in 
each were applied to these estimated standard 
deviations to provide a system for grading indi- 
vidual animals on the extent of the differences 
between their weights and the standard. 

P46 The Value of Wood Molasses for Growth 
of Dairy Heifers. T. H. Blosser, G. W. 
Sgott^ R. £. Erb and A. O. Shaw, State 
College of Washington. 

Ten heifer calves (eight Holsteins and two Jer- 
seys) ranging in age from 3 to 10 mo. were di- 
vided into two groups of five each. Both groups 
received chopped alfalfa hay and enough grain 
so that they were being fed total digestible nu- 
trients at a level 5% below Morrison’s (20th 
ed.) minimum standards for growing dairy cattle. 
In addition, one group was fed 2 lb. of wood 
molasses daily for the first 8 wk. (1st phase) of 
the experiment and 4 lb. of wood molasses daily 
for the next 7 wk. (2nd phase). 

llie wood molasses-fed group gained 1.22 lb./ 
d. during the 1st phase and 1.37 Ib./d. during the 
2nd phase of the experiment. The control group 
gained 0.94 lb. daily during the 1st phase and 1.06 
lb. daily during the 2nd phase. These differ- 
ences were highly significant. The total of 1,540 
lb. of wood molasses fed during both phases pro- 
duced 155 lb. more gain in the wood molasses- 
fed than in the control group. Thus, 10 lb. of 
wood molas.Hes produced 1 lb. of gain. There 
was no significant difference between the two 
groups in increase in height at the withers. 

The major problem encountered was in regard 
to the palatability of the wood molasses. The 
calves did not relish it, although as the trial pro- 
gressed they seemed to become more accustomed 
to its taste. 

It is concluded that wood molasses is of value 
for growth of dairy calves. 

P47 Effect of Various Milking Procedures, Pre- 
partum and Postpartum, on Composition of 
Mammary Secretions. D. B. Parrish, F. C. 
Fountaine, G. H. Wise, F. W. Atkeson 
AND J. S. Hughes, Kansas Agricultural Ex- 
periment Station. 

Observations were made on composition of 
mammary secretions obtained by various milking 
procedures. Procedures used were; normal post- 
partal milking; partial postpartal milking of one- 
half of the udder; milking of cows and heifers 
commencing 8 to 12 days prepartal; milking one- 
half the udder throughout the gestation period, 
followed by normal milking postpartum; and 
single mtUtings 3 to 12 d. after commencement 


of the normal dry period. Except in the latter 
case, milkings were made twice daily. Oxytocin 
was used in some of the trials. 

Changes in the secretions were followed by de- 
terminations of quantities produced, specific grav- 
ity, and concentrations of fat, total solids, ash, 
lactose, protein, vitamin A, carotenoids and to- 
copherols. Observations also were made of con- 
dition of the udder and effect on later production 
of milk. 

Cows and heifers that were milked commencing 
8 to 12 d. prepartal produced secretions in the 
early stages that resembled colostrum and rapidly 
assumed the characteristics of normal milk in 
subsequent milking; only small, if any, further 
changes were noted at time of calving. Similar 
results were noted in the case of cows milked 
throughout the whole gestation period when 
quantities of secretions obtained totaled several 
pounds daily, whereas cows that tended to go dry 
in spite of continuous milking produced secretions 
at time of calving that had many of the charac- 
teristics of colostrum. Cows milked a single time 
3 to 12 d. after commencement of the normal dry 
period frequently produced secretions in the early 
stages having a specific gravity lower than normal 
milk. No marked differences were obtained in 
the nature of the secretions when oxytocin was 
used. 

Effect of the experimental procedures on con- 
tent of various constituents of the mammary 
secretions and on condition of the cow will be 
presented and relation of the findings to theories 
of colostrum formation will be discus.>:ed. 

P48 Some Effects of Prepartum Milking on the 
Performance of Cows and Calves. R. A. 
Ackerman, G. Hyatt, Jr. and A. H. Van 
Landingham, West Virginia University. 

Forty-five Ayrshire cows and first-calf heifers 
were divided at random into a prepartum and 
control group. Of the 24 animals milked pre- 
partum an average of 9 d., six produced less than 
2 lb. the day preceding parturition; four 2 to 10 
lb.; five 11 to 20 lb.; and nine over 20 lb. 

Based on the total nitrogen and vitamin con- 
tent, normal milk w'as produced at parturition by 
cows yielding over 20 lb. on the day before 
calving. 

On the average, all prepartum groups reached 
their peak of production slightly later and main- 
tained their production at near peak levels over a 
longer time than did the control group. 

Daily observations of the amount of udder con- 
gestion and lymphatic edema, both before and 
after parturition, were recorded. There was con- 
siderable variation within groups. The results 
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indicated, however, that prepartum milking 
neither reduced the amount of congestion or 
edema nor the length of time required for the 
udder to become normal 

Calf feeding and management differed only in 
that calves from prepartum groups were given 
more cod liver oil the first 3 d. than those from 
dams in the control group. All calves received 
their dams* milk the first 4 d. No calf mortality 
or serious scours occurred. The average rate of 
gain of calves in all groups was satisfactory. 

P49 The Effect of Prepartum Milking on the 
Ascorbic Acid and Riboflavin Content of 
Colostrum at Parturition. A. H. VanLand- 
INGHAM, G. A. Flanders and R. A. Acker- 
man, West Virginia University. 

Six cows, four Ayrshires and two Holsteias 
were milked 8 to 18 d., average 14 d., before 
parturition. Production on day before parturi- 
tion vaiied from 10.3 to 24.6 with an average of 

21.4 lb. 

Wide variations were observed in the total 
nirogen, ascorbic acid and riboflavin content of 
colostrum produced by cows milked before par- 
turition. ilie composition of the colostrum at 
parturition was related to the level of production 
and the total amount produced before parturition. 

Total nitrogen in colostrum on day of parturi- 
tion averaged 727 mg./ 100 ml. Milk produced 
by 11 cows not milked prepartum averaged 737 
mg. total nitrogen on the 3rd day following par- 
turition. 

Ascorbic acid decreased from an average of 

18.5 mg./l. 3 d. before parturition to 4.7 mg. on 
the day of parturition and to 4.3 mg. on the 3rd 
day following parturition. 

Riboflavin decreased from an average of 6.53 
mg./I. 3 d. before parturition to 2.70 mg. on the 
day of parturition and to 1.90 mg. the 3rd day 
following parturition. 

P50 Effectiveness of Penicillin Infusions in 
Eliminating Mastitis Infections in the Bureau 
of Dairy Industry Herd. W. W. Swett, 
L. A. Burkey, Cecelia R. Buckner and 
P. G. Underwood, Bureau of Dairy Industry, 
USDA, 

Beginning in 1944, penicillin was administered 
to a limited number of udder infections in the 
Bureau’s dairy herd at Beltsville. At the outset 
the total dosage was 50,000 units. In some cases 
it was administered as a single infusion. In other 
cases 25,000 units was administered once daily 
on 2 consecutive days. About 65% of the strep- 
tococcal and one third of the staphylococcal in- 
factions were eliminated by these treatments. 


From April, 1946, through December, 1947, 
penicillin was used exclusively. During this 
period each treatment consisted of two infusions 
daily on 2 consecutive days and the total number 
of units for the treatment was increased to at 
least 100,000. More than 90% of all strepto- 
coccal infections and 85% of all staphylococcal 
infections were eliminated when this four-in- 
fusion treatment procedure with increased dosage 
was followed. 

The nature of infection found in this herd dif- 
fered materially from that usually reported by 
other investigators. Only about 10% of the in- 
fections were caused by Streptococcus agalactiae 
and only 55% by streptococci of all kinds. 
Staphylococci accounted for more than 30% and 
coliform bacteria, pseudomonads, yeasts and 
cocci for the balance. 

P51 Hie Incidence and Relative Severity of In- 
fections of Different Organisms in Mastitis. 
L. A. Burkey and Ceceua R. Buckner, 
Bureau of Dairy Industry, USDA. 

The view still widely accepted that Strepto- 
coccus agalactiae is the principal infecting organ- 
ism in mastitis is not borne out from the stand- 
point of either prevalence or severity of mastitis 
in results obtained in the herds maintained by the 
Bureau of Dairy Industry at Beltsville. Studies 
during the last 4 yr. have shown that S. agalactiae 
was associated in only 7 to 15% of the infections 
of mastitis, whereas Streptococcus uheris was 
found in 19 to 30% and hemolytic staphylococci 
in 21 to 38% of the infected quarters. Results 
indicate that incidence of infections of different 
«organisms is related in part to the case of their 
elimination by treatment. 

Of the seven species of bacteria encountered 
in mastitis, at least 20 distinct strains were found 
associated with these infections. Studies on the 
severity of mastitis, judged by the leucocyte count 
and the percentage of chlorides of the fore-milk, 
indicate that mo.st of these strains are capable of 
causing severe infections of mastitis. However, 
these studies indicate that certain strains of Strep- 
tococus dysgalactiae and S uberis, enterococci 
and streptococci of the viridans group usually 
were associated with relatively mild infections. 
Likewise they indicate that mixed infections of 
strains of S. agalactiae and certain strains of S, 
dysgalactiae and S, uberis with hemolytic staph- 
ylococci were found associated with less severe 
infections. However, such a measure of the de- 
gree of severity is not an adequate basis for pre- 
dicting the diectiveness of treatment. 

P52 ASludytfftiieReBdbffityolVafi^ 
aostic Tests and tibe WekoKy of CSertain 
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Therapeutic Measures in the Ck>ntrol of Mas- 
titis. C. P. Merilan, H. a. Herman, J. E. 
Edmonson, K. L. Tallman and O. S. 
Crisler, University of Missouri. 

A study of the reliability of various diagnostic 
tests and the efficiency of certain therapeutic 
measures in the control of mastitis has been made 
on the University of Missouri dairy herd over a 
10-yr. period. A combination of the Ilotis test 
and microscopic examination of incubated milk 
samples was used as a standard. I’he leucocyte 
count detected 71.92% of the positive samples 
and 84% which were negative to the Hotis and 
microscopic tests. The chloride test detected 
.^3.5% of the positive samples and 78.4% of the 
negative samples. Agreement on 33.08% of the 
positive samples and 9.11% of the negative sam- 
ples w'as showm in 1,852 comparisons of the bro- 
inothymol blue test with the Hotis and micro- 
scopic tests. 

The fact that many cow's affected with mastitis 
undergo “natural recovery” is recognized. In 
this study, approximately 38% of the untreated 
COW'S recovered. 

The effectiveness of various treatments for 
mastitis was studied in 289 infected quarters of 
140 cows. Only animals with at least tw'O tests 
after treatment arc included in thi^ study. Treat- 
ment of 82 quarters with sulfanilamindc in 
iodized mineral oil resulted in 73.17% of the 
quarters becoming negative to the Hotis and 
microscopic tests and 69.35%; of the 186 infected 
quarters given penicillin infusions w'crc negative 
within an average of 29 d. after tieatrncnt. 
Treatments with 4-4 diamino-diphenyl sulfonc 
and Tyrothricin also were studied and results will 
be reported in detail. 

P53 Preliminary Observations on the Biochem- 
ical and Serological Characteristics of Coli- 
form Organisms Isolated from Cases of Acute 
Mastitis. J. C. Olson, Jr., I. A. Sciupper 
and M. E. Schmitz, University of Minnesota. 

The object of this study w'as to obtain informa- 
tion regarding the heterogeneity or homogeneity 
of coliform bacteria isolated from cases of acute 
bovine mastitis. Consequently, extreme care was 
taken to exclude external coliform contaminants. 
In addition, all isolations were made from poured 
plates on which a large number of coliform 
colonies occurred. Sufficient colonics were picked 
from individual plates to make reasonably certain 
that representative cultures of types present on 
the plates were obtained. No evidence was ob- 
tained, during the study of any of the cases, which 
would indicate that organisms other than coliform 
were etiological agents. All cultures were classi- 


fied according to Bergey's Manual of Determina- 
tive Bacteriology and according to Parr (Bact. 
Rev., 3: 1-48. 1939). Seventy-six cultures were 
isolated and classified. The cultures could be 
segregated into two sharply defined biochemical 
groups. I'he organisms of one group, consisting 
of 64 cultures isolated from various quarters of 
six cows, were typical of Aerobacler aerogenes. 
The majority of these cultures were capsulated. 
The organisms of the second group consisting of 
12 cultures, isolated from one quarter of a cow 
not included in the six mentioned above, were 
typical of Escherichia freundii. These cultures 
were non-capsulated. 

Serological studies now in progrc.ss employing 
both slide and tube agglutination technics indicate 
that at least two serological t>pe.s arc present 
among the 76 cultures. 

P54 Comparison of the Incidence and Severity 
of Mammary Edema of Cows Fed Roughages 
Alone or Roughages Plus Grain during die 
Dry Period. F. C. Fountaine, D. B. Par- 
rish and F. W. Atkeson, Kansas Agricul- 
tural Experiment Station. 

Cows of the Ayrshire, Guernsey, Jersey and 
Holstein breeds were assigned alternately, within 
the breed, to two groups. So that they would be 
in a good state of flesh at time of turning dry, 
cows in group 1 were fed additional amounts of 
grain during the terminal 3 mo. of lactation. 
During the dry period their ration was limited to 
alfalfa hay ad libitum, plus atlas sorgo silage. 
Cows in group 2 were fed according to production 
during the terminal stages of lactation, and were 
fed alfalfa hay, sorgo .silage and a 16% grain con- 
centrate during the dry period. 

Both prior to and subsequent to parturition 
there was no significant difference in the incidence 
and severity of mammary' edema and conge.stion 
of cows in the two groups. The incidence of 
edema of varying degree of severity was 54% in 
the group fed grain during the dry period and 
56% in the group that received only roughage. 

P55 Diluting Bull Semen on the Basis of Num- 
bers of Spermatozoa rather than by Volume. 
C. Branton, M. H. Newsom and T. E. 
Patrick, Louisiana State University. 

This report deals with a study of diluting bull 
semen to contain 16, 12, 8, 6 and 4 million 
spermatozoa/ml. regardless of the numbers of 
spermatozoa in the undiluted semen iSamples. 
Fifty ejaculates from 10 bulls, 6 of them Jerseys, 
2 Holsteins, and 2 Guernseys, were diluted with 
egg yolk-citrate-sulfanilamide and used in routine 
breeding. The experimental design employed 
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consisted of two 5x5 Latin squares. Results on 
the basis of 30 to 60 d. non-returns to 1,895 first 
services showed, 62.8, 64.0, 66.8, 58.0 and 63.5% 
non-returns for semen diluted to contain 16, 12, 8, 
6 and 4 million spermatozoa/ral., respectively. 
When tested statistically, these fertility levels were 
not significantly different. 

P56 Penicillin and Sulfanilamide in Semen IM- 
lutors and Thdr Effect on Fertility of Semen 
from Relatively Fertile Bulls. J. P. Mdcner, 
New Jersey A^cultural Experiment Station. 

To determine the effect of penicillin and sul- 
fanilamide in combination on fertility of semen 
from bulls of relatively high fertility a 3 x 3 latin 
square was designed and replicated three times 
using a total of six Holstein and three Guernsey 
bulls. The following three egg yolk citrate dilu- 
tore were compared: (a) containing 1,000 units 
penicillin/ml. dilutor, (b) containing 3 mg. sul- 
fanilamide/ml. dilutor, and (c) containing 1,000 
units penicillin plus 3 mg. sulfanilamide per ml. 
dilutor. The data accumulated were for 27 
semen samples from nine bulls and used on a 
total of 520 1st and 2nd service cows and were 
based on 60 to 90 d. non-returns. The mean per 
cent fertility levels on the three dilutors were as 
follows: (a) 67.2%, (b) 74.4% and (c) 74.3%. 
An analysis of variance of the data indicated that 
there were no significant differences in these con- 
trasted mean fertility levels. 

P57 A Comparison of Penicillin, Streptomycin 
and Sulfanilamide for Improving the Fer- 
tility of Semen from Relatively Infertile 
Bulls. J. O. Almquist, Pennsylvania State 
College. 

In the present study seven relatively infertile 
bulls of the Western Pennsylvania Artifical Breed- 
ing Cooperative were used to compare yolk-citrate 
diluted semen and yolk-citrate diluted semen con- 
taining either 1,000 units of penicillin/mJ., 1,000 
units of streptomycin/ml., 1,000 units each of 
penicillin and streptomycin/ml. or 300 mg. % 
sulfanilamide. Each diluted semen sample served 
as its own control in that only half of the sample 
received one of the four treatments tested while 
the other half remained untreated. Two of 
the seven bulls were slaughtered soon after the 
beginning of the experiment because of extremely 
low fertility even though there was some indica- 
tion of positive treatment respoase. The fertility 
of the ^diluted semen from the remaining five 
relatively infertile bulls showed a marked im- 
provement when treated with penicillin, strepto- 
mycin or the combination. The control por- 
tions of 76 t^acidates were used for 1,814 insem- 


inations and the treated portions for 1,807 
inseminations. Based on 90 to 120 d. non- 
returns, fertility was increased 21.7 percentage 
units by penicillin, 25.9 percentage units 
streptomycin and 21.3 percentage uits by penicil- 
lin plus streptomycin. Sulfanilamide gave a 
slight decrease of 2.9 percentage units. The con- 
trol semen averaged 38.9% non-returns. 

P38 Fertility of Bull Semen Diluted from 1: 100 
to 1:300. E. L. Willett, American Foun- 
dation for the Study of Genetics. 

Two small-scale and two large-scale experi- 
ments have been conducted to determine the fer- 
tility of bull semen diluted above 1:100. Non- 
returns were computed at an average of 75 d. 
after service. Yolk-citrate diluter was used in the 
first experiment and yolk-sulfanilamide-citrate in 
the others. Each semen collection, consisting of 
two or more ejaculates from a bull, was split three 
ways. One-third was diluted 1 : 100 and the other 
two portions were diluted at higher levels. The 
highest dilution studied was 1 : 300. The different 
dilution levels were rotated among different in- 
seminator groups where the semen was used for 
breeding. In every experiment there was a 
downward trend in non-return rate with increase 
in rate of dilution, but no significant differences 
were obtained. When non-return percentages 
were plotted on a graph against numbers of 
.spermotozoa per insemination, there appeared to 
be a curvilinear relationship with the rate of drop 
in non-returns increasing with decrease in sperm 
numbers. In the two large-scale trials with a 
total of 7,787 services from 54 collections from 
f8 bulls, for samples containing 6,000,000 sperm 
or more the regression coefficients were 0.43% 
and 0.52% — the decrease in non-return rate per 
million decrease in spermatozoa per insemination. 
For the samples containing less than 6,000,000 
spermatozoa per insemination, the regession co- 
efficients were 6.99% and 2.62%. The figure of 
6,000,000 spermatozoa per insemination roughly 
represents, on the average, the dilution level of 
1:200 when 1 ml. of semen is used per insem- 
ination. 

P59 Buffered Whole Egg as a Nutrient Extender 
for Bovine Spermatozoa. H. O. Dunk and 
R. W. Bratton, Ckimell University. 

A satisfactory bovine semen extender has been 
prepared by mixing one part of whole eggs, from 
which the chalazae have been removed and 
which have been thorou|^ly beaten in a Waring 
blender, with three parts a buffer containing 
L93% sodium citrate dfiiyd^te and 0.4% sue- 
dnylsulfatfaiazole (sulfasutddine). 



FOBTT-FOUBTH ANNUAL MEETING 


723 


The livability and fertility of spermatozoa 
stored at 5® C. in the citrate-sulfasuxidinc-wholc 
egg formula (1.9 CSSWE) and in the standard 
2.97% citratc-sulfanilamidc-yolk formula (2.9 
eSAEY) were compared. Sixty-nine split 
ejaculates were extended to give approximately 
16xl0« live sperm/ml. extended semen. The 
estimated percentages of motile spermatozoa at 
0 and 2 d. were 60 and 52 for the 2.9 CSAEY 
and 62 and 54 for the 1.9 CSSWE. The visibility 
of the spermatozoa and their rate of progressive 
motility was much greater in the latter. Based 
on 28 to 35 d. non-returns to 5,915 first-service 
cows, the percentage non-returns was 76.4 for the 
standard egg yolk formula and 74.3 for the whole 
egg formula. This difference is not statistically 
significant. Citrate-whole egg and citratc-sul- 
fanilamide-whole egg, because of their high pH 
(7.8 to 7.9) were found to he spermicidal. The 
acidity of sulfa.suxidine was found to be sufficient 
to alleviate this effect. 

P60 The Fertility of Bovine Semen Cooled 
with and without the Addition of Citrate- 
sulfanilamide-yolk Extender. R. H. Foote 
AND R. W. Bratton, Cornell University. 

The cooling and extending procedures (a) 
semen cooled rapidly (from 30 to 5® C. in 5 
min.) unextended, then extended 1; 100; (b) 
semen cooled slowly (from 30 to 5® C. in 75 
min.) unextended, then extended 1:100; (c) 
semen extended 1: 100 and cooled rapidly; and 
(d) semen extended 1: 100 and cooled slowly 
were compared using 1 1 .split ejaculates extended 
with citrate-sulfanilamide-yolk. The mean per- 
centage of motile spermatozoa during a 6-d. 
storage period for treatments a, b, c and d were 
29, 47, 57 and 62, respectively. All treatments 
except c and d were significantly different from 
each other. 

The fertility of semen cooled slowly with and 
without the addition of extender was determined 
on 64 ejaculates split two ways and used for 
insemination. When stored at 5® C. the esti- 
mated percentages of motile spermatozoa at 0 
and 2 d. were 63 and 51 for the semen cooled in 
extender and 48 and 34 for the semen cooled 
without extender. The percentage non-rctums 
on a 28 to 35 d. basis for 3,067 first services, and 
representing 32 of the 64 ejaculates, was 76 for 
the semen extended before cooling and 71 for the 
semen extended after cooling. The difference is 
statistically significant (<0.05 P). 

F61 Relation of the Eosin^aniline Blue S t a in in g 
Me^d to the QaaBty of Bull Semen. H. £. 
Shaffer and J. O. Almquxst, Pennsylvania 
State College. 


Additional evidence that the cosin B-aniline 
blue staining mixture can be used to differentiate 
living and dead bull spermatozoa has been ob- 
tained. Spermatozoa rapidly lost their ability to 
remain unstained when undiluted semen was sub- 
jected to adverse conditions of temperature. The 
ability of the spermatozoa to remain unstained in 
the presence of the staining mixture did not ap- 
pear to be dependent upon respiration, glycolysis 
or the presence of seminal plasma. 

Field trials were conducted at the Nepa and 
First Pennsylvania Artificial Breeding Coopera^ 
lives to study the relationship between the per- 
centages of unstained (living) sperm and fertility 
expressed on the basis of 90 d. non-returns. The 
study included a total of 197 ejaculates from 40 
bulls. Each ejaculate was used to inseminate 
from 25 to 175 cows for a total of 10,344 services. 
A highly significant curvilinear regression was 
found between per cent 90-d. non-returns and per 
cent unstained sperm. The shape of the curve 
suggested that the staining method was of most 
value for detecting semen samples of relatively 
low quality. Under the conditions of this fertility 
study, however, it seemed to be of questionable 
value in predicting the potential fertilizing capac- 
ity of semen of relatively high quality. 

P62 The Effect of Frequency of Collection upon 
Semen Production and Fertility of Dairy 
Bulls Used in Artificial Breedi^. T. E. 
Patrick, C. Branton and M. H. Newsom, 
Louisiana State University. 

This study was undertaken to determine the 
effect of various time intervals between collections 
upon semen production and fertility of dairy 
bulls. The duration of this experiment was 180 
d. (three 60-d. periods). Two 3x3 latin squares 
were used with six bulls being subjected to the 
following treatments: I, one ejaculate every 4th 
day; II, two ejaculates every 8tli day; and III, 
three ejaculates every 12th day. Volume, mo- 
tility and disposal were recorded on each ejacu- 
late. Methylene blue reduction time was de- 
termined on samples having a motility of 50% 
or better and a concentration above 900,000,- 
000/ml. Ejaculates meeting certain quality 
standards were diluted with egg yolk-citrate-sul- 
fanilamide and used in routine breeding. 

Analyses of the data on semen characteristics 
showed no significant differences between treat- 
ments for volume per ejaculate, percentage mo- 
tility, methylene blue reduction time and percen- 
tage of shippable ejaculates. Fertility results in- 
volving 2,7^ first services calculated on 30 to 
60-d. non-return bases were as follows: Treatment 
I, 69.4%; II, 68.3%; and HI. 67.0% These dif- 
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ferences were not significant when tested statis- 
tically. 

Data presented indicate that dairy bull semen 
can be collected once every fourth day with re- 
sults equal to those obtained from less frequent 
service. 

P63 Clipping as an Aid to Control of Cattle 
Lice. R. B. Pmce Jr., W, C. Priooe, N, N, 
Allen and R. J. Dicke, University of Wis- 
consin. 

Twelve yearling dairy heifers, taken at random 
from a lot of 22, were clipped December 8. 
They were housed with the ten undipped animals, 
running together in a laigc pen. When examined 
December 22, all of the undipped heifers were 
infested lightly with lice, while no lice were found 
on the clipped animals. A second examination 
January 10 indicated an increase of lice on the 
long haired heifers, while the clipped animals 
remained free except for isolated lice found on 
two animals. On February 18, infestations had 
become fairly heavy on some of the undipped 
heifers. Only very light infestations were found 
on any of the heifers which had been clipped, 
although their hair was well grown out. At that 
time, two of the previously clipped heifers were 
re-clipped and two of the long-haired animals 
were clipped. When examined 3 d. later, the 
freshly clipped animals were free of lice. A fifth 
long-haired heifer, heavily infe.sted with lice, was 
clipped on one side only. When examined 3d. 
later, the clipped side was free of lice, while the 
undipped area remained heavily infested. This 
was not the result of removal of the lice with the 
hair, as laige numbers were found clinging to the 
base of the short hairs immediately after dipping. 

No treatment for control of lice was applied to 
any of the heifers. Continued observations arc 
being made through the early spring month.s. 
Those made to date indicate that clipping is 
a very definite aid in controlling cattle lice. 

P64 The Effect of Methods of Methods 

of Cooling the Milk and Types of Bams on 
the Total Bacteria Count and Coliform 
Count. C. C. Flora, P. M. Reaves and 
C. W. Holdaway, Virginia Agricultural Ex- 
periment Station. 

Studies were made on cooling milk by two 
methods, pouring the uncooled milk into cans and 
setting the cans into a wet storage or cooling the 
milk over an aerator and cooling it before setting 
the cans into wet storage. An agitator drculated 
die water around the cans in the storage. The 
milk was not stirred. When the uncooled milk 
was placed in the wet storage, the bacterial count 


increased at a .somewhat greater rate during a 
12-hr. storage period than when it was cooled over 
the aerator before placing in the wet storage. 
Similar trends were secured for the coliform 
count. In all cases the coliform count increased 
at a faster rate than the total count. The in- 
crease was very much greater in the uncooled 
milk. 

Further studies compared milk produced when 
cows were housed and milked in a stanchion bam 
and milked with a standard type milking ma- 
chine, when cows were housed loose and milked 
in a stanchion barn with standard type milking 
machine, when cows were housed in a tie-stall 
bam and milked with a combine type milker in 
a milking parlor, and when cows were housed 
loose and milked with a combine milker in a 
milking parlor. The milking parlor method gave 
lower total bacteria counts than milking with the 
standard type milking machine. Very little dif- 
ference was found in the milk when cows were 
housed in the stanchion bam as compared to loose 
housing, both groups being milked in the stan- 
chion bam. 

P65 Some Observations on Recovery in Dairy 
Production in Wesern Europe. W. H. Rid- 
dell, University of Vermont. 

The low point in dairy cow numbers in oc- 
cupied countries and Switzerland occurred in 
1944-'5. For the Netherlands, this represented 
75% of pre-war figures. Milk cow population 
in 1947 for eight countries (Belgium, Denmark, 
France, Netherlands, Norway, Sweden, Switzer- 
land and United Kingdom) averaged 90% of 
1934-8. Total milk production was approxi- 
mately 80% due to limited import feed supplies 
and fairily widespread drought. 

War-time reduction in livestock numbers for 
some occupied countries resulted in improvement 
in quality of dairy cattle and other livestock. In 
the Netherlands, where the decline was most 
severe, breed and livestock officials emphasized 
this improvement for all classes. 

Percentage of cows in Various forms of produc- 
tion testing has increased in post-war years. 
Except France, for which data were lacking, 
total cows tested in seven countries for 1947-8 
were 2.5 million, approximating 28% of dairy 
cow population. Percentage range was from 
8.5% for Belgium to 49.6% for Denmark. 

Approximately one million cows were bred 
artificially in six countries for the same period, 
representing about 13% of dairy cow population. 
Percentage range was from 1.5% for Belgium to 
33% for Denmark. Data were lacking for 
France, and Switzerland reported interest only in 
combating disease. 
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Dairy research was curtailed scverly during war 
years in occupied countries. 

P66 Feeding Value of Dehydrated Sweet Pota- 
toes Fed Wet as Compared with Corn-soy- 
bean Silage for Lactating Cows. L. L. 
Rusoff, B. J. Burch, Jr., J. B. Frye, Jr. 
AND G. D. Miller, Louisiana State Univer- 
sity. 

It now is recognized that dehydrated sweet 
potatoes arc approximately 90% as valuable as 
yellow com meal as a source of carbohydrate in 
the grain ration. Using a latin square design, 
three groups of eight dairy cows each, consisting 
of five Ilolstcins and three Jerseys, were given a 
good grain mixture according to production. 
Approximately 8 lb. of alfalfa hay/cow/day and 
equal amounts on an air-dry basis of (a) com- 
.soybenn silage, (b) dehydrated .standard sweet 
potatoes wet with an equal weight of water or 
(c) dehydrated weevily-infested sweet potatoes 
wet with water were fed. There was no ap- 
parent significant difference in the milk produc- 
tion between the various groups on cither silage 
or dehydrated sweet potatoes fed wet, 

P67 Effect of Excess Concentrate Feed Con- 
sumption on Milk Productioq of Dairy Cows 
in Hawaii. L. A. Henke, University of 
Hawaii. 

(Commercial dairymen in Haw'aii often feed 
well above the reqiurcments of the Morri.son 
Standard. The general plan to feed 11b. of grain 
for each .3 lb. of milk produced is inadequate in 
Hawaii for two reasons. Roughages fed arc 
coarse and of low nutrient content; the concen- 
trate mixtures largely arc based on two by-pro- 
ducts with low nutrient content, pineapple bran 
and cane molasses, to which arc added such pro- 
tein supplements as may be needed. 

The effect of excess concentrate feeding was 
studied in three trials using 22 cows. The con- 
centrate mixture consisted of 25% cane molasse,s, 
43% pineapple bran, 30% soybean oil meal and 
1% each of bone meal and salt. 

Cows when fed according to the Morrison 
Standard consumed 15.41 lb. of the concentrate 
ration to produce 24.06 lb. of 4 per cent fat- 
corrected milk. Cows fed excess concentrates 
consumed 19.76 lb. of the concentrate mixture 
to produce 25.41 lb. This shows a profit on the 
cost of the added concentrates of 2.13% when 
selling milk on the wholesale basis (18 cents) 
and 59.34% on the retail basis (28 cents). 

F68 Influence of Various Udder Treatments 
Upon the Let-down of Milk. C. £. Knoop 


AND C. F, Monroe, Ohio Agricultural Exper- 
iment Station. 

Ten milking trials were conducted with 1 1 cows 
to determine the influence of various pre-milking 
treatments on the rate of milk let-down. The 
following treatments have been studied: (a) no 
treatment, (b) dry hand massage, (c) the use 
of a strip cup, (d) cleaning the udders with a 
damp cloth, (e) cleaning the udders with a towel 
removed from hot water (120® F.), (f) the same 
treatments as e, followed by the use of a strip cup 
and (g) a thorough bathing of the udder in hot 
water, togther with the use of a strip cup. 

The effects of the above treatments upon the 
let-down of milk were measured by collecting the 
milk produced during the 1st and 2nd 45 sec. of 
the milking period in a specially designed milk- 
ing unit (Surge). Data also were obtained on the 
total amounts of milk produced and the time re- 
quired to milk each cow after the various treat- 
ments. 

Results indicate the desirability of some pre- 
liminary treatment. Merely removing one or two 
streams of milk from each quarter did not appear 
entirely adequate for a complete let-down. A 10 
sec. massage of the udder with a damp cloth was 
just as effective as a like treatment with heavy 
towels removed from hot Water at 120® F. 

P69 A Comparison of Milk Production between 
the Prepartum Milked Halves and the Non- 
prepartum Milked Halves of Bovine Udders. 
M. L. Dawdy and C. B. Knodt, Pennsyl- 
vania State College. 

Twenty-two first-calf heifers of the five major 
dairy breeds and 13 Holstein cows have been 
used in a comparison of the effects of prepartum 
milking upon milk production, by pre-partum 
milking one-half of the udder and non-prepartum 
milking the other half. 

A comparison for the first 30 d. postpartum of 
15 first-lactation heifers, having apparently bal- 
anced udders, resulted in an average production of 
529.4 lb. for the 15 premilked halves and 490,2 
lb. for the 15 non-premilked halves. 

Milk production of separate halves, obtained 
once every 15 d., has been used to calculate the 
total monthly production of 13 Holstein cows 
and three Holstein heifers for the first 7 mo. of 
their lactations. Only nine udders appeared 
balanced, of which the prepartum milked halves 
averaged 5,061 lb. milk and the non-prepartum 
milked halves, 4,780 lb. or an average difference 
of 280 lb. of milk in favor of the premilked 
halves. 

P70 The Effect of In Vitro Treatments with 
Testosterone on the Oxygen Consumption of 
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Ejaculated Spermatozoa. F. N. Baker, A. B. 
ScHULTZE AND H. P. Davis, Univcrsity of 
Nebraska. 

Samples of semen from nine bulls were selected 
at random, divided and diluted 1:4 in citrate 
diluter. One portion of each ejaculate served as 
a control, the other was treated with testosterone 
so that the final concentration of testosterone in 
the diluted semen was 2.6 mg./lOO ml. Oxygen 
consumption of the treated and control semen was 
determined by the direct method of Warburg. 
In nearly every instance treatment resulted in a 
marked decrease in oxygen consumption. The 
average oxygen consumption in mm.yhour for 2 
ml, of diluted semen was 25.7 for the control 
samples and 20.5 for the treated samples. 

F71 Complemenary Effect of Acetylcholine and 
Thyroxine on Oj Consumption of Bovine 
Semen. A. B. Sgroltze, University of 
Nebraska. 

The mean Oj consumption of 15 semen samples 
with an original spermatozoan concentration of 
over 800,000 per mm.® and less than 1,400,000 
per mm.® and treated with 7 to 10y% thyroxine 
was 64.11 mm.®/hr. for the untreated portion and 
69.97 ram.®/hr. for the treated portion, a highly 
significant difference. 

The mean O, consumption of 15 semen samples 
with an original spermatozoan concentration of 
800,000 per mm.® or less and treated with 7 to 
10 y% thyroxine was 51.71 mm®/hr. for the un- 
treated portion and 51.60 mm.®/hr. for the treated 
portion, a non-significant difference. When 
0.0032y% acetylcholine was added to bovine se- 
men with a spermatozoan concentration of 800,- 
000/mm.® or less and the control portion con- 
sumed 46.05 mm.® Oj/hr. and the treated portion 
46.12 mm.®/hr. (means for 9 determinations}, a 
non-significant difference. 

When 0.0032y% acetylcholine plus 10 y% 
D,Lrthyroxine was added to semen with a sper- 
matozoan concentration of 800,000/mm.® or less 
the control portion consumed 51.44 mm.® 0,/hr. 
and the treated portion 55.10 mm.® Og/hr. (means 
for 14 determinations), a highly significant dif- 
ference. 

P72 Recovery of the Fertilized Ovum from die 
Living Cow. A. E. Dracy, South Dakota 
State College, and W. E. Petersen, Uni- 
versity of Miimesota. 

A technic has been developed whereby the fer- 
tUised ovum can be flushed out of the uterus of 
the IMng cow without surgical mtervention. The 
cow is tfuemmated when in estnis and the egg 
ttmmd m the 7th day. At this time H 


descended the Fallopian tube and has not yet 
commenced nidation. 

Instruments have been developed to facilitate 
entrance through the cervix. These consist of 
5/16 inch stainless steel probe with a tight fit- 
ting cannula. The probe first is inserted trough 
the cervix. This is accomplished by grasping 
the cervix by one hand in the rectum while the 
other hand is used for traction and manipulation 
of the probe. After penetrance of the probe the 
cannula easily may be slipped over ^e probe 
through the cervix and the latter is removed. 
A small Koreseal tube is passed through the can- 
nula to the tip of the uterine horn on the side 
ovulation has taken place. Its course through 
the uterus may be guided manually from the 
rectum. Approximately 1 1. of flushing fiuid is 
forced as rapidly as possible through the tube and 
the flushing caught in a separatory funnel from 
the cannula. Physiological saline has been used 
as the flushing fluid. 

The material is permitted to stand in the sep- 
arator)' funnel for 15 to 20 min. when a few ml. 
of solution are withdrawn and observed under a 
15 to 25 power dissecting microscope. The 
French type of separatory funnel has been found 
superior to the ordinary kind. The fertilized 
ovum gravitates to the bottom of physiological 
saline solution readily but often will adhere in 
mucous material that may stick to the walls of 
ordinary separatory funnels. 

While there is great variation in the ease with 
which entrance through the cervix may be ef- 
fected, in typical cases the whole procedure in 
flushing out the uterus need not exceed 10 min. 

P73 Factors Affecting the Interval Bewteen Par- 
turiton and Suhs^uent Estrus in Dairy Cat- 
tle. J. H. Edmondson, University of Mis- 
souri. 

With the increased use of artificial insemina- 
tion in breeding dairy cattle there hdve come 
many questions as to the length of time between 
parturition and the first estrus period. Through 
the detailed records kept on the Missouri Station 
herd, it has been posnble to investigate this prob- 
lem. The breedi^ records of 347 cows with 968 
parturitions were studied. 

Results showed that the average length of the 
interval from parturition to the first subsequent 
estrus period was 57 d. with a standard devia- 
tion of 28 d. There seems to be no relationship 
between the seasons of the year and the leagdi 
of time from calving to the first estrus period 
after calving. The daily leVd of mUk produc- 
tion did not appear to effect the inteiW be- 
tween catvii^ taid occurrerioe of first estrus. A 
study of the effect of age on the length M the 
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interval from calving to first heat shows this in- 
terval becomes shorter with age until the 4th year 
is reached and increases in length for the 6th and 
7th years when it decreases again. The interval 
between 1st, 2nd, 3rd and 4th calves, etc., fol- 
lowed a pattern similar to that of age; however, 
the similarity is not pronounced after the 4th or 
5th calf. 

P74 Comparison of pH Values of In Vivo and 
In Vitro Determinations on Bovine Vaginal- 
Cervical Mucus. D. B. Roark and H. A. 
Herman, University of Missouri. 

In vivo and in vitro pH measurements on va- 
ginal-cervical mucus were made simultaneously 
on ten cows during various phases of estrus. The 
pH determinations were made with a Beckman 
pH meter using a small glass electrode for the in 
vitro and a special silver-silver chloride electrode 
for the m vivo. Thirty paired observations 
showed, in each case, that in vivo pH was more 
acid than in vitro; however, the magnitude of the 
differences was inconsistent. The in vivo pH 
values averaged 6.57 and ranged from 0.40 to 1.33 
(average 0.88) lower than in vitro. The differ- 
ercnces between in vivo and in vitro pH values 
were signiheant at the 1 % level. 

It is believed that these differences in pH values 
are not due to losses of CO 2 from the results of 
an experiment in which the pH of ten paired 
samples (draining and aspirated) of mucus was 
determined within 1 min. after in vivo deter- 
minations. A slow drop occurred in the pH of 
in vitro samples during the first 20 min. following 
collection, averaging 0.16 for draining samples 

EXTENSION 

El Suggested Revisions in the DJIJ.A. Herd 
Record Booh. J. F. Kendrick, Bureau of 
Dairy Industry, USDA. 

A discussion of possible revisions of the 
D.H.LA. forms that they may more adequately 
serve the needs of the D.H.LA. programs oper- 
ating in the various states is presented. 

£2 Comparison of DJI.1.A. Computing Tables. 
C. R. Gearhart, Pennsylvania State College. 

The object of this study is to make possible the 
use of simplified computing tables to save time 
for D.H.LA. supervison and to reduce the num- 
ber of mistakes made in those associations which 
do not have calculators. 

2251 monthly records were calculated on 109 
cows. These were distributed as follows: (a) 
Three consecutive yean of a RH herd averaging 
over 400 lb. fat (b) Three consecutive yean of 
a RG herd avenging over 400 lb. fat (c) Four 


and 0.19 for aspirated samples. The t-test 
showed no significant differences between as- 
pirated and draining samples. Earlier worken 
found that a film is formed about an electrode in 
contact with moist tissue and that a difference 
in electrical potential may exist. Perhaps this 
was a contributing factor to the observed dif- 
ferences between in vivo and in vitro pH values 
of this experiment. 

Further studies of the cyclic variations in the 
physical and chemical properties of bovine mucus 
are in progress and may enhance our knowledge 
of the factors affecting breeding efficiency where 
artificial insemination is practiced under field con- 
ditions. 

P75 The Interrelationship of Age and Season on 
Bull Fertilty. T. M. Ludwick, D. S. 
Rudraiah, J. Rosen BERGER and F. Ely, 
Ohio Agricultural Experiment Station. 

Investigations were made on data from the 
two artificial breeding associations of Ohio and 
include approximately 70,000 1st services from 
the Central Association and 120,000 1st and 2nd 
services from the Northern Association. The 
data cover a period of 2.5 yr. for Central and 5 yr. 
for Northern. Records were summarized by age 
groups of bulls, seasons and breeds. Only bulls 
which had been used for breeding more than 1,000 
cows/yr. were included in the study. 

Variation in conception (measured by 60 to 
90-d. non-returns) as influenced by season or age 
of bull is not highly significant. Breed differences 
are not influenced greatly by age variations. 

Some significant differences between breeds 
may exist as influenced by seasonal variations. 

SECTION 

consecutive years of a P&GrG herd averaging less 
than 350 lb. fat. (d) Three consecutive years 
of a RJ herd averaging over 400 lb. fat. (e) A 
few lifetime records on cows having from three 
to six lactations. 

Individual records were calculated for each 
cow each month. In addition to the regular 
D.H.I.A. calculations, three additional calcula- 
tions were made of these same records by using 
three different modified computing tables. All 
monthly records were then placed on I.B.M. cards 
and comparisons of the various types of tables 
were made by the machine. 

The results of this study show: (a) The use 
of simplified computing tables will save a super- 
visor much pencil work, (b) Multiplication mis- 
takes will be reduced, (c) Part of the addition 
will be simplified, (d) Work will be easier for 
supervisor, thus there will tend to be fewer 
chiuiges of supervisors, (e) Computing tables 
will not help associations with calculators. 
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£3 Progress Report on Use of I.B.M. Machines 
in Pressing DJLIJu Records. H. G. Gil* 
MORE, Pennsylvania State College. 

The object of this study is to determine whether 
I.B.M. machines can be used to advantage in 
processing D.H.I.A. records. Some of the factors 
involved are saving time to the supervisor, accu* 
racy of records and having the information in a 
more usable form. Temporary forms have been 
drawn up and plans have been developed to study 
the use of these machines in one full association 
and a few herds in different sections of the state 
for a period of 1 year on a trial basis. This will 
be in addition to the regular D.H.I.A. work, so 
that a comparison of the two systems and their 
relative merits can be determined. 

Identification appears to be one of the big 
problems at the present time. Ear tag numbers 
present a problem as well as the length of some 
registered names because the number of columns 
on the cards is limited. If some of the records 
could be shortened it would simplify the use of 
punched cards because of the lack of space on the 
cards. 

Along with this procedure, a study is being 
made of new methods of sampling in the field and 
it would seem that more use could be made of 
D.H.I.A records from an educational viewpoint 
if the information were recorded on punched 
cards. 

£4 Use of I.B.M. £quipment for More £fficient 
Processing of BDI 718 Reports. R. Albregt* 
SEN, Cornell University. 

With the renewed expansion of D,H.I.A. has 
come the problem of handling the increased' 
volume of data efficiently. This applies par- 
ticularly to BDI 718 lactation reports. These 
reports are the key information to evaluating the 
artificial insemination program’s effect on herd 
improvement, sire proving and herd analysis. 
The usual methods for handling this data require 
a great deal of labor which cannot be provided 
as the BDI 718 reports increase. Recourse to 
modern methods for handling data on l.B.M. 
equipment seems to be a feasible solution. 

The processing of data such as is reported on 
BDI 718 cards has little precedence in the ex- 
perience of I.B.M. fieldmen. A system of trans- 
ferring data to I.B.M. cards with subsequent 
sortings, machine calculations of mature equiva- 
lents and final tabulation of summarized results 
call for a complicated series of I.B.M. processes. 
However, once the system is mastered, its versa- 
tility and efficiency becomes apparent. Regular 
personnel is trained in these new methods. The 
possibilities of I.B.M. processing of BDI 718 
records art not yet fully apparent 


£5 Centering Date Versus Calendar Month for 
Computing Dairy Cow Production Records. 
R. Morrison and R. £. Erb, Washington 
State College. 

The present method of calculating D.H.I.A. 
records is on a centering date basis. The in- 
volved procedure for calculating credit due a 
cow is confusing. Many errors in calculating 
centering dates have been found in D.H.I.A. 
record books. These errors, the extra time re- 
quired and the fact that dairymen know when the 
tester is coming make this system undesirable. 
Calculating records on a calender month basis 
would correct these errors. However, the accu- 
racy of the measure of production on a calender 
month basis as compared to the centering date 
basis is unknown. 

To study this problem, the Holstein-Friesian 
Association has made available 24 lactation 
records, each 365 d. 4 x, and each milking being 
weighed and tested. Ten cows in the college 
herd were milked 305 d. 3 x, with each milking 
being weighed and tested. Also nine cows in the 
college herd were milked 305 d. 2 x, with each 
milking being weighed and tested. Eight pe- 
riods were selected in each month and production 
for both calender method and centering date 
were computed. This production was compared 
to the actual production. A statistical analysis 
of these records was presented. 

£6 Extension Education on Milking Machine 
Operation! 1. E. Parkin, Pennsylvania 
State College. 

Pennsylvania dairy farmers have been sold 
milking machines without receiving the funda- 
mental instructions required to operate them 
efficiently and to keep them clean. An extension 
program launched in 1943 on managed milking 
has branched out to include proper machine 
operation, installation and care of milking ma- 
chines and the cleaning of the vacuum line. 
This program has been accomplished by demon- 
strations on managed milking, county-wide milk- 
ing machine clinics and demonstrations of clean- 
ing vacuum lines. These meetings have been 
requested by county agents, plant field men, 
sanitarians, dairy farmers and milking machine 
dealers. The cooperation of milk plant per- 
sonnel, milking machine dealers, dairy cooper- 
atives and farmers has been extremely gratifying. 
Apparently farmers are interested in the program 
because atendance has been more than satisfying. 
The subject matter presented included installa- 
tion and care of the milking machine, washing 
and sanitizing milking maclidnes, cleaning vac- 
uum lines, managed milking, milk secretion, 
mastitis prevention and herd snanagment* The 
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aims of this program are better herd management 
and better quality milk. 

E7 Development of a Successful Integrated 
Dairy Program. £. C. Sen eioen helm, 
Rutgers University. 

New Jersey^s agriculture extension service has 
five major commodity groups. They arc dairy, 
poultry, fruits, vegetables, and ornamcnal horti- 
culture and home grounds. Contributions from 
other subject matter specialists to the dairy pro- 
ject results in a complete integrated dairy exten- 
sion program. The subject matter specialists 
whose programs are included in the dairy pro- 
gram in New Jersey arc agricultural engineering, 
farm crops, farm forestry, farm management, 
marketing, soils, soil conservation and human nu- 
trition. 

The steps followed in the development of the 
program were: (a) Conference of all .specialists 
to disi U.SS how their programs could be integrated 
with the dairy project. This meeting resulted in 
developing a “long-time dairy extension pro- 
gram.” (b) Two or more conferences during 
eath year to plan a .series of integrated dairy in- 
stitute meetings for the winter months. These 
arc all-day meetings, (c) Additional meetings as 
requested by agents where coordinated teaching 
of two or more specialists is needed.' 

The dairy specialists carry on most of the work 
with reference to their sub-pro jeets themselves. 
This al.so is true for the specialists who contribute 
to the integrated dairy program. 

£8 'Fhe Michigan Program of Brucellosis Con- 
trol in Cattle. R. E. Horwood, Michigan 
State College. 

Part I of this paper reviews the progress of 
brucellosis control program in Michigan since 
1930 and the accomplishments of the .state brucel- 
losis committee which include: (a) making a- 
vaiiablc three general plans of tc.sting on a herd 
or area basis; (b) enforcing the exhibition law 
for livestock; (c) returning copies of officially re- 
ported vaccinations to livestock owmer; (d) re- 
duced the time of returning results of tests to 
owner; (c) made possible the use of local veter- 
inarians in area work; (f) prompt retests on a 
herd and area basis; (g) an extra bang's test at 
several state breed association sales; (h) secured 
the cooperation of government agencies and 
farmers accociations; and (i) developed an ed- 
ucational program that has been carried out by 
the Extension Service to each county in the state 
and that resulted in all counties requesting an 
area test. 

Part II reports on the use of Brucella M vac- 
cine in Michigan since 1947 and states that; (a) 


M vaccine in infected herds appears promising. 
In general it seems to stop the spread of infec- 
tion effectively, (b) It docs not produce long- 
lasting blood reactions in non-exposed animals, 
(c) A very small number of reactor animals show 
a significant decrease in blood reaction, but it is 
not advised for reactor cattle, (d) In accred- 
ited herds that dc.sirc to vaccinate only M vac- 
cine may be used, (e) For adult vaccination, 
advise only M vaccine, (f) No evidence has 
been observed that M vaccine produces infec- 
tion. 

£9 4-H Show Programs as Developed in Missis- 
sippi. L. A, Higgins, Mksissippi State Col- 
lege. 

This paper di.scusses the limitations of the 1, 
2, 3 system of placing cattle in 4-H shows and 
reviews the development, since 1940, of a group 
method of judging and placing entries of 4-H 
cattle. Briefly, the system developed is as fol- 
lows: 

The groupings w^ere set up as nearly as was 
practical on the American Jersey Cattle Club’s 
.system of official herd cla.ssification. This was 
done to educate Mississippi farm youth on the 
principles of herd classification. Group terms 
were different, though perhaps as significant as 
arc the official tenns. They are: Superior, Very 
Desirable, Desirable, Medium, Fair and Undesir- 
able. These various groupings carry the same 
score card rating as the corresponding rating in 
official classifications. The greatest difference is 
in the fart that under-producing ages are classi- 
fied in this show system. 

The “Superior” rating carries a purple ribbon. 
A female must have dropped her second calf and 
.score 90 or more to qualify. “Very Desirable” 
ribbon award is blue. “Desirable” color is red 
and “Medium” is white. Neither money nor 
ribbon awards arc given on animals which rate 
under medium in district and state shows. 
Judges arc asked to follow actual score ratings as 
closely as possible, without actually scoring the 
animal point by point, and to place the top two 
to five animals of the “Very Desirable” group in 
1, 2, 3 order, depending on the number per- 
mitted to show in the respective open show lots, 
also for championship competition. Each ani- 
mal in a respective group receives the same a- 
mount of premium money. Junior owned bulls 
generally are permitted to show in the open- 
class shows only. 

ElO Training 4-H Dairy Project Leaders. E. 
T. Itschner, M. J. Regan and W, H. Clon- 
INOER, University of Missouri. 

This paper emphasizes the value of the demon- 
stration method of teaching in 4-H club work and 
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describes the development of a type of leader 
training meeting at which project leaders are 
trained to perform method demonstrations which 
the^e leaders in turn present at 4-H club meetings. 
Leader training meetings are held on farms where 
facilities for group work are good and where 
there is sufficient livestock of various ages to per- 
mit leaders to practice after seeing the demon- 
strations. Demonstrations given at leader train- 
ing meetings include casting, dehorning, tattoo- 
ing, drenching, fitting, fast milking, cleaning and 
care of utensils, removing extra teats, trimming 
feet, estimating weight, keeping milk production 
records, preparing registration and transfer forms, 
and treatments for ringworm, lice and warbles. 
Other subjects discussed include mastitis, calf 
feeding and calf quarters. Since this method 
of leader training has been used, 4-H club mem- 
bership in dairy projects has increased from 672 
to 2605. 

£11 Analysis of Production Records of the 
Daughters of Sires Used in the New York 
Artificial Insemination Program. Raymond 
Albregtsen, Cornell University. 

The D.H.I.A. records made by progeny of sires 
used in artificial insemination are providing un- 
excelled data to measure various phases of dairy 
production within a state. Primarily, these re- 
cords serve to measure the influence of carfcully 
selected sires on the D.H.I.A. segment of the 
dairy industry. Since this D.H.LA. segment is 
regarded as a basic dairy demonstration, the situ- 
ations observed can be used as teaching materials 
to encourage adoption of improved ^iry prac- 
tices. 

The records used in this study are those re- 
ported to the Dairy Record Office at Cornell on 
the standard report card, BDI 718. These data 
were transferred to I.B.M. cards and were sorted, 
summarized and tabulated to give the following 
studies: (a) A study by levels of production of 
the mates of proved and analyzed young sires 
shows the possibilities for herd improvement on 
cows that average up to 420 lb. of fat. (b) A 
study by levels of production of daughters of sires 
used shows the variability of a cow population in 
support of good sires. Many high-producing 
dams do not have satisfactory daughters, (c) A 
study of regional differences in response to the use 
of the same sires shows produaion apparently 
is better in certain areas of the state, (d) A 
study of differences between herds in the effect 
of the use of sires in artificial insemination re- 
veals that previous breeding programs affect the 
response to the AB sires, (e) Study of repioof 
of iMitural service proved sires and their perfor- 
mance in felatkm to proved sire performance in 
genem! dioWt that reproot in artificial Insemina- 


tion will establish more firmly a buirs genetic 
value, (f) Study of analyzed sires proved in 
artificial insemination in relation to proved sires 
in general provides a check on a method of se- 
lecting young sires. 

As further data accumulate, it becomes im- 
portant to re-check all studies to ascertain changes 
that may affect the conclusions drawn from these 
data. These AB daughters will provide an un- 
paralleled opportunity to check the affect of 
proved sires, analyzed sires, environmental in- 
fluences and the genetic qualities of the mates of 
the bulls as well as the bulls themselves. 

£12 A Different Slant on Sire Selection. W. E. 

Washbon, West Virginia University. 

Sire selection methods in common use today 
hold no promise for consistently selecting bulls 
that offer better than six out of ten chances for 
improving production at a profitable level. Arti- 
ficial breeding cooperatives and individual breed- 
ers as well have great need for a method of select- 
ing young sires that will reduce their chances of 
getting a really poor bull and greatly increase the 
chances for getting an outstandingly good one. 
The results received by dairymen who have se- 
lected 25,000 D.H.LA. proved bulls should in- 
dicate how to select uniformly herd-improving 
bulls. 

A study of the results received by 1,500 Hol- 
stein breeders who selected sons of D.H.I.A. 
proved bulls reveals: (a) Ten or more compari- 
sons are needed for sire selection purposes, (b) 
The greater the proof increase, the better the re- 
sults. (c) The higher the level of production in 
the sirens proof, the better the results. Outstand- 
ing results are found when proof is above a 475 lb. 
fat level, (d) Sons of minus proved bulls offer 
less than a 50% chance for herd improvement 
regardless of the number of comparisons, the 
amount of decrease in production or the butterfat 
production level of the daughters. 

The results received by 916 Holstein breeders 
who selected grandsons of 33 famous sires indi- 
cate: (a) Sires with uniformly outstanding 
proved sons have uniformly outstanding proved 
grandsons, (b) Those sires having 65% or more 
of sons plus proved, whose sons* daughters 
averaged at least 430 lb. of fat, an increase of at 
least 20 lb. over their dams, seemed to offer ou^ 
standing possibilities in sire selection. 

The possibility of analyzing sire pedigrees lor 
actual proof of transmitting ability, not only as 
immediate descendants of proved bulls but as 
descendants of outstanding buU families as wdl, 
offers real opportunity. ccmibinatioa supple- 
ments the assurances of ime method wiffi the aa* 
suxancei of the oidier« 



FORTY-FOURTH ANNUAL MEETING OF THE AMERICAN 
DAIRY SCIENCE ASSOCIATION 

P. R. ELLSWORTH, Secretary-Treasurer 


The American Dairy Science Association as- 
sembled in the Main Ballroom of the Coffman 
Memorial Union, Minneapolis Campus, Univer- 
sity of Minnesota, Minneapolis, Minnesota on 
June 21st, at 9:30 a.m. J. B. Fitch, local chair- 
man, introduced Dean T. C. Blegcn, who gave 
the welcoming address as official representative 
of President J. L. Morrill, University of Minne- 
sota. 

Association President W. E. Petersen was in- 
troduced next and gave the following address : 

THE PRESIDENT’S MESSAGE 

The American Dairy Science Association has 
for its objective the promotion of the entire dairy 
industry through research, teaching and exten- 
sion with the firm conviction that by sound pro- 
motion of this great segment of American agricul- 
ture, the best interests of humanity are served. 
A sound agriculture that produces efficiently an 
abundance of food of a great variety is the most 
important single requisite for a high^ living stan- 
dard. Without a diet that is adequate in pro- 
moting the best well being and of satisfying the 
palate demand, a people will not be happy, and 
if the cost of such a diet is too great there will be 
little left to acquire the other essentials for high 
standards of living. Everyone, therefore, whether 
urban or rural dweller, should have an enormous 
interest in agricultural promotion. Rightly, agri- 
cultural research should be supported by general 
taxes because all benefit from its contribution in 
providing more abundant food more efficiently 
produced. 

In this connection, only those farmers who adopt 
new technological advances early will benefit in 
greater profit. As such technological advances 
that increase efficiency are universally adopted, 
the results reflect in a lower price to the consumer 
because of the highly competitive nature of 
agriculture. 

The dairy enterprise is the largest of all farm 
enterprises tn America. It is responsible for about 
a fifth of the total farm income and supplies about 
a fifth of the American food. This enterprise con- 
tributes enormously to an improved quality of 
the diet and therefore the general well being of 
the people. Milk and other dairy products hold 
pre-eminent positions among the nutrition spe- 
cialists as the best foods for not only children but 
adults as %yell. 


Dairy products serve well in satisfying the 
palate appeal as well as a source of good nutrition. 
Milk as such or any of the many products such 
as cream, whipped cream, ice cream and the 
numerous varieties of cheeses have enormous ap- 
petite appeal. 

Dairying serves humanity not only in these 
particulars but plays a very important part in as- 
.suring a permanent, efficient agriculture. Much 
of our agricultural land is unsuited to tillage be- 
cause of erosion hazards and should be kept in 
grass. Other land has been depicted in fertility 
because of over cropping and bad soil management 
practices needing rejuvenation calling again for 
growing of grass and legumes. Grasses and leg- 
umes that are needed in the preservation and 
improvement of soils cannot be consumed as 
such by human beings. Our digestive tracts arc 
not constructed for such materials but are well 
suited to animal products produced for them. 

The cow has been designed for this job of con- 
verting roughage into milk and meat. She is 
endowed with a structure — the rumen — that is 
specifically designed to handle bulky rough feeds. 
This, coupled with the fact that she has an ex- 
traordinarily highly efficient complex factory, the 
mammary gland, puts her in a class by herself in 
the cnconomy of food production. No other ani- 
mal has the potentialities to serve man as effec- 
tively or as efficiently as the dairy cow. We in 
the field of dairy science, whether research worker, 
teacher or extension worker, have every reason to 
feel proud of our field of endeavor as it serves 
humanity so well. 

Let us now in all humility take stock of our 
accomplishments and then of some problems as 
we face the future. We cannot, of course, claim 
credit fur all the advances that have been made in 
the dairy industry, but 1 am certain that a fair 
share of the improvements made can be credited 
to the people who have carried on research, teach- 
ing and extension work in dairying. During the 
last 50 years the average production per cow has 
doubled. The quality of dairy products have 
been greatly improved, new products have been 
developed and perhaps most significantly the re- 
ceptivity of both dairy farmers and dairy manu- 
facturers for information has been enormously im- 
proved. At the time this organization was 
formed, it was difficult to get an audience, while 
now the demands for new information cannot be 
filled. 
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The factors that have contributed to the im- 
proved situation with relation to the dairy enter- 
prise are legion and cannot be dealt with in the 
limited time available. Better to give the re- 
mainder of the time to our problems as they face 
us. 

The dairy industry cannot progress any faster 
or further than the quality of the men in this 
organization will permit. Our first and most im- 
portant problem therefore, is that of obtaining 
the right kind of men and giving them the proper 
training. This problem has always been with as. 
Interestingly enough, the very first meeting of this 
Association in 1906 stressed this point by having 
inserted in the published proceedings the follow- 
ing: “Emphasis was placed on the demand for 
more and better trained men in dairy work and 
raising the standard of dairy instruction.” With 
the enormous technological development in dairy- 
ing and allied fields since that time, the problem 
of training men is greatly increased as is the need 
for better trained people. 

Every segment of the dairy industry is very 
much concerned with research and teaching in 
its laiger sense; as a matter of fact its progress is 
pretty much dependent on these two. This As- 
sociation began as the National Association of 
Dairy Instructors and Investigators and since was 
changed to the American Dairy Science Associa- 
tion. While recognition of teaching has been 
dropped from its title, it is still of the highest 
importance for the furthering of the industry 
whether on the undergraduate or graduate level. 
Let us never under-rate good teaching. Our tech- 
nological knowledge is of little avail without its 
spread to those that shall use it and our research ^ 
workers must also be produced by the teacher. 

This Association has always been aware of the 
teacher and has had committees from time to 
time for studying the problems incident to the 
worker in the classroom. With all that, the good 
teacher or trainer of men docs not receive the 
recognition he merits. We have recognition and 
awards for those who excel in research, but we 
have never found a way to recognize the good 
teacher upon whom we are so dependent. It 
would be an added stimulus to good teaching if 
we could find some way to give recognition to 
the good teacher. One way, of course, that is 
not under the control of this Association, is giving 
him a salary more nearly commensurate with his 
contribution. 

The qualifications of a good teacher in dairy 
husbandry are no different from those of teachers 
in other fields. He must be well informed and 
keep up with all new developments in the field. 
He must be enthusiastic about the subject and have 
the csq>actty to radiate that enthusiasm to his 
students. He must have a good perspective of the 


whole and have a sound philosophy — ^not disre- 
garding the old bec.ause it is old; likewise not to 
adhere to the old because of tradition. The new, 
likewise, must not be accepted with blind enthusi- 
asm because it is new nor rejected simply be- 
cause it is new. A healthy critical view must be 
taken by the teacher which will reflect quickly on 
the student. These are but a few of the quali- 
fications of a good teacher. 

The extension worker is a teacher and what 
has just been said applies to him equally well. 
The extension worker is a very important wheel 
in the complex educational machinery. It is 
he who is largely responsible for new information 
and practices getting into the hands of the ulti- 
mate user. The idea once entertained by some 
that the dairy extension worker should be a prac- 
tical man with a pleasing personality, a gladhand 
man who had a few recipes that could be forcibly 
given with a good selection of funny stories is no 
longer tolerable. He, of course, must have per- 
sonality and must know enough about the practi- 
cal side to gain confidence, but to do the proper 
job, he must in addition be above all else well- 
informed on all aspects of dairy ing and its inter- 
relationship with other agricultural enterprises. 
This holds equally well for extension in produc- 
tion and manufacturing. 

There is nothing that will depreciate the con- 
fidence in the extension worker more than an 
ignorance on his part of the technological knowl- 
edge on the subject. The farmer of today is not 
satisfied with sL recipe. He wants to know' the 
facts — he wants evidence and he is entitled to 
it. There is a marked change in the extension 
w'orkers clients as contrasted to a generation ago. 
The dairy farmer is a much better informed indi- 
vidual. Here the agricultural prc.ss has contrib- 
uted enormously and also furnished evidence of 
the evolution in the level of education. Note the 
technical nature of our agricultural press of today 
as contrasted to that of a generation ago. 

For the extension worker to keep up on the new 
technological developments in the dairy field is 
no easy task. Too often administrators consider 
that he works only when he is out in the field and 
neither time nor facilities are given him for the 
continuous education that he must carry on to 
be the most effective. Our JOURNAL OF 
DAIRY SCIENCE is the mo.st important source 
of new information for the extension worker as 
well as others. The original papers, if studied, 
will give a fairly comprehensive picture of de- 
velopments in America. The review or abstract 
section, as it has been improved by our capable 
editor, is a splendid source of other pertinent 
dairy material. In addition, frequent coifferences 
between the extension workers and the resident 
staffs are of mutusd benefits to both. 
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Now we tome to the research worker — the one 
who is responsible for the new technological de- 
velopments that so often upset the mental equili- 
brium of dairy folks and seemingly keep them in 
a constant stage of uncertainty, for no sooner has 
one worked out what appears a sound plan than 
out comes a bomb-shell, a new discovery that 
disrupts everything. Partly because of this dis- 
turbance he creates in what might otherwise be 
calm water, and partly because of the inertia of 
tradition worshippers, some people have sug- 
gested that a moratorium be declared on research 
work. They use as an argument that our tech- 
nological knowledge is much in excess of that 
used in general practice and that we need a rest 
from new knowledge so practice can catch up with 
knowledge. 

There arc several faults with this line of rea- 
soning. One is that practice never catches up 
with knowledge. If it did, we would have reached 
perfection and that is too much to expect even 
from dairy folk. A second and more important 
fKjint is that the greater the backlog of knowledge 
is, the more rapid will be the adoption in practice. 
Rather than too great a backlog of technological 
knowledge, we have entirely too little for the rno.st 
rapid improvement in the practice, Due to cur- 
tailment of research during the war and concomit- 
ant cessation of training of rcsearoh personnel, 
lx)th the quantity and the quality of dairy re- 
search has suffered setbacks that will require still 
some time before recovery is made. 

There are several reasons why a large backlog 
of scientific information is needed. One is the 
sheer pressure that is created by the mass of the 
information. This seems to be a physical phe- 
nomenon .similar to hydrostatic pressure in which 
the velocity and extent of the spread of the tech- 
nological knowledge is directly proportional to 
the head pressure. Another and very important 
fact is that a few of the most progressive adopt 
new technological knowledge as rapidly as it is 
advanced. The impact of these progressive in- 
dividuals, although often few in number, upon the 
whole is beyond the realm of accurate evaluation. 
It is our duty to sec that a constant and ever in- 
creasing flow of new information will reach them. 

The selection and training of the research 
worker is one of the great and difficult responsi- 
bilities that befall many of us. Selection of the 
right kind of person is the first and by no means 
the least of these responsibilities. Only rela- 
tively few have the inherent potentialities to be- 
come good research workers. The desirable re- 
search worker must have an abundant amount of 
enthusiasm, an infinite capacity to work, the pa- 
tience to wait, sometimes for long, for results; he 
must have imagination, the ability to question, the 
power to generalise and the capacity to apply. 


Knowing the often meager material reward for 
services rendered, our candidate for training in 
research needs to be possessed of a such a tem- 
perament that he will be animated by the pro- 
fcs.sional spirit which is one of service. 

When we arc lucky enough to discover such an 
individual, the second major responsibility be- 
gins -that of training. The type of training 
needed today is vastly different from that which 
was satisfactory a generation back. There was 
a time when all that one needed was the ability 
to apply a certain test pattern or formula. It was 
work of a nature to get the answer to practical 
problems as quickly and cheaply as possible. 
Typical of that type of investigation is the double 
reversal feeding experiments in which the relative 
merits of different feeds were determined. This 
type of investigation is not pass6 as much useful 
information is still to be obtained fom its judi- 
cious application, but the work that will yield in- 
formation of the greatest value to the dairy in- 
dustry, in all areas, is fundamental research. The 
discovery' that one feed is superior to another in 
milk production is of value, but of much greater 
value is to know in all details as to why it is better. 
Likewise, it is well to know that one procedure 
produces a better quality of milk powder, but 
it is infinitely more valuable to know why this is 
so. By knowing all of the fundamentals operative 
ill a given area, a clearer picture of that area is 
pos.sible which not only helps solve any new pro- 
blems that may arise but is essential for suggesting 
new and belter ways or methods. 

To carry on modern dairy research requires 
special training. In an area with as many rami- 
fications and as complex as that represented by 
this group training in many different disciplines 
are needed. No one can any longer prepare him- 
self for the entire area of dairy science so he must 
.speciali'ze to a certain degree. Therefore, detail 
patterns will vary for individuals. There are 
some broad generalizations, however, that can be 
laid down. None of the physical or biological 
sciences is alien to dairy science. Botany, zoology, 
bacteriology, physics, chemistry', nutrition, phys- 
iology, anatomy, genetics and others have a direct 
bearing upon various areas in dairy science. It is 
not possible for anyone to obtain complete mastery 
of all of the.se specialties, but sufficient training in 
each of them so as to have a general grasp of their 
import is essential. This should be folowed by 
mastery of one or more of them that arc to be 
used directly in research work. 

The general knowledge should be obtained in 
the undergraduate level. One of the major hand- 
icaps we encounter in the training of research 
workers is that candidates do not make up their 
minds to pursue graduate work, for the most part, 
until late in their undergraduate life or after hav- 
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ing completed a course in Agriculture. These 
people are not as well prepared for graduate work 
as would be those who could use their entire un- 
dergraduate time for preparation for graduate 
work. The ideal' time to begin training for re- 
search work is at matriculation in college. If 
selection could be made at that time, an under- 
graduate course can be outlined that would not 
fit the student for a job at the end of the four 
year course because he would have very little, if 
any, of practical courses; but he would be fitted 
to really begin graduate work. 

What should such an undergraduate course con- 
sist of? Stress would be placed upon mathematics, 
chemistry, biology, physics and of course a goodly 
portion riiould be given over to cultural courses. 
At the end of the four years, he should be cultur- 
ally developed and have a foundation upon which 
to build his graduate education. Up to this point, 
it is unessential to have any special training in 
dairy technology. This can far easier be made up 
in graduate work than can deficiencies in funda- 
mental work such as chemistry, mathematics, etc. 
Every effort should be made to ascertain as early 
as possible those who have the qualifications and 
the inclination to pursue graduate work that the 
undergraduate program may be better suited for 
graduate work. 

In graduate training for research, an absolute 
requirement is thorough training in dairy science 
not only in the area of specialization but a compre- 
hensive knowledge and understanding of the area 
outside of the field of specialization should be had 
that a sound perspective of the whole may be 
formed. But that is not enough. Modem dairy 
research that will most benefit the industry, de- , 
mands research workers that have intensive fun- 
damental training in one or more additional basic 
sciences. For dairy production physiology, bio- 
chemistry, nutrition, genetics and others not only 
are essential in their contribution to dairy research, 
but dairy research also offers great possibilities of 
making valuable fundamental contributions to 
these areas of learning. In dairy maufacturing, 
dairy bacteriology, dairy engineering or dairy 
economics, the need for fundamental training in 
chemistry, bacteriology, physics, engineering and 
economics are equally essential. Because of the 
enormous breadth of dairy research, no one can 
hope to master completely all of the basic know- 
ledge essential to all dairy research, and therefore 
must make a careful choice of the area to whidi 
special attention must be given. 

If the foregoing analysis of the needs in training 
research men are acceptable, it becomes obvious 
for many research problems no one individ- 
Urildm acquire mifiicient knowledge that by him- 
aell he can carry on the most effective work. Uns 


means that more and more of dairy research must 
be carried on cooperatively between different 
specialty departments. Singularly, enough such 
cooperative projects are the more numerous and 
more satisfactory where the dairy science research 
partner has had training in the area of learning 
represented by the other cooperator* As one 
would expect, misunderstanding and disagree- 
ments arise mostly in cooperative projects when 
no such training has been had. 

It will take time before we in dairy science will 
have a sufficient number of properly trained men 
to supply the need. We have quite a number of 
excellently trained dairy scientists, but we need 
more. For those who are skeptical about their 
existence look over the character of the papers 
listed in our programs for this and other meetings 
of this association. For an industry that holds the 
importance in the total economy and welfare of 
the country that is represented by this Associa- 
tion, we need many more men of ^e quality and 
training represented by our best research people. 

Before leaving the question of research in dairy 
husbandry, let comment be made about giving 
opportunity to those who are well trained m make 
the most use of their abilities. Recognition must 
be made of the problems of the administrators 
with our project system which must be carried on 
and the lack of adequate funds to initiate and 
carry on special projects. As a result of this sit- 
uation, the young research worker too often is 
made to fit in on projects where he has no op- 
portunity to exercise his ability. Often his time 
is assigned to work for which he has no liking or 
special training — all of which is frustrating. To 
stimulate the most rapid development of the 
individual, it is essential that as much freedom of 
action be given as possible. The ideal situation 
for the right kind of a man is to furnish him a 
laboratory, with the necessary equipment and 
finances, and let him do whatever he wants. 

Chairman Fitch then introduced Ancel Keys, 
Director of Laboratory of Physiological Hygiene, 
University of Minnesota who spoke on the sub- 
ject of Cholesterol and the Problem of Ageing. 

The following is an abstract of this talk: 

Progress in preserving life and health in youth 
accentuates the medical problems of later life. 
In the United States the outstanding necessity of 
research on the ageing process is made clear by 
inspection of the vital statistics. Disease of the 
cardiovascular system is far and away the greatest 
killer now that so much has been accomplished in 
controlling tuberculosis and the diseases of child- 
hood. And die largest part of cardiovascular 
deaths is related to the ageing process--4iigh 
blood pressure hardening of ^ arteries, cofonaxy 
occlurion, **itroke8.** 
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Wc cannot hope to prevent ageing but perhaps 
we may attempt to delay or control it so the heart 
and blood vessels do not give way before their time 
or while the rest of the mind and body is relatively 
young. 

The central feature of ageing in the cardio- 
vascular system seems to be arteriosclerosis, or 
hardening of the arteries, which begins with an 
accumulation of fatty materials within the blood 
vessel walls and ends with a vascular tube either 
so reduced in bore that it cannot carry enough 
blood or so brittle that it bursts. Finally, the 
artery is full of a deposit of insoluble calcium salts 
but this seems to be a secondary consequence of 
the primary accumulation of lipoids in the wall. 
In a very real sense, then, one of the major pro- 
blems of ageing is why, and how, this lipoid de- 
posit comes about. 

The lipoid deposit itself is peculiar in that it 
is made up of a large percentage of cholesterol, 
a lipoid compound which is very peculiar to 
animals and is chemically related to other im- 
portant substances, including some of the hor- 
mones. If cholesterol is not the '‘cause’* of 
arteriosclerosis, it is at least importantly involved. 
In some animals administration of cholesterol can 
produce arteriosclerosis. Certain diseases, like 
diabetes and myxedema (thyroid deficiency), are 
notable in that the patients ofteh have much 
cholesterol in the blood and tend to early and se- 
vere arteriosclerosis. 

Recent arguments suggest that cholesterol ob- 
tained in the diet may promote arteriosclerosis. 
Dietary cholesterol comes from eggs, dairy pro- 
ducts and meats — foods wc generally consider to 
be very good nutritionally. Can it be that, as wc 
improve the diet in general, we automatically in- 
crease the hazard of arteriosclerosis? The main 
arguments arc: 1) Feeding large amounts of cho- 
lesterol to chickens and rabbits produces high blood 
cholesterol and arteriosclerosis. But these species 
ordinarily never have cholesterol in the diet and 
arc scarcely comparable to carnivorous animals 
which are much more resistant to cholesterol 
feeding. 2} As our diet has improved to include 
more cholc.sterol-containing foods, the mortality 
from cardiovascular disease has increased. But 
this may be largely a result of an older population 
and better methods of diagnosis and recording. 
3) It is claimed that the incidence of arterio- 
sclerosis in different countries is inversely related 
to the cholesterol (and fat) content of the diet. 
But the data for this conclusion are as yet totally 
inadequate and are mainly only impressions from 
visitors to the Far East. 4) A low cholesterol 
diet reduces the blood cholesterol. But, though 
this is true with extremely low-fat diets, it is not 
proved with any lesser degree of restriction and 


as to whether cholesterol or total fat, or both, arc 
important is not known. 

Recent work at the Laboratory of Physiological 
Hygiene has shown that the blood cholesterol in- 
creases with age from adolescence to the middle 
fifties; thereafter the values tend to decline. This 
suggests that, before the deposition of cholesterol 
in the arteries, there is a change in the metabolism 
of cholesterol independent of diet. Among men 
of the same age, the fatter men tend to have 
higher blood cholesterol concentrations. This 
suggests what we already know from vital statis- 
tics, that is overeating is a serious nutritional 
fault. Finally, a study of the habitual diets of 500 
men w'ho were also investigated with regard to 
blood cholesterol, showed no relation at all be- 
tween dietary cholesterol and the amount of this 
substance in the blood. Special experiments with 
meals containing very large amounts of cholesterol 
confirmed this conclusion that, within wide limits, 
the amount of cholesterol in the diet and that in 
the blood are unrelated. 

While these findings make us feel more at case 
while eating our bacon and eggs and drinking 
milk at breakfast, the problem of cholesterol and 
arteriosclerosis is still present in all its mystery. 
Wc have merely made it clear that the body itself 
regulates its own content of cholesterol. Wc have 
still to discover how this is achieved and what 
there is in getting older and fatter that has such 
disastrous consequences. The Laboratory of Phys- 
iological Hygiene will continue to study these 
questions as a part of its long-range study on 
cardiovascular degeneration. 

At a general session of the Association held on 
the Minneapolis Campus, June 22 at 4:15 p.m., 
W. W. Spink, Professor of Medicine at the Uni- 
versity of Minnesota delivered an address on 
‘'Brucellosis in Man.” 

HUMAN BRUCELLOSIS 
(Abstract) 

Brucellosis may be caused by any one species 
of Brucella, namely, Br. abortus, Br. melitensis 
and Br. suis. The natural reservoir of this dis» 
ease resides in domestic animals, particularly in 
cattle, hogs, and goats. The disease is very rarely 
transmitted from human to human. Man ac- 
quires the disease cither through direct or indirect 
contact with infected animals. 

A recent study in collaboration with the Labora- 
tories of the Minnesota State Department of 
Health has revealed epidemiologic data of funda- 
mental importance. This information is based 
upon 268 bacteriologic proved cases of human 
brucellosis. The data emphasize that brucellosis 
is primarily a disease of males, particularly of 
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farmers and packing plant workers. Children 
under 12 years of age are relatively resistant to 
this disease. This also applies to young cattle, 
young goats and young hogs. In the acquisition 
of human brucellosis in Minnesota, contact with 
infected material is much* more important than 
acquiring the disease through drinking raw milk. 
The data indicate that for every case acquired 
through the ingestion of milk, there are four 
cases caused by direct contact. With the ex- 
ception of fresh cottage cheese and fresh goat’s 
chbese, it is doubtful that milk products play a 
very significant role in spreading human brucel- 
losis. In a period of 12 years in the University 
Clinics, not a single instance has been seen where 
the disease was contracted through the ingestion 
of cheese, butter, or ice cream. 

The nature of the acute illness in man may be 
likened to influenza, except that there are no 
respiratory symptoms. The outstanding mani- 
festations of the disease are weakness, easy fatigu- 
ability, generalized body aches and pains, head- 
ache, backache, nervousness, inability to sleep 
and emotional instability. The majority of cases 
do not endure beyond 3 months. Occasionally 
chronic disease may ensue with localization of 
the Brucella in certain tissues, including the 
bones, particularly the spine; the central nervous 
system, including the meninges; and on the valves 
of the heart. In this part of the country at 
least, brucellosis is rarely the cause of death. 

During the past 12 years at the University of 
Minnesota Hospitals and Laboratories, efforts 
have been made to treat patients with antibru- 
cella agents. Vaccines or filtrates of Brucella are 
not used in the treatment of brucellosis in our 
Clinics. Early experimental work indicated that 
in mtro the sulfonamides were active against the 


Brucella. Disappointing results were obtained in 
patients with the use of all the sulfonamides as 
they appeared. Penicillin is without effect in 
brucellosis. Some hope was held out when strep* 
tomycin became , available, but this drug when 
used alone is not too effective. A number of 
patients have been successfully treated with a 
combination of streptomycin and sulfadiazine. 
Unfortunately the streptomycin in some instances 
resulted in toxic reactions, and there was a re- 
lapse rate of about 20 to 25 per cent. In more 
recent months aureomycin, a new antibiotic, has 
been used successfully in the treatment of both 
acute and chronic cases of brucellosis. This drug 
is given by mouth, and, therefore, it is not neces- 
sary to hospitalize the patients. Treatment is 
continued for 10 days to 2 weeks. It would ap- 
pear that both in Minneapolis and in Mexico from 
80 to 90 per cent of the patients have been suc- 
cessfully treated. Reference is made only to bac- 
teriologic proved cases. It appears that aurco- 
mycin is effective in human brucellosis caused by 
all three species of Brucella. More recently, 
Chloromycetin, or chloramphenicol, has been 
made available for therapy. Indications are that 
this drug, which can be given by mouth, also is 
effective in the treatment of brucellosis. 

Brucellosis as a human disease can only be 
eliminated by eradicating the infection at its 
source, that is, in domestic animals. Vaccination 
of young calves with Brucella is one effective 
means of controlling the disease in animals. An- 
other procedure is to eliminate positive reactors 
from herds. The eradication of brucellosis in 
domestic animals will only be accomplished by a 
, cooperative effort on the part of farmers, live- 
stock producers, dairymen, public health agents, 
veterinarians, and physicians. 


BUSINESS MEETING OF THE AMERICAN DAIRY SCIENCE ASSOCIATION 

Minneapolis, Minnesota, June 23, 1949 


President Petersen called the meeting to order 
at 3 :00 p.m. in the auditorium of the Museum of 
Natural History. There were 175 present. 

REPORT OF THE EXTENSION SECTION 
The opening session of the program of the Ex- 
tension Section of the 44th annual meeting of the 
American Dairy Science Association was called 
to order by Chairman Heebink of West .Virginia 
on Tuesday, June 21, 1949 at 1 ;30 p.m. in Room 
320 of the Coffman Memorial Union. Follovdng 
his opening remarks and announcements, the fol- 
hnviiig nominating committee was appointed: R. 
G. Conaally of Virginia, R. A. Cave of South 
Dakota^ W. T. Crandall of New York as 


Chairman. This session was devoted to the pres- 
entation of five papers dealing with various 
phases of Dairy Herd Improvement Associations. 

Vice-chairman Reaves opened the Wednesday 
morning, June 22 session at 9:15 a.m. Those 
papers on teaching methods were presented and 
discussed. The section then retired to the room 
where several state exhibits on methods were 
presented under die chairmanship of Boynton of 
New Hampriiire. State exhibits were explained 
by representatives of that state. 

A joint session of the Production and Extension 
sections, L. A Moore, Cbairman, was held 
Wednesday afternoon. A panel discusrion on 
the job of Herd Improvement was held with 
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Taylor of Pennsylvania State College as leader. 
Following the panel discussion Co-chairman 
Hecbink conducted a session devoted to com- 
mittee reports. 

The Breeds Relations Committee and Herd 
Health Committee reports are incorporated in 
the report of the Production Section. 

The Dairy Breeding Committee, E. J. Perry of 
New Jersey, Chairman, made the following rec- 
ommendations: 

1. That the A.D.S.A. place more emphasis on 
the Breed Herd Test and D.H.I.A. testing pro- 
grams to promote testing of entire herds. Fur- 
ther, that H.I.R. records from all breed associa- 
tions and all D.H.I.A. records be reported 
promptly to the U. S, Bureau of Dairy Industry, 
so that less confusing and a more complete proof 
will be published on all bulls. 

2. That all sire proofs: preliminary, complete, 
H.I.R., private, etc., be properly designated as 
to what they are at the source of the proof. 

3. Recommend that a licensed Veterinarian 
who i.s not a full lime employee of an artificial 
breeding oi^anization ma)' collect blood samples 
for blood typing of sires. This is to be done in 
the presence of the manager of the breeding 
organization and both sign as to having properly 
identified each bull. This reepmmendation is 
designed to make unnecessary the prc.scnce of a 
breed rcpre.sentalivc at such timc.s. 

4. That the problem of identifying registered 
COW'S after service because the registration papers 
were not available is not properly the responsibil- 
ity of the technician nor the artificial breeding 
organization. 

5. Once a rcgi.stercd cow has been identified 
by her registration papers and cartag at time of 
first service, it is recommended that the eartag 
alone shall be sufficient identification on addi- 
tional services. 

6. Recommend that the secretary of Purebred 
Dairy Cattle Association consult wtih State Ex- 
tension dairymen whenever interpretations of 
P.D.C.A. rules arise in that Extension dairyman’s 
state. 

7. Recommend that the American Dairy Sci- 
ence Association establish a committee to formu- 
late practical recommendations to be used as a 
guide in setting up a sound artificial breeding 
program based on genetics. 

The Type Glassification Committee with Tyler 
of West Virginia acting as Chairman made die 
following recommendations: 

1. The literature on studies of type be re- 
viewed. 

2. An evaluation of type programs and studies 
be considered as a topic for a panel discussion be- 
fore a joint session oi Extension and Production 


Sections at the 1950 annual meeting of the Amer- 
ican Dairy Science Association. 

3. All animals in college and experiment sta- 
tion herds be classified at least once a year. If 
feasible all animals over 6 months of age should 
be included. The purpose of this recommenda- 
tion is to make available some needed data for 
research purposes. 

4. Wherever individual classifications ratings 
arc published the age of the animal at the time 
of the rating be given. 

5. Cooperation of persons in charge of college 
and experiment station herds be given this com- 
mittee for a proposed survey on the utilitarian 
aspects of certain type characters as.sumed to be 
defects. 

6. Cooperation be extended to the committee 
of the Purebred Dairy Cattle Association that is 
charged with the consideration of type problems. 

7. The name of this committee be changed to 
the Type Committee. 

Thursday, A.M., June 23. 

Chairman Hecbink introduced the speakers 
presenting papers on 4-H club work. Following 
discussion of these papers, Chairman Hecbink 
opened the business session of the Extension 
Section. 

Six committee reports were read, amended and 
approved. The nominating committee brought 
in a slate of two candidates for Secretary of the 
Extension Section for 1949-50, Ramer D. Leigh- 
ton of Minnesota was elected Secretary. 

Chairman Hecbink called the final session to 
order at 1:30 p.m. at which time two papers on 
artificial breeding results and sire selection were 
presented. The section was then adjourned to 
the business meeting of the Association. 

Respectfully submitted — G. Heebink, Chair- 
man; C. W. Reeves, Vice-Chairman; Raymond 
Albrectsen, Secretary. 

Upon motion duly seconded, the report was 
accepted. 

REPORT OF THE PRODUCTION SECTION 

The Production Section held eight sessions at 
which 70 papers were presented. Eight sessions 
were held with concurrent sessions held to pro- 
vide for the large number of papers, as customary 
for the past 2 years. Two business meetings were 
held, and presided over by Chairman L. A. 
Moore. 

In addition to the eight sessions at which 
papers were read, a session was held with the 
Extension Section at which a panel discussion 
on the job of Herd Improvement, lead by Joe 
Taylor was held. Other participants were E. E. 
Heizer on “Allowing for the Effect of Environ- 
ment in Production’*, J. L. Lush on “Estimating 
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the Breeding Value of Young Bulls”, G. A, Bowl- 
ing on “Should a Bull be Linebred or Outbrcd?”, 

V. A. Rice on “What about Indexes in the Selec- 
tion of Bulls?”, Milton Fohrman on “Results 
from Crossbreeding”, and Frank Astroth on “Rea- 
sonable Production Increase to be Expected from 
Culling.” 

The reports for the following committees were 
presented and accepted by the Production and 
Extension Sections in joint session. 

Breeds Relations presented by H. A. Herman, 
Chairman, D. L. Fourt, W. W. Yapp, Floyd J. 
Arnold, E. C. Scheidenhelm and Lynn Copeland. 

Action recommended by the committee fol- 
lows: 

Rule 3, page 7 — Change the following .sentence 
“A supervisor is limited to 36 milkings per day” 
to read “The number of milkings supervised daily 
shall not exceed 48”. 

Rule 12, page 18 — Change to read as follows: 
“The number of milkings supervised per day A — 
When the herd is enrolled in a Dairy Herd Im- 
provement Association and the tests arc used for 
both H.I.R. and D.H.I.A., the number of milk- 
ings shall not exceed 60 per day, B — In central 
testing laboratories where additional technicians 
arc working the number of cows supervised by 
each supervisor shall be limited to 90 milkings, 
and C — When the tests are used solely for the 
H.I.R. report the number of milkings supervised 
shall not exceed 90 per day”. 

Rule 15, page 78— Change the following sen- 
tence “The retest shall include the entire herd, 
or, in case of herds requiring more than one day’s 
supervision that portion of the herd tested with 
the qualifying animals during the regular test 
period” to read “The retest shall include the 
entire herd, or, in case of herds requiring more 
than one day’s supervision, only those cows meet- 
ing retest requirements need to be included in 
die retest”. 

The committee recommends that the above 
revisions be made effective July 1, 1949. 

Dairy Cattle Health presented by C. G. Bradt, 

W. E. Petersen, Chairman, W. D. Pounden, R. E. 
Horwood, Joe Nageottc and W. R, Walker. 

Dairy Cattle Breeding— reported by Extensioi 
Section (Type Classification) 

Pasture Investigation Technique presented by 
R. H. LuA, Chairman, J. B. Shepherd and W. B. 
Nevens. 

Special Report of Dairy Cattle Judging Coaches 
— Fordyce Ely, Chairman. 

Dairy Cattle JudgingS. M. Salisbury. Chair- 
man, R. £. Johnson and D. L. Fouit, read fay sec- 
tion Secretaiy. 

' It was voted that the two above committees 
and others that they may have represented be 


dismissed, and that in their place a new com- 
mittee to be called the National Intercollegiate 
Dairy Cattle Judging Contest Committee be ap- 
pointed to carry on with these activities. 

Resolutions by D. M. Seath, chairman; R. E. 
Hodgson and K. L. Turk. 

Other business — Suggestions for improving the 
meetings included: 

t. The use of mimeographed summaries and 
graphs available in the abstracts. 

2. Less use of slides when mimeographed ma- 
terial is feasible. 

3. Placing available mimeographed material 
at a central location for the convenience of those 
not attending the particular section in which the 
paper is given. 

Nominating Committee. The report of this 
committee by G. W. Salisbury resulted in the sub- 
sequent election to the office of Secretary of N. 
N. Allen, University of Wisconsin. 

There being no further business, the meeting 
adjourned. 

Respectfully submitted — L. A. Moore, Chair- 
man; G. M. Cairns, Vice-Chairman; L. O. Gii.- 
AiORE, Secretary. 

Upon motion duly seconded, the report was 
accepted. 

REPORT OF THE MANUFACTURING 
SECTION 

The program for the manufacturing section 
was carried out as .scheduled and published in the 
May issue of the JOURNAL OF DAIRY SCI- 
ENCE. A total of 38 submitted papers and a 
symposium on milk proteins consisting of four 
ihvitational papers W'crc presented. Three papers 
(MIO, M21 and M22) were not given. The 
sumposium on milk proteins W'as under the lead- 
ership of A. M. Swanson. 

The business meetings of the section were held 
Tuesday, June 21 at 4:30 p.m, and Thursday, 
June 23 at 11:00 to 12:00 a.m., with Chairman 
£. M. Barker presiding. Reports from the Stand- 
ing Committees on Butter, Dairy By-Products, 
Milk and Cream with six subcommittees on Prod- 
ucts Judging, on Standardizing Methods for Con- 
ducting all Phases of Babcock Testing, and on 
Standardizing all Tests of Dairy Alkalis and 
Methods of Reporting Results, were read and 
accepted. 

The following motions were passed: 

1. That the scoring method for sediment in 
bottled milk and cream proposed by the com- 
mittee be accepted as official by the section and 
presented to the general session for adoption. 

2. That the woilt of the following committees 
be continued: 

(a) Committee on Standardizatum of the 
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Acidity Test of all Dairy Products. 

(b) Committee on Standardization of all 
phases of Babcock Testing. 

(c) Committee on Standardizing Dairy 
Alkali Tests. 

(d) Committee on Dairy By-Products. 

3. 7’hat a committee be appointed to study 
methodology, classification and nomenclature of 
milk proteins. 

The section elected the following ofTicers to 
scrv’c for the coming year: E. L. Jack, Secretary; 
J. H. Hetrick, Vice-chairman; and D. V. Joseph- 
son, Chairman. 

Respectfully submitted — E. M. Barker, Chair- 
man; D. V. JosEPHSON, Vice-Chairman; J. }1. 
Hetrick, Secretary 

Upon motion duly seconded, the report was 
accepted. 

EDl'I’OR’S REPORT 

'I'he twelve issues of Volume XXXI of the 
JOURNAL OF DAIRY SCIENCE printed dur- 
ing 1948 consisted of 924 pages of original articles, 
8 pages of Association announcements, 20 pages 
of program for the annual meetings, 32 pages of 
proceedings of the annual meetings, 73 pages of 
abstracts of papers presented at the aimual meet- 
ings, 46 pages of indices, 37 page? of membership 
list, 160 pages of abstra<ts and 3 pages of miscel- 
laneous. This makes a total of 1,303 pages, ex- 
clusive of the advertising sections and blank 
pages. 

The material printed included 102 manu.scripts 
(54 in the production field and 48 in the products 
field) and 4 reviews { 1 in the production field and 
3 in the products field), 137 abstracts of papers 
presented at the annual meetings and 436 abstracts 
of literature appearing in the Abstract Section. 
Of the 130 papers .submitted for publication dur- 
ing the year, 14 were rejected and 55 were on 
hand at the end of the year in various stages of 
processing for publication. 

The assistance of all those who have aided in 
the review of papers is acknowdedged with grati- 
tude. Without the continued cooperation of the 
reviewers present standards could not be main- 
tained. TTie cooperative manner in which au- 
thors have helped to maintain publication stand- 
ards and to condense their material as much as 
po&sible also is appreciated. 

In line with the recommendation of the Journal 
Management Committee, the Abstract Section 
has been expanded as of January 1, 1949, by the 
addition of a considerable group of new ab- 
stractors and by the appointment of section edi- 
tors for the alMtracts. As of April 1, 1949, 57 
abstractors had agreed to abstract 99 journals 
and additions to this group will be made as the 


opportunity arises. In the first five issues this 
year, 417 abstracts have been published. This 
expansion in coverage has been possible only be- 
cause of the excellent cooperation which many 
members have given this project. The two- 
column format of the Abstract Section also was 
adopted with the January i.ssuc. The slightly 
narrowed margins and slightly smaller type have 
resulted in a considerable saving in paper and 
press costs without sacrificing readability of the 
of the abstracts. Any members who have access 
to significant journals which now are not being 
covered in the Abstract Section arc invited to 
volunteer for abstracting such journals. The as- 
sistance of abstractors familiar woth one or more 
of the foreign languages, especially Italian, 
French, German and Finnish, is especially needed 
at present. 

Respectfully submitted — F. E. Nelson, Editor 

Upon motion duly seconded, the report was 
accepted. 

SECRETARY-TREASURER’S REPORT 

The membership and circulation of the JOUR- 
NAL for the year 1948 showed a further rise in 
numbers totaling 3881 by the end of the year. 
This total is made up of 1747 members, 780 stu- 
dent afriliate.s and 1357 .subscribers. 

The following is a summary of our gains and 
losses in members for 1948; 


Membership December 31, 1947 1663 

Gains: New Members 1948 177 

Former student affiliates . . 18 

Total gain 195 

Losses: Members resigned 12 

Members delinquent .... 92 

Members deceased 7 

Total loss Ill 

Net Membership gain 84 


Membership Total, December 31, 1948 . 1747 

In order to supplement the membership drive 
which w'as conducted last year and to increase 
the membership of the association for 1949, your 
secretary will be glad to write a personal letter 
from this office to any prospective members w'ho.se 
names may be sent to him. It is hoped that this 
may result in a larger membership in 1949 and 
aid in the membership efforts of our present 
members. 

Another phase of membership which needs 
further attention by all members and especially 
by those who arc at universities in the country, 
is the encouragement of student affiliates to 
assume full membership in the association upon 
graduation. Here is a source of members which 
has never been fully realized and never fully 
drawn upon by the association. 

Plans are under way to contact all dairy school 
graduates with literature regarding the associa- 
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tion and the advantages of membership therein, 
but if such a program is to be successful, all per* 
sons who are in contact with such graduates must 
make every effort to get the story of the American 
Dairy Science Association across. Close coopera- 
tion between dairy department heads and the 
secretary should assure success. 

The biggest worry of the Association is the 
ever increasing cost of JOURNAL publication. 
It might be well to mention that unless some 
method is devised for defraying or lowering the 
cost of publication, the association can expect to 
operate in the red for this year the same as it 
did for the year just past. Some of the ways in 
which this cost can be overcome is through in- 
creased membership, an increase in the number 
of subscribers, and an increase in advertising 
carried. 

Advertising which appeared in the JOURNAL 
during 1948 occupied 199 pages and was wofth 
$7,840.64 to the association as compared with 
198 pages and $7,225.92 for 1947. Your secretary 
feels that the low advertising rates which we are 
charging should induce more companies to place 
advertising in the JOURNAL and that we should 
engage in an active program of solicitation for 
the year 1950. Any ground work which the 
members can give along this line will be greatly 
appreciated and will do much to assist with the 
financial problems of the Association. 

It might be of interest to the members to know 
that we have 506 foreign subscribers to the 
JOURNAL. The big three in the foreign field 
are Australia, England and Holland with 56, 73 
and 52 respectively. Altogether our JOURNAL 
is being sent to 45 foreign countries, so you can 
see that interest in dairy science is world wide. 

Sale of back copies during the past year totaled 
570. This was 220 below 1947, and followed an 
anticipated trend downward inasmuch as most 
of the members and subscribers who missed out 
on issues during the war have purchased the 
back copies they desired. There are some issues 
which are out of print at present which un- 
doubtedly should be reprinted at the earliest pos- 
sible moment of suitable cost. To date the as- 
sociation has made no move in this direction feel- 
ing that it would be wiser to wait until printing 
costs come down a bit. 

The student branches of the American Dairy 
Science Association are showing continued and 
increasing activity and are fast becoming a factor 
in the world of dairy science. Since our meeting 
last year, the Executive Committee has granted 
certificatei to the following schools: Rutgers 
University, New Jersey, a new certificate; Uni- 
vanity of Massachusetts, Ohio State University 
and Univeiiity of Georgia, renewal certifi- 


cates. While we are on the subject of student 
branches, an apology is in order for Clemson Col- 
lege. The name of Clemson was omitted last 
year from the list of those schools which had 
student branches through an oversight Clemson, 
under the able leadership of J. P. LaMaster and 
B. E. Goodale, is definitely to be numbered 
amongst the living. 

The big four in student activity in the Ameri- 
can Dairy Science Association are Ohio with 148 
students, Oklahoma with 68, Iowa with 66 and 
Wisconsin with 51. Ohio leads the field with 
more than twice as many members as its nearest 
rival. Apparently W. L. Slatter and S. M. Salis- 
bury must have the secret of successful chapters 
well in hand. Last year’s total student affiliate 
membership was 780. So far this year the total 
has increased to 846, with new memberships 
coming in frequently. 

As per predictions made by the late R. B. 
Stoltz at our Athens, Georgia meeting, your A.s- 
sociation operated at a $3,083.37 lo.ss during the 
past year. This loss was entirely unavoidable due 
to the already high and ever increasing costs of 
printing the JOURNAL. The executive board 
has set up a budget of $39,500.00 for 1950 which 
is considerably higher than the 1949 budget, and 
reflects this increased cost of operation. Our net 
worth as of December 31, 1948, was $36,036.84. 
A complete report of the Certified Public Ac- 
countant was sent to each member of the Ex- 
ecutive Board in March. One bright spot in the 
financial picture for the year was the maturing of 
three $1,000 bonds which your secretary rein- 
vested by purchasing four $1,000 Series F bonds 
which are now in the Association’s Safe Deposit 
Box. The interest from the three bonds totaled 
$790.00 which enabled us to purchase an addi- 
tional bond and place the extra $40.00 in our 
bank account. 

I wish to take this opportunity to express my 
sincere and grateful thanks to all those mem- 
bers of the Association, who through their will- 
ingness to help and the encouragement which 
they have offered, have made the job of acting 
Secretary-Treasurer both instructive and enjoy- 
able. 

Respectfully submitted — P. R. Ellsworth, 
Acting Secretary-Treasurer. 

Upon motion duly seconded, the report was 
approved. 

AUDITING COMMITTEE REPORT 

The president then requested the report of the 
Auditing Committee which was read by H. S. 
Willard. 

May 11, 1949 

To the Directors and Membos of ^ 
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American Dairy Science Association 
Gentlemen: 

On May 6, 1949, Mr. Walter C. Burnham, a 
certified public accountant, met with the Auditing 
Committee of the American Dairy Science As- 
sociation. At that time, Mr. Burnham’s report 
of his audit of the American Dairy Science As- 
sociation business for 1948 was considered. 

Mr. Burnham has made a thorough examina- 
tion of the records. He has checked the bank 
statements and examined all the U. S. Govern- 
ment Bonds. Mr. Burnham had check-tested the 
inventory of Journals and Twenty-Year Index to 
assure accuracy of the physical inventory. 

The Auditing Committee is satisfied that the 
financial statement for the year 1948 is correct. 
We recommend that it be accepted by the Board 
of Directors and the members of the American 
Dairy Science Asssociation. 

Respectfully submitted— W. J. Brakel, Chair- 
man; R. N. Kennedy; H. S. Wiliard. 

Upon motion duly seconded, the report of the 
Auditing Committee was accepted and ordered 
filed. 

REPORT OF THE JOURNAL MANAGE- 
MENT COMMITTEE 

During the past year as authorized by the 
Journal Management Committee and the Execu- 
tive Board of the American Dairy Science As- 
sociation, the following action has been taken. 

1. The abstract section of the editorial work 
has been reorganized and section editors in the 
various subject matter fields appointed. 

2. The abstract section of the Journal is now 
printed in two-column pages and in slightly 
smaller type thus saving considerable space. 

3. Two exchanges with foreign journals have 
been arranged and others are being contemplated. 

In furtherance of a program of continued prog- 
ress the Journal Management Committee rec- 
ommends: 

1. In continuation of the policy of rotating the 
associate editors the Journal Management Com- 
mittee recommends that Associate Editors H. A. 
Ruehe and E. P. Reineke be retired and W. V. 
Price and H. A. Herman be appointed as re- 
placements. 

2. In view of the possible desirability of ex- 
panding the exchange arrangement with foreign 
journals for abstracting purposes the Journal 
Management Committee recommends t^t the 
Executive Board authorize the provision of suf- 
ficient exchange copies as needed for this pur- 
pose. 

3. The Journal Management Committee rec- 
ommends that the Proc^ings of the Annual 
Meediig and the Abstracts of Papers presented 


at the Annual Meeting be printed in two column 
pages in the same form as is now used for the 
abstract section. 

4. In consideration of the high printing costs 
and little prospect of relief from these high costs 
in sight, the Journal Management Committee 
recommends that the Executive Board consider 
retrenchment or action on certain proposals to 
increase the revenue of the Association. 

The Journal Management Committee wishes 
to express the commendation of the Association 
membership to the Editor and Editorial Staff in 
acknowledgemnt of the excellence of their work. 

Respectfully submitted — ^T. S. Sutton; P. R. 
Eluker; G. H. Wise. 

Upon motion, duly seconded, the report was 
approved. 

REPORT OF NATIONAL RESEARCH 
COUNCIL 

TTie activities of the Division of Biology and 
Agriculture of the National Research Council arc 
varied and numerous. Several arc of particular 
interest to the American Dairy Science Associa- 
tion. At present this Division has committees 
studying the problems involved in the public 
health aspects of Brucellosis in animal nutrition 
and in milk production, distribution and quality. 

Since the organization of the American In- 
stitute of Biological Sciences, about two years 
ago, under the sponsorship of the National Re- 
search Council, there has been some merging of 
the programs followed by the Institute and the 
Division of Biology and Agriculture. This is 
inevitable since it was designed in the organiza- 
tion of the Institute that all member Societies of 
the Division would become members of the In- 
stitute. 

As of January 1, 1949, the Institute had fifteen 
members and two societies as affiliates. Already 
during this year several other societies have be- 
come members of the Institute, thus adding to 
its strength and usefulness. 

The American Dairy Science Association as yet 
has not joined the Institute. An invitation was 
issued by the Institute to our Association to have 
a representative at its board meeting on May 4, 
1949, so President Petersen requested your re- 
porter to attend. Much of the report made at 
this meeting was again reported and discussed at 
the meeting of the Division of Biology and Agri- 
culture which was held the next day. 

Items that should interest our membership 
were: (a) A report of the Committee on Ad- 
visory l^rvices to Armed Forces, (b) A report 
of the Committee on Handbook of Biological 
Data, and (c) A report of the Publications Com- 
mittee. 
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The Committee on Advisory Services to the 
Armed Forces has been asked by General Hershey, 
Director of Selective Service, to serve as his ad- 
visory panel in the field of the biological sciences. 
Hiis is the first time that biology, as such, has 
been officially recognized in connection with man 
power problems in the U. S. A plan has been 
proposed for organized cooperation between the 
Armed Services and biology in placing scientific 
personnel where it can serve most usefully. Un- 
der it, all worthy young scholars will be deferred. 
The tests for deferment arc (a) interest in a 
scientific field and (b) an intelligence level at 
least equal to that required for officer training. 
If this latter test produced too many deferments, 
then the intelligence standards would be raised. 
These intelligence standards would be applied 
and the weeding out done within each college or 
university. 

A proposal was also made to put all scientists in 
a common pool — probably with a common sci- 
ence uniform, so ffiat they could be transferred 
from one service to another with no difficulty and 
placed where they could do the most good. 

Tht plan as finally worked out has been ac- 
cepted by the Selective Service Administration 
and forwarded to the President of the United 
States for his approval and action, probably 
through a Presidential Directive. 

The idea for a Handbook of Biology really 
started when the Air Force asked for a Handbook 
on Medical Science. Due to the efforts of the 
American Institute of Biological Sciences, the 
scope of the Handbook was enlarged and the In- 
stitute given the responsibility of its compilation. 
The Air Force has underwritten the start of the 
book through an appropriation of $15,000 but the 
ultimate cost is expected to be about a quarter of 
a million dollars. The Handbook will contain 
authentic, accepted and frequently used constants, 
data, normal values, tolerances, and standards ap- 
plying to the quantitative aspects of biology in 
its broad and basic sense, including many fields 
of applied biology. The committee in charge of 
ffiis compilation solicits the cooperation of all 
interested societies and their members in gather- 
ing the material that each would most like to see 
in a handbook. 

The Publications Committee has been studying 
the economies that might occur through coopera- 
tive publication of magazines of memW societies. 
In canvassing ffie membership of the Division of 
Bidlogy and Agriculture it was found that twenty 
of the Societies had a lively interest in this ven- 
ture, eighteen were somewhat interested and 
twdve wm not intfmted. Further efforts will 
be made, t^^ aerve those interested Societies by 
gettfug ‘M, publishing their magaziaes uni- 


formly as to size, kind of paper, by standard 
printing or by the off-set method, etc. 

During the past year Dr, R. E. Cleland, De- 
partment of Botany, Indiana University, replaced 
Dr. J. S. Nicholas as Chairman of the Division of 
Biology and Agriculture. Dr. Cleland also was 
Chairman of the Board of Governors of the 
American Institute of Biological Sciences during 
the past year, but was replaced at the last meet- 
ing by Dr. E. G. Butler, Department of Biology, 
Princeton University. 

Respectfully submitted — C. Y. Cannon 

Upon motion duly seconded, the report was 
approved. 

NECROLOGY COMMITTEE REPORT 

Robert Bear Stoltz, Professor and Chairman of 
the Department of Dairy Technology, Ohio State 
University, Columbus, passed away on October 
2, 1948. He was bom on March 6, 1890, at Brad- 
ford, Ohio. He graduated from Ohio State Uni- 
versity in 1912 and joined the staff of that Uni- 
versity soon after graduation. He taught Dair>' 
Husbandry and was promoted to full professor 
in 1923. In 1929 he was made Chairman of a 
newly formed Department of Dairy Technology, 
a position he held until his death. Professor 
Stoltz took an active part in the organization of 
several commercial dairy associations. The Ohio 
Swiss Cheese Association and the Columbus Milk 
Distributors Association are but two highly suc- 
cessful groups that he organized and served for 
many years. He also served as secretary of the 
National Cheese Association for several years 
and was an honorary member of the Board of 
Tmstees of the Ohio Dairy Products Association. 
His outstanding service to the American Dairy 
Science Association is well known to all members. 
Aside from serving as Secretary of this Associa- 
tion for over 1 2 years he also was our president in 
1934. His tireless efforts in promoting the affairs 
of the Association have made this Association a 
large, aggressive and financially sound organiza- 
tion. It is fortunate that this a.ssoctation recog- 
nized his many contributions before his untimely 
death by presenting him with the Association 
Award in 1947. Professor Stoltz was very active 
in Masonry work and attained the 33rd degree in 
that organization. Before his death he was 
elected to the post of Deputy General Grand 
Master of the General Grand Council, R. Sc S.M. 
of the Umted States. He is survived by his ^e, 
Mrs. Marie Cassel Stoltz, one son and three 
daughters. His untimely deaffi is a great loss 
to this Associadon but the fruits of his labors will 
long be felt in the progress of the American 
Dairy Science Association. 

Samuel Irvin Bechdel, Professor of Dairy Hus- 
bandry, the Pennsylvania State College, State 
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College, was bom at Howard, Pennsylvania, July 
9, 1886. He received his B.S. degree from the 
Pennsylvania State College in 1911, an M.S. 
degree from the same institution in 1916 and a 
Ph.D degree from the University of Minnesota in 
1925, During his 32 years of service to the 
Pennsylvania State College Dr. Bechdel dis- 
tinguished himself as a teacher and scientist. His 
most outstanding contributions in the held of 
Dairy Research were his studies on vitamin re- 
quirements of dairy cattle and silage and pasture 
investigations. His experimental work with vita- 
min B synthesis in ruminants attracted world 
wide attention. Dr. Bechdel was very active in 
church work, serving as Deacon, Elder and as 
teacher of the Men’s Bible Class of the Faith 
Reformed Church for some 20 years. He retired 
in January, 1946, due to ill health and passed 
away on September 13, 1948. He is survived by 
his wife and four children. 

Christian Larsen was bom in Odense, Denmark 
on August 4, 1874. After coming to this country 
he received a B. S. degree in Agriculture at Iowa 
State College in 1902 and an M.S. degree from 
that institution in 1904. He served on the in- 
structional staffs at Massachusetts State College, 
Iowa State College and Utah State College and 
in 1907 went to South Dakota State College as 
Professor of Dairy Husbandry and Director of 
Extension. In 1921 he became Director of Dairy 
Marketing for the Illinois Agricultural Associa- 
tion. He was appointed Dean of Agriculture at 
the South Dakota College in 1923, a position he 
held until his retirement in 1940. Dean I^rscn 
was one of the pioneers in the field of dairy sci- 
ence and made many early contributions in both 
dairy manufacturing and production. Production 
heredity, physiology of milk secretion, effects of 
water and alkali on nutrition and the chemistry 
of butter were but a few of his major interests. 
He was the author of several early books on dairy- 
ing subjects among which were Principles and 
Practices of Buttermaking, published in 190.5, and 
Dairy Technology, published in 1914. He held 
memberships in many Agricultural and Scientihe 
societies, as well as fraternal and civic groups. 
He was a member of the American Dairy Science 
Association from 1920 until his death and was 
honored with a life membership in this Associa- 
tion in 1943. Dean Larsen pas.sed away on 
August 23, 1948. 

Thomas E. Elder was born in Virginia in 
October 1882 and died of a heart attack at Cedar 
Grove, N. J,, September 8, 1948. He was grad- 
uated from Cornell University in 1911 where he 
specialized in Animal Husbandry under the late 
^fessor H. H. Wing. Shortly after completing 
his college course, he Joined the staff of the 
Mount Hermon S^ool for Boys at Mount Hcr- 


mon, Mass, and became Dean of the school in 
1926. He served as a director of the Holstein- 
Friesian Association of America from 1921 to 
1941, a period of 20 years. He was a member of 
the True Type Committee of the Holstein- 
Friesian Association, the committee that devel- 
oped the true type models and paintings for the 
Holstein breed, and .served as an official inspector 
from the beginning of the type classiBcation pro- 
gram in 1929 until the day of his death. He had 
gone from his home in Alton, N. H. to inspect 
and classify the Overbrook Dairy herd at Cedar 
Grove, N. J. and there his death occurred. His 
wife, Grace Holton Elder, and two sons survive 
him. 

Thomas B. Buchanan, manager of Borden’s 
Hamilton Milk Co., Columbus, O. for over 28 
years, died September 18, 1948. A native of 
Cincinnati, Mr. Buchanan spent his boyhood in 
that city, but moved to begin his career in the 
dairy indu.str>' in Columbus, O. as a route sales- 
man for the Pure Milk Co. Mr. Buchanan later 
became a meml>cr of the Moores and Ross or- 
ganization and was appointed manager of the 
Hamilton Milk Co. which they acquired in 1920. 
After the Borden Company acquired this com- 
pany in 1929, Mr. Buchanan remained as man- 
ager of the expanded Borden’s Hamilton Milk 
Co. and held this po.sition until his death. Mr. 
Buchanan joined the American Dairy Science 
Association in 1932. At the time of his death he 
was treasurer of the Columbus Milk Distributors 
Association, treasurer of the Ohio Dairy Products 
Association, and a member of the Columbus 
Lions Club. He is .survived by his wife, three 
daughters and two grandchildren. 

It was reported to the A.s$ociation that Mr. 
Charles Staff of Pleasant Ridge, Mich. pas.sed a- 
w'ay on July 10, 1948. Mr. Staff was formerly 
associated with the Larro Research Farms at 
Detroit, Mich, and at the time of his death was 
with General Mills at Pleasant Ridge, Mich. He 
has been a member of the Association since 1942. 
The committee was unable to obtain further in- 
formation regarding Mr. Staff. 

Respectfully submitted — ^J. P. liAMASTER; D. 
V. Josephson; D. M. Seath, Chairman. 

Upon motion duly seconded, the report was 
accepted. 

RESOLUTIONS COMMITTEE REPORT 

WHEREAS: The University of Minnesota 
through its administrative staffs and faculty has 
made available to the American Dairy Science 
Association in this its 44th Annual Meeting all 
needed physical facilities for the meeting, and 

WHEREAS; Every possible personal courtesy 
has been given to members of the Association for 
their enjoyment and entertainment, 
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Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association take this oppor- 
tunity officially to extend its thanks and apprecia- 
tion and hereby request the President of this 
Association to convey by letter this appreciation to 
President J. L. Morrill and to Dean Clyde H. 
Bailey, and Professor J. B. Fitch. 

WHEREAS: Many commercial and civic or- 
ganizations have contributed greatly to the suc- 
cess and enjoyment of this 44th annual meeting. 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association express to these 
organizations its sincere appreciation. 

WHEREAS: The Borden Company has again 
offered its awards for outstanding research in 
dairy manufacturing and production. 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association express to the 
Borden Company its sincere appreciation of this 
evidence of its continued interest in dairy re- 
search. 

WHEREAS: The American Feed Manufac- 
turers Association has seen fit to offer an award 
for outstanding research in the field of dairy cattle 
nutrition, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association express to the 
American Feed Manufacturers Association its sin- 
cere appreciation for their interest in and 
encouragement of research in dairy cattle nutri- 
tion. 

WHEREAS: The Purebred Dairy Cattle Asso- 
ciation has continued in its cooperation with the 
American Dairy Science Association in establish- 
ing uniform rules for the testing of dairy cattle. 


for the regulation of artificial breeding and other 
matters promoting uniformity and, 

WHEREAS: The Purebred Dairy Cattle As- 
sociation has established a Dairy Cattle Breeding 
Research Council for the purpose of encouraging 
and supporting research in this field, in coopera- 
tion with the various experiment stations, 

Therefore, be it RESOLVED: That the Amer- 
ican Dairy Science Association commend the 
Purebred Dairy Cattle Association for its efforts. 

WHEREAS: The officers of the various sec- 
tions of the Association are changed annually and 
are often unfamiliar with organizational pro- 
cedure, considerable confusion and misunder- 
standing exists. 

Therefore, be it RESOLVED: That the Ex- 
ecutive Board instruct the Secretary of the 
Association to prepare a report outlining the setup 
of the Association and the procedures to be 
followed in handling committee reports, recom- 
mendations and resolutions by the various sections 
in order that the business of the association at the 
annual meeting can be handled in an orderly 
manner. 

Respectfully submitted — ^A. A. Spielman, 
Chairman; F. J. Arnold; F. C. Fountaine; H. 
B. Henderson; A. J. Morris. 

REGISTRATION COMMITTEE REPORT 

S. T. Coulter, University of Minnesota, made 
the following report for the Registration Com- 
mittee. Upon motion duly seconded, it was 
accepted. 

C« Y. Cannon moved and A. W. Rudnick 
seconded that all actions of the Executive Board 
during the past year be approved. 
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32 
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15 
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16 

Michigan 

32 
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2 
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6 
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3 
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26 
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23 
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5 
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16 
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93 

29 
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3 
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8 

68 
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70 
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111 

14 
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19 
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4 

44 
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5 
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84 
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3 
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6 
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4 
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1 
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2 
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73 
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MEETING OF THE EXECUTIVE BOARD 
AMERICAN DAIRY SCIENCE 
ASSOCIATION 

P. R. Ellsworth, Secretary-TreasureT 

The Executive Board transacted the following 
business: 

Approved the minutes of the past annual meet- 
ing. 

Approved the Editor's report. 

Approved the Secretary's report. 

Approved the Journal Management Committee 
report. 

Approved the Auditing Committee report. 
Approved the Budget for 1950, amounting to 
$39,500. 

Received the report of the representative of 
the National Research Council. 

Re-employed the editor for the ensuing year. 
Employed the present acting Secretary- 
Treasurer as Secretary-Treasurer for the ensuing 
year. 

Voted unanimously to make H. B. Ellenberger 
an honorary member of the Association. 

Elected J. K. Loosli as a member of the Jour- 
nal Management Committee to serve^for the three 
ensuing years. 

Accepted Cornell University's invitation to 
hold the 45th Annual Meeting of the Association 
there in 1950. 

Voted to make O. C. Cunningham a life mem- 
ber of the Association. 

Voted to reconunend that the Association no 
longer furnish free reprints of articles to authors. 
Voted to recommend to the Association that: 

Domestic subscription rates be raised from 
$6.00 to $10.00 per year. 

Foreign subscription rates be raised from 
$6.50 to $10.50 per year. 

Membership dues be raised from $5.00 to 
$6.00 per year. 

Student Affiliates dues remain at $3.00 per 
year. 

The Associate Subscriber classification be dis- 
continued and that all present associate sub- 
scribers be invited to become members or sub- 
scribers as the appropriate case may be, with 
no $5.00 affiliation fee being charged those who 
become members. 

Voted to have printed abstracts of all papers 
presented at the annual meeting available at the 
registration table. Cost of these reprints to be 
included in the registration fee. The journal vrill 
print all abstracts in the June issue. 


Renewed student branch certificates for the 
University of Massachusetts, University of Georgia 
and Ohio State University and issued a new certi- 
ficate to Rutgers University, New Jersey. 

Went on record as being in favor of the estab- 
lishment of some sort of an award for Extension 
personnel should a suitable donor be found. 

Empowered Journal Management Committee 
to make final decisions, if needed, relative to new 
or questionable advertising. 

Approved the Resolutions Committee report 
as corrected. 

Recommended to the Association that the Sec- 
retary be authorized to accept applications for 
membership in the American Dairy Science Asso- 
ciation from citizens of foreign countries who have 
received advanced technical training in dairy 
science in the United States or Canada. This 
training would normally be expected to repre- 
sent the equivalent of a Master’s degree or Doc- 
tor’s degree in our colleges, or work of at least 
one year's duration towards such degrees. 

Recommended to the Association that student 
affiliate memberships of foreign citizens in United 
States or Canadian colleges may be converted to 
full memberships by the usual method of conver- 
sion now used for United States student affiliates. 

Recommended that a new class of foreign 
members be established as follows: Upon the 
nomination of two or more members and approval 
by the Executive Board, distinguished foreign 
dairy scientists may be elected to membership 
with all the privileges of domestic members ex- 
cept that they have no voting privileges. The 
number of members elected normally would be 
restricted so that such election would be con- 
sidered a distinct honor. 

Recommended that the Association print the 
lectures of Dr. W. W. Spink on “Brucellosis in 
Man" and by Dr. Ancel Keys on “Cholesterol and 
the Problem of Aging" in the JOURNAL OF 
DAIRY SCIENCE as part of the proceedings of 
the annual meeting. 

The Nominating Committee consisting of War- 
ren Gifford, P. H. Tracy, E. G. Hood, Otto Hill 
and C. G. Bradt nominated the following can- 
didates in April: Vice-president, R. B. Becker 
and S. J. Brownell; directors, C. W. Turner, J. P, 
LaMaster, F. J. Arnold and E. J. Perry. 

Results of the election were announced on June 
1 as follows: Vice-president, R. B. Becker of 
Florida; directors, C. W. Turner of Missouri, and 
F. J. Arnold of Iowa. 

Upon motion duly seconded the report was 
approved. 
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THE AMERICAN DAIRY SCIENCE ASSOCIATION AWARDS 

Minneapolis, Minnesota, June 23, 1949 


W. E. Petersen, of the University of Minnesota, 
acted as toastmaster at the annual awards banquet 
on June 23 at Coffman Memorial Union, Minne- 
apolis, Minnesota. He installed the officers-elect 
as follows; G. M. Trout, of Michigan, was in- 
stalled as President; R. B. Becker, of Florida, as 
Vice-President; C. W. Turner, of Missouri, and 
F. J. Arnold, of Iowa, as Directors. 

Mr. Trout, you are about to take over the re- 
sponsibilities of President of the American Dairy 
Science Association. As President it will be your 
duty to be chairman of the Executive Board and 
submit to the Board for approval the nominations 
of members to fill vacancies that may occur 
among the elected officers of the Association. As 
President you shall appoint, without the approval 
of the Executive Board, the standing non-elective 
committees of the Association. With these obli- 
gations, privileges and responsibilities I now 
charge you with the honor of being President of 
the American Dairy Science Association with all 
the privileges, responsibilities and obligations per- 
taining thereto. 

Mr. Becker, you are about to take over the re- 
sponsibilities of Vice-President of the American 
Dairy Science Association. As Vice-President, it 
will be your duty to preside over the Executive 
Board in the absence of the President and assume 
other duties of the Executive Board. At the 
expiration of President Trout’s term, you will 
automatically become President of this Associa- 
tion. I now charge you with these duties. 

Mr. Turner and Mr. Arnold, you were elected ^ 
to the Executive Board of the American Dairy' 
Science Association. It is the duty of the Board 
members to pass on all applications for the estab- 
lishment of divisions, sections, and student 
branches of the Association. You will have full 
control of the budget and general business of the 
Association and have title to all property and 
funds of the Association. You will be members of 
the Board that has all the rights and power vested 
in the by-laws of the Association. With these 
privileges, responsibilities, and obligations you are 
now considered as members of the Executive 
Board of the American Dairy Science Association 
to serve a term of three years. 

PRESENTATION OF ASSOCIATION 
AWARD 

The toastmaster then introduced J. A. Nelson, 
chairman of the Association Honors Committee, 
who made the following citation: 

Howard Bowman Ellenberger was bom at 
Dallas, Iowa and educated in the public schools 


of Iowa. He entered Iowa State College and 
was granted the Bachelor of Science degree by 
that institution in 1905. He earned the Master 
of Science degree from Cornell University in 1915 
and continued with his advanced studies and in- 
vestigations at Cornell to earn the degree of 



HOWARD BOWMAN ELLENBERGER 

Doctor of Philosophy in 1917, He married Pri- 
scilla Flatt, who has been a very conscientious 
and ardent co-worker in his professional life. 

Before completing his undergraduate work, 
Howard Ellenberger gained practical experience 
by working as herdsman in Illinois and in Min- 
nesota before graduating from Iowa State Col- 
lege. After graduation, he gained further practi- 
cal experience as foreman and superintendent of 
farms in Illinois, Missouri and Iowa. His quest 
for further knowledge and his ambition led him 
to Cornell Univeristy in 1914 as instructor and 
graduate student, luring the time he was in- 
structing and doing graduate work at Cornell, he 
served as specialist in dairy manufacturing during 
the summer vacations for the Veimont Depart- 
ment of Agriculture. He performed his duties so 
well that he was offered and accepted the posi- 
tion as Associate Professor of Animal and Dairy 
Husbandry at the Univeruty of Vermont after 



AMERICAN DAIRY SCIENCE ABSOCUTION 


747 


completing the work for the doctorate in 1917. 
His efficiency, sincerity and foresight brought 
about rapid advancement and in 1918 he was 
made head of the Department of Animal and 
Dairy Husbandry, a position which he held until 
his retirement in 1948. 

Doctor Ellenberger has had a wide field of 
interest. He was author and co-author of a num- 
ber of dairy bulletins and scientific papers on 
dairy production, dairy cattle management, dairy 
feeds, breeding and dairy products manufacturing 
and regulatory work. His interest and influence 
in the dairy industry went far beyond the borders 
of his home state of Vermont. He visited other 
institutions to study their methods and to exchange 
ideas with other workers. He always was 
helpful in assisting others with their problems. 

His prominence and his good judgement were 
recognized by others in the dairy industry. He 
was honored by being selected as chairman of the 
New England Governors* Dairy Advisory Board 
to organize and administer the Boston market 
milk area from 1931 to 1933. This duty he per- 
formed with distinction. 

To achieve cIo.scr coordination of the Vermont 
dairy industry, he organized the Vermont Dairy 
Plant Operators and Managers Association of 
which he was executive secretary from 1921 to 
1941. He is now honorary secretary of this asso- 
ciation. Professor Ellenberger has always been a 
diligent and sincere worker in the American 
Dairy Science Association. He served as chair- 
man of the Eastern Division in 1926, chairman of 
the Production Section in 1930 and was presi- 
dent of the National Association in 1931 and 
director in 1940-42. His interest in scientific 
research and advancement was not limited to the 
dairy field. He has been a member of the 
American Society of Animal Production in which 
he served as North Atlantic vice-president and as 
chairman of the North Atlantic Section. 

For these outstanding achievements in the 
dairy field and in other related fields and for the 
long and honorable service in the advancement 
of the dairy industry, it is with great pleasure that 
the American Dairy Science Association selects 
Howard Bowman Ellenberger as “Dairyman of 
the Year*’. In token of our high esteem of his 
professional accomplishments, we present to him 
this distinguished service award, 

PRESENTATION OF BORDEN AWARDS 

I. A. Gould, member of the Borden Award 
Committee for manufacturing, was then intro- 
duced and made the following statements; 

The man chosen for the 1949 American Dairy 
Science Association Borden Award in Dairy 
Manufacturing hai for more than a quarter of a 


century been contributing to our knowledge in 
this field of endeavor. Over this span of years 
he has conducted a wide variety of research, both 
fundamental and applied, which has revealed 
unusual creative ability and a broad knowledge in 
dairy technology and in the allied science fields. 
His contributions have been based on sound sci- 
entific techniques and procedures which have 
yielded results of much value to the dairy indus- 
try. 



FRANCIS JANNEY DOAN 


This man has been author or co-author of more 
than eighty publications, the major part of which 
pertain to original research. His research and 
publications have been principally in the fields 
of market milk and concentrated milk products. 
He was a pioneer' in studying homogenization and 
has conducted research of this process, as applied 
to milk and cream, for more than 22 years. In 
these studies he demonstrated the effect of homo- 
genization and of fat clumping on the heat and 
alcohol stability of milk proteins and obtained 
information on the fundamental factors responsi- 
ble for the heat “curdling** or “feathering** of 
cream. Also, his research revealed that the lipase 
enzyme in milk was inactivated at relatively low 
temperatures, so that this enzyme was not a factor 
of spoilage in pasteurized homogenized milk. In 
later stuffies dealing with the stability of emul- 
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sion of fat in homogenized milk) he obtained re* 
suits which served as the basis for establishing 
new standards for the commercial bottled product* 

Another important phase of his research has 
dealt with soft curd milk. By utilizing an im- 
proved in vitro technique for determining the 
digestibility of milk and for judging its suitability 
for infant feeding) he demonstrated the treatments 
and processes which yielded milk with superior 
digestible characteristics. His work tended to 
cast considerable doubt on the reliability of **curd- 
tension” values in indicating the digestibility of 
milk. AlsO) in this series of studies, he demon- 
strated the effect of mastitis on the curd proper- 
ties and on the general chemical characteristics 
of milk. 

The freezing of milk, cream and condensed 
milk also has received considerable attention 
from this research worker. Particularly note- 
worthy are his studies during the recent war years 
on the freezing of fluid and condensed milk to 
ascertain the most desirable procedure to pre- 
serve the normal milk flavor and to prevent un- 
desirable protein effects which normally occur 
in milk as the result of freezing. 

During recent years he became interested in 
improving the nutritional value of evaporated 
milk and conducted fundamental research on the 
ascorbic acid content of this product. His work 
revealed that fortification of evaporated milk 
with ascorbic acid is feasible and under proper 
conditions ascorbic acid may be retained in this 
product for a considerable period of time. 

This research worker also has been instrumental 
in developing and applying techniques for the 
analysis of milk and milk products. Among his 
contributions in this connection may be listed the 
colorimetric picric acid method for measuring 
lactose in milk, a modified Babcock test for de- 
termining the fat content of chocolate milk, a 
rapid drying method for determining the soUds 
content of milk products by use of forced heated 
air, studies of methods of measuring the phos- 
phatase activity in milk, and the application of a 
modified direct microscopic method for the bac- 
terial analysis of milk. 

In addition to his many personal contributions 
to dairy science, this year’s nominee has long been 
known as an outstanding teacher and counselor 
of research men. He has directed the graduate 
program for many men who now hold responsible 
positions in industry and in college work and has 
done much to stimulate their thinking along re- 
search lines. 

This year’s nominee was bom on September 20, 
1896, in Philadelphia, Pennsylvania. He received 
both his undergraduate and graduate tramiog at 
the Pennsylvanta State College. Following the 
completba of his undergraduate work he spent 


3 years as chemist with the Nestles Food Go. 
and 1 year as laboratory director for the Wad- 
dington Condensed Milk Co. He was instructor 
in dairying at the University of Maryland from 
1922 to 1925. He accepted a position on the staff 
of the Pennsylvania State College and has re- 
mained on the staff of that institution since that 
time. 

Principally because of his varied and valuable 
research in the fields of fluid and condensed milk 
during the past 27 years, but also because of his 
stimulating leadership and his training of men in 
Dairy Technology and his general contributions to 
the dairy industry the American Dairy Science 
Association Borden Award Committee for the 
Dairy Manufacturing Section has selected Francis 
Janney Doan, Professor of Dairy Manufacturing, 
the Pennsylvania State College, for the 1949 
Award. 

Mr. W. A. Wentworth of the Borden Company 
Foundation then presented Dr. Doan with a gold 
medal and a check for $1,000.00. 

BORDEN AWARD IN DAIRY PRODUCTION 

G. M. Cairns, chairman of the Borden Award 
Committee for Production then was introduced 
and made the following statement; 

The recipient of the Borden Award in Produc- 
tion for 1949, is George Herman Wise of the 
North Carolina State College, Raleigh, N. C. 
Dr. Wise was bom and reared in South Carolina. 
He received his B.S. degree from Clemson Agri- 
cultural College in 1930, and his M.S. and Ph.D. 
degrees from the University of Minnesota in 1932 
and 1936, respectively. 

Dr. Wise has held the following positions since 
graduation from Clemson; Assistant, University 
of Minnesota 1934-36; Associate Dairy Husband- 
man, Clemson Agricultural College 1936-1944; 
Associate Professor of Dairy Husbandry at Kansas 
State College 1944-1947; Associate Professor of 
Dairy Husbandry and Research Assistant at Iowa 
State College 1947-1949 and since April 1949 
Professor of Animal Industry at North Carolina 
State College, in charge of the nutrition section. 

During his student days he was characterized 
by the thoroughness of his preparation in both 
study and research work. Since completing his 
graduate study he has continued to exhibit those 
same qualities in his research activities. An im- 
portant contribution made by Dr. Wise %yas his 
series of comprehensive studies upon the physi- 
ology of gastric digestion in the calf. These in- 
clude the various factors affecting the passage 
of liquids into the rumen of the calf and the 
changes in milk products that took place when 
milk was sham-fed. IBs more recent studies in- 
clude the effect of the prqieitiim diet nf the cow 
on the vitamiu A and tocopherol content of colos* 
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trum and milk in the early post-colostrum period 
and upon the vitamin A storage in the new bom 
calf. He received the American Feed Manufac- 
turers* Association Award in 1948 for his series of 
publications on the latter work. 

Dr. Wise has published more than 25 papers in 
the nutrition and physiology fields. He has been 
active in the Association, having served as Chair- 
man of the Production Section in 1948 and is an 
Associate Editor of the JOURNAL OF DAIRY 
SCIENCE. 
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On behalf of the Committe on the Borden 
Award for Dairy Production, it is a pleasure to 
present Dr. George H. Wise to receive the Award. 

Mr. W. A. Wentworth of the Borden Founda- 
tion then presented Dr. Wise with a gold medal 
and a check for $1,000. 

AMERICAN FEED MANUFACTURERS’ 
AWARD 

R. B. Becker, acting chairman of the Award 
Committee for the American Feed Manufacturers* 
Association, then was introduced and made the 
following statement: 

Pkofessor J. G. Archibald, chairman of the 
American Dairy Science Association committee to 
determine the recipient for the Award by the 


American Feed Manufacturers Association regrets 
his inability to be present because of a conflicting 
engagement in the East, so it becomes my pleasure 
to represent Chairman Archibald on this occasion. 

Seven persons were nominated for consideration 
this year. Your committee also canvassed the 
literature in the field of dairy cattle nutrition pub- 
lished during the two-year period 1947-48, as 
required by the rules. Over 50 papers were 
found eligible, all of which were evaluated care- 
fully. The first draft reduced them to 23, and 
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the decision narrowed finally to a group of six 
outstanding papers by one author and his co- 
workers. 

These six papers have appeared in the 
JOURNAL OF DAIRY SCIENCE, one in 1947 
and five in 1948. They dealt with comparisons 
of colostrum with normal milk as sources of vi- 
tamins and amino acids in the nutrition of dairy 
calves. The important and economic desirability 
of feeding as much colostrum as possible to young 
calves was established definitely by their investi- 
gations. The value of these findings to the dairy 
industry through healthier and more vigorous 
calves is obvious. 

The worker who merited the award this year 
is widely known to nearly every member of this 
Association. He is an Ohioan by birth, scholastic 
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training and professional position. His career 
has been one of rapid promotion, from instructor 
in 1929 to head of Agricultural Biochemistry in 
1948. He has been active in our Association, and 
served as editor of the JOURNAL OF DAIRY 
SCIENCE over the period 1938 to 1946. 

By now, all of you must have recognized his 
identity. The committee is happy to present as 
candidate to the representative of the American 
Feed Manufacturers’ Association for the 1949 


Award, Dr. Thomas S. Sutton, of Ohio State 
University, Columbus, Ohio. 

Dr. Record, it gives me great pleasure to 
serve in place of Chairman Archibald in present- 
ing Dr. Thomas S. Sutton to you, as candidate 
for the 1949 Award. 

P. R. Record, vice-chairman of the Nutritional 
Council of the American Feed Manufacturers’ 
Association, then presented Dr. Sutton with a 
check for $1,000. 


NOTICE 

Those wishing a copy of the material presented form by writing to the Editorial Department, 
on the panel discussion on “The Job of Dairy Hoard’s Dairyman, Fort Atkinson, Wisconsin. 
Herd Improvement” that was held by the Pro- Tape recordings were made of the discussions and 
duction and Extension Sections at the recent the resulting material has been edited by the 
meeting of the American Dairy Science Associa- members of the panel and mimeographed through 
tion may obtain this material in mimeographed the courtesy of Hoard’s Dairyman. 
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A MODIFIED PHOSPHATASE TEST FOR CHEESE' 

F. V. KOSIKOWSKy AND A. C. DAHLBERC} 

Veparlment of Dairy Industry, Cornell University, Ithoca, N. Y, 

In a recent paper (5) the authors presented a new principle and technic for 
the elimination of interfering substances in the Kay-Graham phosphatase test on 
Cheddar cheese. Additional research indicated that the trichloracetic acid tech- 
nic could be simplified and improved further, and made into a phosphatase 
method for cheese possessing some distinct advantages over present methods. 
P\)r example, the use of sodium barbitol was found unsatisfactory for cheese, as 
the optimum pH for phenol production could not be attained. As a result, a 
sodium carbonate-bicarbonate buffer (6) was substituted with highly satisfactory 
results. Other changes included the use of small phenol extraction flasks having 
a lower chamber capaidty of 5 ml. and the combining of the trichloracetic acid 
and hydro(*hloric aci<l as the precipitating agent. A significant observation wa.s 
that the BQC color reagent could be used inter(?hangeably with, the Folin-Cio- 
caltcu color reagent in this new method. 

With these considerations in mind, a more detailed account of this modifica- 
tion as a (piantitative method is being i>resented, as 'well as the results from a 
series of experiments on Cheddar cheese showing the precision with which this 
method distinguishes raw from pasteurized milk cheeses. 

PROCEDURE 

Bcagnifu' 

J, Carbonate-bicarbonate buffer substrate. Weigh 11.5 g. C.P. sodium car- 
bonate, anhydrous; 10.15 g. C-.P. sodium bicarbonate, anhydrous; and 1.09 g. pure 
disodium x>henyl phosphate, dissolve in distilled water and make up to 1.1. The 
pH will be 9.80. When not used fresh, add 10 ml. IJ.B.P. chloroform. This buffer 
shoidd be tested after storage to assure freedom from phenol. 

Jli. Trichloracetic-hydrochloric acid precipitant per cent irichloraceiic 

acid plus 18 per cent HCl). Make 25 g. C.P. trichloracetic acid (crystal) to 50 
ml. with distilled Tvater, add 50 ml. concentrated C.P. HCl (approximately 36 

Received for publication March 9, 1949. 

1 This inveetigation was aided by a grant from the National Uheese Institute. The authors 
are indebted to Mrs. Catherine Verwoort Work and Mr. Allan Levanthal for their aid in making 
many of the chemical analyses, and to Professor W. E. Ayres for his aid in the manufacture 
of several lots of cheese. 

* Keep all reagent bottles and color standards tightly stoppered and in a cool place. 
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pep cent) and stir well. The resulting liquid is slightly yellow and can be held 
for a number of days, but fresh solution is preferable. 

3, Ether, U.S.P. grade. 

4, Sodium carbonate solution (4 per cent). Dissolve 40 g. C.P. anhydrous 
sodium carbonate in distilled water and make up to 11. It is best to make this 
solution fresh, but it may be held well-stoppered in the refrigerator for a day 
or two. 

5, Folin-Ciocalteu reagent,^ It is prepared as stock solution according to 
A.O.A.C. (1) procedure for use with milk. The stock reagent should be diluted 
with two parts of water just before using. 

6, Permanent Kay-Graham color standards and colorimeter. For produc- 
ing permanent color standards refer to A.O.A.C. (3) or to Gilereas and Davis 
(3). The color standards are the same as for milk. 

Luximeter (no. 5) can be purchased from General Electric Co., Schenectady, 
New York. 

The Method, One-half g. of a representative sample of ground cheese was 
placed in a 25 X 150 mm. test tube and mashed well with a glass rod. Following 
this, 3 ml. of warm (40° C.) carbonate-bicarbonate buffer substrate was added and 
the cheese was stirred into a paste. Then 9 ml. more of the buffer substrate and 
four drops of U.S.P. chloroform were stirred into the tube. A piece of parch- 
ment paper was fitted over the rod and tube and held in place by a rubber band. 
The tube next was incubated at 32 to 37° C. for 18 to 24 hours. After incubation, 
1 ml. of the trichloracetic-hydrochloric acid precipitant was added gently to the 
tube. The pipet may be filled by immersion rather than by suction. The re- 
sulting precipitate was filtered off through Whatman no. 42 paper (11 cm.) 

Five ml, of the clear filtrate then were pipetted into^ a small-sized Mojonni<'r 
type extraction fiask (fig. 1). Next, 15 ml. of ethyl ether at 30 to 20° C. were 
added and the flask stoppered.^ The flask then was inverted slowly ten times. 
For this purpose a special combined holder and shaker may be used (fig. 1). A 
clear ether layer extending to the neck of the flask developed after about 10 sec- 
onds of standing and was poured off into a 25 x 150 mm. test tube containing 7 
ml. of 4 per cent Na 2 C 03 solution. The ether then was boiled off, in about 4 min- 
utes by placing the tube in a beaker of hot water (150 to 160° F.) or on a steam- 
heated water bath. 

After the ether was removed completely, 2 ml. of diltited Folin-Ciocalteu 
reagent (two parts water to one part stock reagent) were added and shaken. The 
mixture was placed in boiling water for 5 minutes, cooled to room temperature 
and filtered. The colored filtrate was compared to color standards or read in a 
Luximeter. Tentatively, values greater than 0.02 mg. phenol per 0.5 g. cheese 
indicate cheese made from underpasteurized or raw milk. 

Use of 3-6-dibromoquinone-chloramide (BQC) instead of FoUn-Ciocalteu rea- 
gent, Four drops of BQC solutions can be added in place of the Polin-Ciocalteu 

3 May also be purchased from Will Corporation, Bochester, N. Y. as stock solution. 

* Extraction flasks can be purchased with either plain necks or ground glass stoppers. If 
cork stoppers aro used they should be covered with clean tin foil. 



MODIFIED PHOSPHATASE TEST FOB CHEESE 


753 


reagent with very satisfactory results. The color is allowed to develop for 15 
minutes and then compared against suitable carbonate-bicarbonate color stand- 
ards. The ability to use BQC or Folin-Ciocalteu reagent gives greater flexibility 
to the method in that it would be easy to get checks on the results by splitting the 
carbonate solution containing the phenol and adding one of these indicators to 
each portion. In addition, using BQC in this method provides some advantages 
over other methods using BQC. Apparently very little or no protein or protein 
products are present in the final carbonate solution, so there would be no inter- 
fering yellow color-producing compounds. For this same reason, butyl alcohol 
may be used for extraction without encountering an emulsion after shaking, tlius 
doing away with all centrifuging which is required at this point using other 
methods. Add 5 ml. of N-butyl alcohol, shaking the tube ten times, wait for 1 
minute, and read colors at eye level or in a colorimeter. 



Fig. ]. A-- Small phenol extraction flask. Manufactured l»y 

Will (Corporation, Roehoater, N. Y., and Mojonnier Bros. Co., Chi- 
cago, 111. Extraction flasks with ground glass necks and stop]>erB 
also obtainable from Will Corporation, Rochester, N, Y. B — Ex- 
traction flask holder (use optional). Manufactured by Mojonnier 
Bros. Co., Chicago, 111. Holder also can be made in laboratory 
using eitlier sheet metal or wood. 

Sensitivity of method with Folin-Ciocalteu and BQC reagent. Three lots of 
fresh raw milk were obtained on three different days from the Cornell University 
herd. One lot was divided into 350-lb. portions, heated to 143 or 145° F. in glass- 
lined vats and different portions held at this temperature for varying holding 
periods. Another lot of milk was divided into portions which were heated to 
various temperatures in the vicinity of 143° F., but all portions were held for 
30 minutes. A third lot of milk was pasteurized properly at 143° F. for 30 
minutes, but to separate portions were added different amounts of raw milk. The 
milks were tested by the standard laboratory Kay-Graham test and gave values 
corresponding to those expected from the heat treatment of the milk. 
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A total of 16 American Cheddar cheeses, weighing about 35 lb. each, were 
made from the above milks and were ripened at 50° P. for 6 months. These 
cheeses then were tested for phosphatase activity and sensitivity by the modified 
method using both the Polin-Ciocalteu and the BQC reagents. 

Results using the Polin-Ciocaltou reagent are presented in table 1. When the 
milk was pasteurized properly the phosphatase values on the cheeses were less 
than 0.01 mg. phenol per 0.5 g. cheese. At no time in the analyses of a large 

TABLE 1 

The sensitivity of the modified phosphatase test on cheddar cheese ripened 6 mo, at 50* C. 

(incubated £0 hr, at 35* C,) 


Phosphatase values of cheese 


Heat treatment 
of cheese milk 


(“ c 


(min.) 

145 


30 

143 


30 

143 


25 

143 


20 

143 


10 

143 


0 

143 


30 

141 


30 

139 


30 

137 


30 

143- 

30 + No Raw 

143- 

30 + 0.1% 

Raw 

143- 

30 + 0.2% 

Raw 

143- 

30 0.4% 

Raw 

143- 

30 + 0.7% 

Raw 

143- 

30 + 1.0% 

Raw 


Using the Folin-Ciocalteu 
color reagent* 

(mg, phenol/ 0.5 g, cheese) 

0.003 

0.006 

0.034 

0.033 

0.128 

0.654 

0.007 

0.107 

0.227 

0.654 

0.003 

0.032 

0.048 

0.064 

0.115 

0.183 


Using BQC color reagent* 


(y phenol/0,5 g. cheese) 

0.5 

1.0 

12.0 

14.0 

> 40.0 

> 40.0 

1.0 

> 40.0 

> 40.0 

> 40.0 

1.0 

9.0 

18.0 

> 40.0 
>40.0 
>40.0 


• A reading of 0.05 mg. phenol/0.5 g. cheese indicates a very deep blue color using the 
Folin-Ciocalteu reagent, as the units (mg.) are 1,000 times greater than the units (y) ex- 
pressed when using the BQO color reagent. 

^ 2’6-dibromoquinone-chloramide. Dissolved 50 mg. in 10 ml. of methyl or ethyl alcohol. 

number of Cheddar cheeses made from properly pasteurized milk have the phos- 
phatase values extended beyond 0.02 mg. phenol per 0.5 g. cheese. On the other 
hand, a change of from 30 to 25 minutes of holding the cheese milk at 143° P. 
produced a phosphatase value on the cheese greater than 0.02 mg. phenol per 
0.5 g. cheese. Similarly, when the temperature of heating the cheese milk was 
reduced from 143 to 141° P. and held for 30 minutes, a phosphatase value of 
0.11 mg. phenol per 0.5 g. cheese was recorded. In the case of raw milk con- 
tamination, and addition of 0.1 per cent raw milk manifested itself as a phospha- 
tase test greater than 0.03 mg. phenol per 0.5 g. cheese. 

Data showing how well results obtained on Cheddar cheeses over one year old 
compared to those obtained by the method of Sanders and Sager (7) are shown 
in table 2. 
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When BQC color reagent was used in place of the Polin-Ciocalteu color re- 
agent the sensitivity was equally as good and the value of phenol which ap- 
parently divided the cheeses made from properly pasteurized milk from those 
made from improperly pasteurized milks w^as about 5.0 y phenol per 0.5 g, cheese. 

Amount of phenol obtained from a seconds extraction. Phenol is somewhat 
soluble in water at 20® C., although in ether it is extremely soluble. Possibly 
an appreciable amount of free phenol never was extracted from the aqueous 
acid solution in one extraction. That this is not the case was verified experi- 
mentally. A number of incubated cheese-buffer substrate solutions^ after pre- 
cipitation with trichloracetic-hydrochloric acid, were extracted with two 15 ml. 
portions of ethyl ether. About 92 to 96 per cent of the free phenol was ex- 
tracted the first time. The amounts obtained from a second extraction would 
not affect materially the initial values, as they were very small and would, on 
the whole, remain fairly constant for pasteurized milk cheese. 

Effectiveness of the trichloracetic-hydrochloric acid precipitating agent, 
Cheddar cheeses ranging in age from 2 days to 11 years, as well as 14 other 
varieties of cheese of varying age, were mixed in 0.5 g. lots with 10-ml. quantities 
of carbonate-bicarbonate buffer substrate, well-emulsified, and then 1 ml. of tri- 
chloracetic-hydrochloric acid reagent was added to each tube. This precipitating 
agent would precipitate very satisfactorily cheeses of all ages and varieties 
without any further adjustment. This was shown by tlie clear filtrates which 
were produced. 

DISCUSSION 

A technic to eliminate interfering substances in the Kay-Graham phosphatase 
procedure for ripened cheese as proposed earlier by Kosijeowsky and Dahlberg 
(5) now is presented in more detail and in simplified form as a laboratory 
phosphatase method for all cheese. This method possesses advantages. It 
produces clear filtrates devoid of interfering substances which give clear blue 
colors matching standards exactly, thus providing for greater accuracy. It has 
great flexibility, as either the Polin-Ciocalteu or the BQC color reagent may 
be used simply by substituting one for the other in the last step. The sodium 
carbonate-sodium bicarbonate buffer and the trichloracetic-hydrohcloracetic acid 
precipitating agent in this method, although more study may be necessary, may 
be used for any variety of natural or process cheese or cheese product of any 
age without adjusting either the buffer or the precipitating agent to care for 
differences in the buffer capacities of the cheeses. The buffer substrate and 
cheese need not be heated after incubation to destroy the phosphatase. There- 
fore, there is less tendency to decompose the disodium phenyl phosphate. When 
using butyl alcohol for BQC color extraction purposes, one can shake the tube 
vigorously without forming a permanent emulsion. The phosphates and citrates 
in process cheese will not affect the final results when using the carbonate- 
bicarbonate buffer substrate, as shown by Kosikowsky and Dahlberg (6). Pi- 
nally, few reagents are required and a number of these, including the Polin- 
Cioealteu reagent, may be purchased as stock solutions from chemical firms. 
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Although this method no longer closely resembles that of the standard Kay- 
Oraham method for milk (4), it nevertheless possesses some of the elements and 
the basic principles. An inclusion of this test for cheese would make the Kay- 
Oraham test (4) more universally applicable. This is important, as the stand- 
ard Kay-Graham test is a proved basic test for milk and other dairy i)roducts. 
Preliminary studies also indicate this modified method will work well on chocolate 
milks and ice creams. 

The fact that an 18- to 24-hour incubation period is recommended should not 
prove to be any disadvantage for a laboratory test dealing with cheese. The 
longer incubation period would allow a more orderly and eifieient use of lab- 
oratory time, as a large number of samples could be placed in the incubator in 
the afternoon and then could be run the next morning. This idea has been sub- 
stantiated by an informal survey of men in charge of research for cheese com- 
panies and in charge of state testing laboratories. If speed is essential, an ex- 
traction method using shorter incubation periods of 1 or 4 hours at 37® C., using 
BQC color indicator, might be developed. 

Actually, using the method in its modified form docs not entail much more 
operating time than that involved in the standard Kay-Graham laboratory method 
for milk (4) nor is it more expensive. As each step can be organized to fit in 
well with the next without having to consider any time element beyond which 
the test would not function properly, a large number of samples may be run 
during the day. From the time of adding the precipitating agent after incuba- 
tion, two analysts compl'eted over 25 individual samples in 1 hour. 

When the small phenol extraction flasks are not available, equally good re- 
sults can be obtained with standard-size Mojonnier fat extraction flasks. Add 
5 ml. of filtrate to the flask and enough distilled water (25® C.) to bring to 
bottom of neck. Add 25 ml. of ethyl ether and shake ten times. Proceed there- 
after as with regular modified method. Where extraction flasks are unavailable, 
small separatory funnels may be substituted as a temporary measure. With 
these funnels 5 ml. of filtrate can be shaken ten times with 15 ml. of ethyl ether; 
the filtrate then is taken off through the bottom and the ether is poured off 
through the top. 

The results have been expressed emperically as mg. phenol per 0.5 g. of 
cheese to agree approximately with the Kay-Graham method (4). The data 
may be calculated readily to exact quantitative expression of results to agree 
with the expression used by Sanders and Sager (7). As 0.5 g. of cheese was 
diluted to 11.5 ml., from which 5 ml. of filtrate were used, the results obtained as 
mg, phenol could be multiplied by 1.15 to give quantitatively the mg. phenol per 
0.25 g. cheese. If then multiplied by 1,000, the results are in 7 phenol per 0.25 
g. cheese. 

Two factors favor greater accuracy by this modified procedure than by the 
Sanders and Sager method (7), which is the only other method applicable to 
cheese. The color in the present procedure has no interfering off-colors and 
the pH, the buffer and the longer time of incubation induce maximum enzyme 
activity. The greater sensitivity is indicated by the standard or criterion for 
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pasteurization. In the Sanders and Sager method (7) pasteurization is in- 
dicated by 3 y or less of phenol per 0.25 g. cheese. In the procedure herein 
presented using Polin’s reagent, 0.02 mg. phenol per 0.5 g. cheese or less repre- 
sents pasteurization. This is 23 y phenol per 0.25 g. cheese, or about eight times 
the quantity of phosphatase activity shown by the Sanders and Sager method (7). 
The greater sensitivity also is shown by the effect of known amounts of raw 
milk upon the results. In collaborative tests on cheese, Gilcreas (2) found it was 
difficult to detect 0.3 per cent of raw milk added to pasteurized milk using 
the Sanders-Sager method as nine of the fifteen collaborators found such cheese 
to be made from pasteurized milk. The values varied from 1 to 7 and averaged 
3.11 y phenol per 0.25 g. cheese, which is only 0.1 y above the criterion for pas- 
teurization. The modified Kay-Graham extraction method in the present study 
gave results over twice the criterion for pasteurization with only 0.2 per cent of 
raw milk. Again Gil(‘reas (2) reported data for the 15 collaborators on cheese 
made from pasteurized milk containing 1 per cent of raw milk which varied from 
4 to 11 y phenol per 0.25 g. cheese, and the average value was 2.5 times the critical 
value for pasteurization using the Sanders-Sager method. The data herein pre- 
sented for the same raw milk contamination show values in cheese of 9 times the 
critical value for pasteurization. 


PRECAUTIONS 

Precautions involved in the use of this method should be pointed out. In 
rare cases a temporary emulsion may be formed in the upper chamber of the 
extraction flask during extraction (the narrow emulsified layer which may be 
formed between the ether and aqueous layer in the neck of the flask is considered 
normal). This condition may be caused by very exetessive agitation or the use 
of too porous filter paper, causing turbid filtrates. To remove this temporary 
emulsion, place the extraction flask, with the cork loosely stoppered, under the 
hot water tap (140 to 160® F.) for 10 to 20 seconds, shake the flask briefly and 
then cool quickly under the cold water tap. 

In boiling off the ether, fire safety rules should be followed. The ether 
should be boiled off completely to make a satisfactory test. This can be seen 
easily by visual inspection or by carefully shaking the tube to detect foaming. 
In some cases the ether reagent may show a slight trace of phenol. This can be 
detected and compensated for by conducting a reagent blank test on all re- 
agents and going through all the steps in the process, including incubation. 

Although control samples on the cheese consistently have given very low 
values, control tests are advisable where it is suspected phenol may have formed 
during ripening. To do this heat the sample of cheese to 170® F. for 5 minutes 
in a test tube and cool, take 0.5 g. of the cooled sample, mix it with 10 ml. of 
carbonate-bicarbonate buffer substrate and conduct a regular test on it. 

The extraction flasks are rinsed out easily between samples with lukewarm 
tap water. These flasks need not be dry, but as the smaller extraction flasks are 
calibrated for 5 ml. there should not be too much free water in the lower chamber. 
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SUMMARY 

A phosphatase test for eheese is presented in detail with data showin(^ its 
sensitivity. This method possesses a number of advantages. It is very aecurate, 
as the final filtrates produced in this modifi<*ation were clear and devoid of in- 
terfering substances. Conditions of incubation promote maximum phosphatase 
activity. The Polin-Ciocalteu color reagent and the BQC color reagent can be 
used interchangeably wdth proper color standards. Apparently, any natural 
or process eheese or cheese product can be tested without making adjustments 
in the buffer substrate or precipitating agent. 

Jn the new method the cheese sample is incubated with a sodium carbonate- 
bicarbonate buffer substrate at pIT 9.55 for 18 to 24 hours at 32 to 37° C. This 
solution then is precipitated by a trichloracetic-hydrochloric acid reagent and 
some of the clear filtrate is placed in either a standard size or a small Mojonnier 
type extraction flask. Ethyl ether is used as the extracting agent but later is 
boiled off from an alkaline solution leaving the phenol behind. The phenol in 
this alkali solution then is determined colorimetrically by adding either the 
Polin-Ciocalteu or the BQ(' color reagent and comparing the developed blue 
colors against proper color standards^. 

The sensitivity of this method is high. Tentatively, any value above 0.02 
mg. phenol per 0.5 g. cheese, using the Polin-Ciocalteu reagent, or any value 
over 5.0 y phenol per 0.5 g. cheese, using the BQC reagent, is considered to in- 
<li(*ate cheese made from^raw milk, improperly pasteurized milk or pasteurized 
milk contaminated with raw milk. 
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APPLICATION OF A SODIUM CARBONATE-BICARBONATE BUFFER 
IN THE PHOSPHATASE TEST FOR CHEESE^ 

F. V. KOSIKOWSKY and A. C. DAHLBEBG 
Department of Dairy Industry, Cornell University, Ithaca, N, T, 

In the past a number of different buffers have been used in the buffer sub- 
strate when conducting the phosphatase test. Kay and Graham (6) have suc- 
cessfully used sodium barbitol in their test for milk, Aschaffenburg and Neave 
(1) have suggested the use of sodium carbonate, whereas Scharer (10) has used 
a borate buffer. 

As far as cheese was concerned, Caulfield and Martin (2), Lambert (8) and 
Sanders and Sager (9) all have stressed the importance of a proper buffer as the 
cheese, because of its different buffering capacity, exerts a decided effect on the 
pH of the buffer substrate. If a buffer were unable to maintain the proper pH 
for optimum phenol production low values would be obtained. Although Sanders 
and Sager (9) appear to use a very good modified borate buffer, it still is neces- 
sary in their test to make adjustments for different aged cheeses or cheeses of 
different varieties. During a recent study (7) on the elimination of interfering 
substances in the phosphatase test, it was noted that the sodium barbitol buffer 
used was affected greatly by cheeses of different age or variety and that additions 
of cheese invariably would carry the pH of the cheese-buffer substrate solution 
much lower than that recommended by earlier investigators for optimum phenol 
production by the alkaline phosphatases. As a result, it was decided to abandon 
the sodium barbitol buffer and substitute one which would maintain the pH near 
its optimum for phenol production. 

A study of several buffers pointed to a sodium carbonate-sodium bicarbonate 
combination as showing the most promise. This buffer had been studied earlier 
on the alkaline phosphatase systems by Fischer (4), Schwarz and Fischer (11), 
Horwitz (5) and Delory and King (3). Ttie latter investigators stated that the 
carbonate-bicarbonate buffer can be held for as long as 6 months over a pH range 
of from 8.8 to 10.6 at 37® C. in well-stoppered wax bottles without any demon- 
strable change in pH. As this buffer covered a region of higher pH than did the 
sodium barbitol buffer, a study was made to determine the optimum pH for 
phenol production with this buffer and also its effectiveness in maintaining the 
optimum pH in the presence of cheese. The concentration of carbonate in the 
buffer used for this experimental work was much greater than that used in the 
carbonate buffer of Delory and Kling (3) and others (4, 11). 

METHODS 

To study phenol production at varying pH values, the trichloracetic acid 
technic for the Kay-Graham test recently presented by Kosikowsky and Dahlberg 
(7) was used with the exception that the sodium carbonate-bicarbonate buffer was 

Beeeived for publication March 9, 1949. 

3 This investigation was aided by a grant from the National Cheese Institute. The authors 
are indebted to Mrs. Catherine Verwoert Work for her aid in making many of the chemical 
analyses. 
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substituted for sodium barbitol in the buffer substrate*. A series of buffer sub- 
strates was used with a wide ran|;e of pll. These differences were obtained by 
varying the relative proportion of sodium carbonate to sodium bicarbonate while 
keeping the carbonate concentration constant in each buffer substrate solution. 
One-half g. portions of a sample of Cheddar cheese were incubated for 20 hours 
at 35® C. in 10 ml. portions of the different buffer substrates. The following day 
quantitative phenol determinations were made. 

RESULTS 

Opiimxcm pH for phenol production. Data obtained using the new sodium 
carbonate-bicarbonate buffer arc shown in table 1. The optimum pll for the 

TABLE 1 

The optim'um pH for phosphatase activity on cheese and milk using the carhonaie-hicarhonatc 
buffer substrate over lH‘hour incubation at $2-35^ C. 


pll of bijfFfir sub- 
strate plus milk 


11.04 

10.32 

9.97 

9.83 

9.71 

9.64 

9.47 

9.22 

8.95 


Phenol values 


{mg. phenol/ 0.5 g. 
milk) 

0.007 
0.009 
0.035 
0.045 
0.056 
^ 0.062 
0.051 
0.042 
0.023 


pH buffer sub- 
strate plus chceF( 


10.55 

10.25 

10.05 

9.95 

9.79 

9.63 

9.47 

9.32 

9.05 

8.68 

7.93 


Phenol values 


{mg. phenol/ 0.5 g. 
cheese) 

0.005 

0.016 

0.028 

0.049 

0.073 

0.115 

o.in 

0.068 

0.062 

0.052 

0.019 


production of phenol with cheese was approximately 9.55, while the optimum 
range roughly extended from about pH 9.40 to 9.70. Optimum pH data obtained 
with a sample of milk were very similar. 

Effectiveness of the carhonatc-hicarhonate buffer in maintaining the optimum 
pH range. The carbonate-bicarbonate buffer substrate used in this portion of 
the study was the same as that which was found to produce the optimum pH. 
This solution contained 11.5 g, anhydrous sodium carbonate, 10.15 g. sodium 
bicarbonate and 1.09 g. disodium phenyl phosphate made up to 11. with water. 
This solution had a pH of 9.8 measured at 25® C. 

Cheddar cheeses ranging in age from 2 days to 11 years, as well as samples 
from 14 other varieties of cheese of varying age, were mixed in 0.5 g. lots with 
10-ml. quantities of the carbonate-bicarbonate buffer substrate. In addition, 
fluid milk and fluid milk products, using 1 ml. per 10 ml. buffer, also were tested. 
Measurement of pH at 25® C. was conducted a few minutes after mixing and 
again after incubation for 24 hours at 35® C. Data obtained are shown in table 2. 

Addition of 0.5 g. portions of cheese reduced the pll, on the average, to about 
9.55 or a drop of 0.25 pH unit. For all the cheeses tested, the pH change in the 
buffer substrate did not extend beyond the optimum pH range of 9.45 to 9.70 
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TABLE 2 

Effectiveness of carhomte-hicarhonate buffer tn eontroUing the pU of Oieenv 
and other dairy products 

(optimum pH at SS"* C, using carbonate-bioarbonate buffer =:B, 66 ±d5) 


Dairy Product Age pH Rangec 


12 Cheddar cheeses . . 1 to 132 mos. 9.40~9.68 

19 Other cheese varieties* Unknown 9.49~9.65 

Other dairy products** Fresh 9.61-9.71 


» Process Limburger, process gniyre, cream, pimento cream, Swiss, Limburger, Liederkraiitz, 
<1tantelle, Snappy club, Kaukauua club, Sharp process, Munsko, d’Oka, Edam, Blue, Romana, 
(^ottagc. 

»’Milk, Heavy cream, Chocolate milk, Bottle milk, Sour cream. Vanilla ice cream mix, 
Cliocolate ic^ cream mix. 

cAU pH measurements in this study made with Beckman pH meter, laboratory model G. 


after incubation for 24 hours at 35° C. Where milk and other fresh dairy prod- 
ucts were tested the pll ranged from 9.5 to 9.7. 

Effect of phosphates and citrates upon phosphatase activity in the presence 
of the carhonate-hicarhonate buffer substrate. Sanders and Sager (9) have 
stated that excess phosphates and citrates, as normally found in process cheese, 
may inhibit the action of phosphatases but that in the presence of a borate buffer 
this inhibiting effect does not occur. With a view towards applying the carbon- 
ate-bicarbonate buffer substrate to eventual use on process cheese, an investigation 
was made of the significance of excess citrate and phosphate emulsifying salts in 
natural Cheddar cheese. To a number of Cheddar cheeses, 3 per cent quantities 
of disodium phosphate or .sodium citrate were added and the trichloracetic a(*id 
technic, using a 20-hour incubation period, at 35° C. was conducted on the cheese. 
Table 3 shows that excess amounts of phosphates and citrates exert no effect upon 

TABLE 3 

The phosphatase values of cheddar cheese with and without added stabilizing saltSf using 
the trichloracetic technic on the Kay -Graham method with a 
sodium carbonate-bicarbonate buffer 


Phosphatase values of cheese 


Cheese 

Natural cheddar 
cheese 

no added salt 

Natural cheddar 
cheese plus 3% 
NaHjPO* 

Natural cheddar 
cheese plus 3% 
sodium citrate 



(mg, phenol/0.5 g. 

* 



cheese) 


1 

0.003 

0.009 

0.006 

2 

0.003 

0.010 

0.013 

3 

0.032 

0.038 

0.038 

4 

0.048 

0.048 

0.048 

5 

0.064 

0.083 

0.093 

6 

0.115 

0.118 

0.135 

7 

0.183 

0.131 

0.158 

8 

0.654 

0.676 

0.632 


phenol production in the presence of carbonate buffer substrate. This would 
mean that this technic could be used with process cheese. 
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DISCUSSION 

The use of a sodiimi carbonate-bicarbonate buffer in the modified trichloracetic 
acid phosphatase test for cheese appears to show promise. This buffer was used 
in greater concentration than by previous investigators. It has the advantages of 
being very inexpensive, very soluble and easily obtainable. At the concentration 
and pH at which it will be employed it is stable, according to Delory and King 
(3). This recently was verified in this 'work. In addition, this buffer is strik- 
ingly effective in maintaining optimum pTI with cheeses of wide buffer capacities 
and in its presence excess amounts of phosphate and citrate salts exert no notice- 
able effect upon phosphatase activity. This buffer shows no noticeable inhibition 
of phosphatase activity in the 18- to 24-hour test at around pll 9.6, using the 
trichloracetic technic of the Kay-Graham method. 


SUMMARY 

A sodium <*arboiiate-bicarbonatc buffer solution containing 11.50 g. sodium 
carbonate and 10.15 g. sodium bicarbonate per liter of solution has been found 
to be highly effective in maintaining optimum pIT for phosphatase activity in 
the trichloracetic acid Kay-Graham 24-hour phosphatase test for cheese. 

Optimum pll for phosphatase* activity was maintained with the single sodium 
carbonate-bicarbonate buffer upon the addition of a great variety of dairy prod- 
ucts, including very aged hard cheeses. 

The optimum pTT for phosphatase activity during incubation for 24 hours 
at 35® V. with a carbonate-bicarbonate buffer substrate was 9.55 ± 0.15. 
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THE UTILIZATION OF FETAL STORES OF VITAMIN A 
BY THE NEWBORN CALF^ 

H. D. EATON, A. A. SPIELMAN, B. E. JOHNSON and L. D. MATTEBSON 
Animal Industries Department , Storrs Agricultural Experiment Station, Storrs, Connecticut 

The liver storage of vitamin A in the newborn calf can be increased by dietary 
means (6, 10, 16, 18). Whether this increased liver storage and other fetal stores 
of vitamin A can be utilised by the neonatal calf has not been demonstrated (14, 
16). 

The purpose of this study was to determine whether the fetal storage of vita- 
min A could be utilized in the young dairy calf, as indicated by blood plasma 
levels and liver storage of vitamin A when a vitamin A-free ration is fed. 

EXPERIMENTAL 

Nine male calves from Ayrshire, Guernsey and Holstein dams born in the 
University of Connecticut herd from February to June, 1948, were used in this 
experiment. The dams of these calves received the same basal ration fed on the 
basis of livewcight for 8 weeks prior to the calculated parturition date. This 
consisted, per 100 lb. liveweight, of 1 lb. of U. S. no. 2 alfalfa hay, 3 lb. of well- 
matured corn silage and 1 lb. of grain mixture consisting largely of cereal grains 
and containing approximately 13.5 per cent crude protein. The hay, silage and 
grain contained on an average of 3.87, 1.06 and 0.15 mg. of carotene per lb., re- 
spectively, as determined by the method of Moore and Ely (9) as modified by Nel- 
son et al. (12). Six of the dams of these calves received daily 1 million U.S.P. 
units of vitamin A in the form of shark liver oil containing 25 per cent by weight 
of crude soybean lecithin® for 30 days prior to the calculated parturition date. 
This oil contained 54,440 U.S.P. units of vitamin A per gram, as assayed spectro- 
photometrically against the U.S.P. vitamin A reference standard (vitamin A ace- 
tate in cottonseed oil). 

The newborn calves were not allowed to nurse but were removed immediately 
to a separate portion of the barn. There they received 3 lb. of reconstituted skim 
milk two times daily. The skim milk fed contained no detectable carotene or 
vitamin A, as determined by the method of Boyer et aL (1). 

Venous blood samples were drawn from the jugular vein each day between 
7 and 8 a.m., citrated, cooled to 4° C., and centrifuged ; the carotene and the vita- 
min A contents of the plasma were determined immediately. On the tenth morn- 
ing, the calves were slaughtered. The entire liver was removed and cooled at 
4® C. The whole liver was macerated in a Waring blendor and analyses run on 
aliquot samples within 48 hours. In several cases the livers were frozen and held 
at - 18® C. for a period not exceeding 2 weeks until analyses could be made. 

Beceived for publication March 31, 1949. 

J This work was supported in part by the Big Y Foundation, Norwich, Conn., and Chas. M. 
Cox Co., Boston, Mass. 

* This oil gonoronsly was supplied by Melvin Hochberg of the Nopco Chemical Co., Harrison 
N. J. 
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The carotene and vitamin A contents of the plasma were determined by the 
method of Kimble (8) and that of the liver by the method of Davies (2). Both 
determinations were made with an Evelyn photoelectric macrocolorimeter which 
had been standardized previously with crystalline /J-carotene in petroleum ether 
(b.p. 30-60° C.) and crystalline vitamin A alcohol in chloroform. 

The data were treated statistically by analysis of variance essentially as out- 
lined by Snedecor (15). 

RESULTS 

Data on the carotene and vitamin A content of plasma for individual calves 
are given in table 1. The carotene content of the plasma of calves from dams rv- 

TABLE 1 

The effect of prepartum impplementation of vitamin A on blood plasma levels of carotene ami 
vitamin A in newborn calves fed reconstituted shim milk 


Calf no. 

Birth 







— 

- 

. - — 



2 

3 

4 

5 

6 

7 

8 

9 

10 





(y carotene/ 100 mU) 





Basal dams 











1 

3 

2 

2 

2 

1 

0 

0 

2 

2 

1 

2 

2 

1 

2 

6 

1 

2 

2 

2 

2 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

3 

3 

X 

2.7 

2.0 

2.0 

3.3 

1.3 

1.3 

3.3 

2.0 

2.3 

2.3 

Basal + vitamin A dams 










4 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

5 

1 

0 

0 

0 

1 

1 

0 

1 

1 

1 

6 

1 

2 

0 

0 

0 

0 

1 

1 

1 

1 

7 

1 

1 

1 

1 

0 

1 

1 

1 

2 

1 

8 

2 

2 

1 

2 

2 

2 

2 

2 

2 

1 

9 

3 

2 

2 

1 

1 

1 

1 

1 

0 

2 

X 

1.5 

1.2 

0.7 

0.7 

0.8 

1.0 

0.8 

1,2 

1.0 

1.0 





(y vitamin A/ 100 ml.) 





Basal dams 











1 

4.9 

3.8 

5.3 

2.4 

4.9 

1.8 

1.4 

1.4 

3.3 

1.4 

2 

4.4 

8.2 

1.4 

2.5 

3.4 

2.1 

4.4 

4.3 

3.8 

2.6 

3 

4.2 

3.0 

0.8 

1.7 

0.5 

0.8 

0.8 

0.6 

0.5 

0.8 

X 

4.50 

5.00 

2.50 

2.20 

2.27 

1.57 

2.20 

2.10 

3.87 

1.60 

Basal + vitamin A dams 










4 

5.2 

6.8 

9.7 

9.2 

9.9 

11.1 

6.2 

8.8 

7.0 

7.0 

5 

7.0 

5.7 

8.8 

8.8 

8.3 

9.0 

5.3 

7.8 

6.5 

7.5 

6 

13.5 

9.2 

8.3 

7.5 

9.9 

12.3 

12.8 

13.5 

14.6 

12.6 

7 

9.9 

11.3 

10,2 

9.6 

11.6 

33.8 

34.3 

6.2 

17.3 

17.0 

8 

11.1 

10.1 

9.6 

6.0 

6.0 

11.1 

7.7 

4.8 

6.6 

2.3 

9 

6.0 

10.7 

7.1 

11.3 

9.0 

7.5 

9.8 

6.6 

6.2 

5.7 

X 

8.78 

8.97 

8.95 

8.73 

9.12 

10.80 

9.35 

7.95 

9.70 

8.68 


eeiving the vitamin A supplement tended to be lower (P < 0.05) than of the 
calves from basal dams. However, the vitamin A levels in the plasma of calves 
from dams receiving the basal ration plus vitamin A were significantly higher 
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(P < 0.001) than those of the calves from dams receiving the basal ration alone. 
The plasma vitamin A was significantly higher (P < 0.01) on each individual day 
except at 2 and 10 days of age in the calves from dams receiving vitamin A. 

The carotene and vitamin A storage in the liver at 10 days of age is shown in 
table 2. The liver storage of carotene and vitamin A in calves from dams fed 


TABLE 2 

The effect of prepartum mpplementation of vitamin A on the liver storage of carotene anA 
vitamin A at 10 dags of age in calves fed reconstituted skim milk 


Calf 


Carotene 

Vitamin A 

no. 

y/g- 

Total Y 

y/8- 

Total Y 

1 

0.24 

Basal dams 

148 

0.29 

178 

2 

0.50 

.301 

0.21 

1,52 

3 

0.71 

432 

0.15 

91 


— 

— 

■ ■■■" 

— - 

X 

0.483 

313.7 

0.217 

140.3 

4 

0.20 

Basal + vitamin A dams 

114 

1.28 

727 

5 

0.14 

83 

1.00 

593 

6 

7 

O.IC 

98 

7.80 

4789 

8 

0.44 

314 

2.45 

1747 

9 

0.55 

459 

5.19 

4334 


■ " - 

— 

— 


X 

0.298 

213.0 

3.544 

2438.0 


supplementary vitamin A paralleled the blood plasma levels; that is, the liver 
storage of carotene was reduced and that of vitamin A was increased as compared 
with calves from dams on the basal ration alone. The difference in vitamin A 
was statistically significant (P < 0.005), but the difference in carotene was not. 

DISCUSSION 

These data indicate that the vitamin A stored by the fetus can be utilized by 
the young calf and should be considered in the nutrition of the young calf in 
addition to colostrum. 

Previous work (4, 17) has shown that the feeding of supplementary vitamin 
A during the prepartum period has raised the levels of vitamin A in the plasma 
during the neonatal period in both calves and lambs. One source of this vitamin 
A is believed to be fetal storage. This emphasizes the importance in calf studies 
of evaluating critically the nutritional history of the dam. 

Other workers have reported the apparent depression of the carotene level 
when supplementary vitamin A is fed. Wise et al (19) recently have reviewed 
this decrease in respect to the lactating cow, and other workers (3, 11) have re- 
ported a similar finding when vitamin A is fed directly to the calf. This experi- 
ment corroborates the finding of Esh et al. (5) that intrauterine nutritional in- 
fluences seemed to depress the plasma carotene. 
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The possibility that reconstituted skim milk may stimulate the mobilization 
of storage depots of vitamin A should not be overlooked. Several reports (3, 7) 
of such an effect can be found in the literature. It would seem desirable, there- 
fore, to eliminate this factor by feeding a whole milk with a uniform, relatively 
low content of vitamin A. Preliminary work (13) has indicated that fetal stor- 
age of vitamin A contributes to the higher blood plasma levels in young calves, 
especially after 2 weeks of age, when a standardized colostrum and whole milk 
is fed. 

summary 

One million U.S.P. units of vitamin A were fed daily to the dam for 30 days 
prior to the calculated parturition date and the effect of this supplement on blood 
plasma levels and liver storage of carotene and vitamin A was measured in six 
young male dairy calves fed only reconstituted skim milk. Parallel measure- 
ments were made on three control calves. These data indicate that the fetal 
storage of vitamin A (*an be utilized by the newborn calf. This is shown by the 
decrease in blood plasma levels of carotene, the increase in blood plasma levels 
of vitamin A, and the greater liver storage of vitamin A at 10 days of age of 
calves from dams fed supplementary vitamin A. 
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THE EFFECT OF ADDED AMINO ACIDS ON THE FLAVOR OF 
CHEDDAR CHEESE MADE FROM PASTEURIZED MILK^ 

B. J. BAKEB AND F. E. NELSON 

Dairy Industry Section, Iowa Agricultural Experiment Station, Ames 

The protein in cheese curd has been shown to undergo a series of chemical 
changes during the ripening x^rocess, until amino acids and ammonia are present 
in some quantities, in addition to the more complicated degradation products. 
Whether certain protein decomposition products, materials produced by action 
upon butterfat or products resulting from changes in other components of the 
cheese curd are responsible for the characteristic Cheddar flavor has not been es- 
tablished satisfactorily, partly because of the complexity of the system in which 
the changes are occurring. 

Davies et al. (2) added, at the time of salting, various chemical compounds 
which might aflect the growth and metabolism of bacteria or the activity of rennet 
enzymes. Cystine was added in concentrations of 0.01 and 0.02 per cent, but it 
had no significant effect on the rate of ripening, even though the flavor score of 
the cheese made with cystine was slightly higher than that of the control cheese. 
No differences were noted in the amounts of the various nitrogen fractions. After 
the present investigation had been completed. Harper and Swanson (4) indicated 
that mixtures of amino acids may contribute to the flavor of Cheddar cheese. 

The purpose of the pi^esent study was to test the possibility that the addition 
of various amino acids to cheese curd made from pasteurized milk might con- 
tribute to production of the typical flavor and aroma characteristic of a fine raw- 
milk Cheddar cheese ripened proi)erly, either directly or as substrata upon which 
microorganisms or enzymes might act, 

METHODS 

Manufacture of Cheddar cheese. The milk used in all cheese was mixed herd 
milk with a fat content varying from 3.1 to 3.8 per cent. It was pasteurized at 
143® F. for 30 minutes in a spray-vat pasteurizer. For lots 1 through 8, 170 lb. 
of milk were used and for lots 9 through 12, 125 lb. of milk were used. In all lots 
the method of manufacture was essentially that of Wilson (7), with the modifica- 
tion that after the curd was salted, it was weighed into separate 2.5-lb. quantities. 
Lots 1 through 8 required six separate quantities from each quantity of curd, 
while lots 9 through 12 required five quantities. The amino acid-salt mixture de- 
scribed later then was incorporated into the 2.5-lb. quantities of curd and allowed 
to dissolve for approximately 10 minutes before the curd w^as placed in small 
wooden hoops. The hoops were used to produce a cheese 5 inches in diameter and 
2.5 inches thick, weighing approximately 2.5 lb. The pressure was applied slowly 
in the press to minimize the amount of whey expressed from the cheese until the 

Beeeived for publication April 1, 1949. 

1 Journal paper no. J1628 of tbe Iowa AgrieiilturHl Experiment Station, Ames. Project 
no. 652, 


769 



770 


R. J. BAKER AND P. E. NELSON 


amino acids had been in contact with the curd for some time. The cheeses were 
ripened at 60° F. 

After curing for 3 days, samples of cheese were obtained and determinations 
were made of the fat, moisture and total chlorides. The various cheeses were suf- 
ficiently similar in composition, both within a lot made at one time with different 
amino acids and between the various lots within a series, that differences in flavor 
could not be attributed to variations in gross composition. Therefore, the data 
on composition are not presented. 

Organoleptic examination. Lots 1 through 8 were examined every 4 weeks for 
a period of 24 weeks. Lots 9 through 12 were examined at 2-week intervals for a 
period of 12 weeks, and again at the age of 24 weeks. The cheeses in each lot were 
compared with the control to determine any difference in flavor characteristics, 
as the emphasis was upon possible increase in characteristic Cheddar flavor, rather 
than on a score based upon commercial scoring practices. Bach lot was ranked 
from 1 to 6 or 1 to 5, as determined by the number of cheeses in the lot, with 1 
being the most desirable cheese and 6 or 5 being the least desirable. In case no 
differences were noted between certain cheeses in a lot, an average of the rankings 
covered by the undifferentiated cheeses was assigned to each of the cheeses thus 
grouped. 

Preparation of amino acids. For this study DL-alanine, L-arginine, DL-aspar- 
tic acid, L-cystine, DL-glutamic acid, glycine, L-histidine, L-hydroxyproline, DL- 
isoleucine, DL-leucine, L-lysine, DL-methionine, DL-phenylalanine, L-proline, 
DL-serine, DL-threonine, L-tryptophan, L-tyrosine and DL-valine were used. Tn 
lots 1 through 8, 0.5 g. (0.04 per cent of the weight of the cheese curd) of the pure 
amino acid was weighed out and combined with 5 g. of cheese salt, the resulting 
mixture being added to 2.5 lb. of curd. This mixture was ground thoroughly 
in a mortar and pestle, to obtain a finely divided material. The amino acids 
chosen for lots 9 through 12 were those which had given what was apparently the 
most desirable cheese in previous trials and included glycine, methionine, tyrosine, 
serine, glutamic acid, arginine, aspartic acid and valine. These eight amino acids 
were added to separate cheese in amounts of 0.5 g. (0.04 per cent) and 1.5 g. (0.13 
per cent). In each case the amino acid was ground with 5 g. of salt. 

The amount of amino acid originally chosen, 0.5 g., was based on the assump- 
tion that it was a large enough amount to produce any probable beneficial effects, 
as it would represent the freeing of a considerable fraction of the acid in question 
from the proteins. In lots 9 through 12, the use of 1.6 g. of each amino acid 
chosen was to determine if the larger amount would have any effect upon the 
flavor produced or upon the rate of bacterial growth. 

Microhiological examination. Microbiological examination of the cheese in 
lots 9 through 12 was thought advisable to determine any correlation between the 
bacterial counts and the flavor of the cheese, or any effect of the amino acids upon 
bacterial development. The sampling and plating procedures were those proposed 
by the American Public Health Association (1). Tomato juice agar (5) was the 
plating medium, and the plates were incubated at room temperature for 5 days. 
Typical colonies were picked from the plates and examined for morphological 
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TABLE 1 

Hanks according to flavor within lots of cheese in which 0.5 g, of amino acid had been 

incorporated at salting 

Bank at 


T i. Amino acids 

u«ed 

4 

wk. 

8 

wk. 

12 

wk. 

IG 

wk. 

20 

wk. 

24 

wk. 

Total 

rank 

(Control . 

G 

First 

G 

series 

a 

4.5 

G 

6 

34.5 

Valine 

4 

4.5 

4 

4.5 

4 

4 

25 

Ijeuciiie 

3 

4.5 

5 

4.5 

5 

5 

27 

1 Glutamic acid 


o 

2 

1 

3 

3 

13 

Serine 

1 

1 

2 

2 

1 

1 

8 

Arginine 

5 

3 

O 

4.5 

2 

2 

18.5 

(’ontrol 

r> 

3 

5 

1 

2 

2 

18 

Aspartic acid 


o 

3.5 

3 

2 

2 

15.5 

Proline 

1 

5 

1 

5 

4 

4 

20 

2 Phenylalanine 

o 

4 

3.5 

3 

5 

5 

22.5 

Tyrosine 

4 

1 

2 

3 

2 

2 

14 

Histidine 

6 

G 

C 

G 

6 

G 

36 

Control 

3.3 

5 

5 

5 

5 

4 

27.5 

Threonine 

3,5 

3.5 

3 

4 

4 

4 

22 

Methionine 

3.5 

1.5 

1.5 

(1 

2 

1 

11.5 

3 Lysine 

3.5 

G 

1.5 

o 

2 

4 

10 

TryptO|ihan 

3.5 

3.5 

4 

6 

G 

4 

27 

Isoleucine 

3.5 

1.5 

G 


2 

4 

10 

Control 


4 

G 

5 

G 

3.5 

27.5 

Alanine 

' G 

4 

3.5 

2 

4 

3.5 

23 

4 Glycine 

3 

4 

1 

1 

1 

1 

11 

Ilydroxyproline 

Cystine 

3 

G 

3.5 

() 

5 

3.5 

27 

5 

o 

3.5 

3 

2 

G 

21.5 

Control 

4 

Second 

5 

series 

G 

A 

4.5 

3.5 

27 

Valine 

0 

2 

2 

1 

2 

1 

10 

T) Aspartic acid 

3 

2 

1 

3 

4.5 

3.5 

17 

Threonine 

1 

2 

3 

G * 

4.5 

3.5 

20 

Alanine 

5 

4 

5 

5 

4.5 

G 

29.5 

Control 

4 

5 

G 

G 

4.5 

4.5 

30 

Leucine 

5 

1 

4 

5 

4.5 

4.5 

24 

Proline 

1 

G 

5 

3 

4.5 

4.5 

24 

6 Methionine 

2 

3.5 

1 

2 

2 

2 

12.5 

Glycine 

3 

3.5 

2 

1 

1 

1 

11.5 

Isoleucine 

G 

2 

3 

4 

4.5 

4.5 

24 

Control 

5 

5 

5 

5 

4 

4 

28 

Cystine 

1 

3 

3 

2.5 

2 

2 

13.5 

Tyrosine 

3 

2 

1 

2.5 

» 

2 

12.5 

7 Glutamic acid 

3 

1 

2 

2.5 

2 

o 

12.5 

Histidine . . 

G 

G 

G 

G 

6 

6 

36 

Lysine . .. . 

3 

4 

4 

2.5 

5 

5 

23.5 

Control 

4 

2 

4 

5 

6 

5 

26 

Arginine . 

4 

G 

3 

1.5 

1 

2 

17.5 

Phenylalanine 

4 

5 

6 

6 

5 

6 

32 

8 Hydrojyproline 

1 

4 

5 

4 

4 

3 

21 

Tryptophan 

Serine 

4 

3 

2 

3 

3 

4 

19 

4 

1 

1 

1.5 

2 

1 

10 5 
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uharaiiteristies. For the direct microscopic count, a 0,01 ml. sample was pipetted 
directly from the 1 : 10 dilution, spread in a film over an area of 1 cm.®, dried, 
treated with xylol and stained with the Newman-Lampert stain. 


RESULTS 

The data from the first two series of cheese, in which 0.5 g. of amino acid was 
added to 2.5 lb. of curd at the time of salting, are presented in table 1. The only 
difference between the two series is the association within lots within the series. 
Since the differences in flavor between the cheeses in one lot commonly were small, 
the error of ranking undoubtedly is considerable. 

Histidine consistent!!' contributed a very objectionable and characteristic 
flavor and was placed last in each comparison. An aqueous solution of histidine 
had this same characteristic flavor, indicating that the amino acid as such im- 
parted the undesirable flavor to the cheese. Cheese to which other amino acids 
had been added showed a slight tendency in some cases or no tendency in other 
eases toward improvement over the controls. On the basis of these results, eight 
amino acids which showed some possibility of affecting the flavor favorably were 
chosen for further trials in a third series. 


TABLE 2 


Banks according to flavor within lots of cheese in which 0.5 g. and 1.5 g. amino 
add had been incorporated at salting 


Lot 


Amino acids 
used 


Rank at 

2 4 6 8 10 12 24 

wk. wk. wk. wk. wk. wk. wk. 


Total 

rank 


Third series 



Glycine , . . 

(«•) 

0.5 

3.5 

2 


Glycine 

1.5 

5 

2 

9 

Control 


3.5 

2 


Methionine ... . 

0.5 

1 

4.5 


Methionine 

1.5 

2 

4.5 


Tyrosine . 

0.5 

1.5 

1 


Tyrosine 

1.5 

5 

3.5 

10 

Control 


3.5 

3.5 


Serine 

0.6 

3.5 

3.5 


Serine 

1.5 

1.5 

3.5 


Glutamic acid . . 

0.5 

2.5 

3 


Glutamic acid 

1.6 

5 

3 

11 

Control .... 


2.5 

3 


Arginine 

0.6 

2.5 

3 


Arginine 

1.6 

2.5 

3 


Aspartic acid . 

0.5 

4.5 

3 


• Aspartic acid 

1.5 

2 

3 

12 

Control 


2 

3 


Valine 

6.5 

2 

3 


Valine 

1.5 

4.5 

3 


3 

3 

3 

3.5 

3 

21 

3 

3 

3 

3.5 

3 

22.5 

'3 

3 

3 

3.5 

3 

21 

3 

3 

3 

3.5 

3 

21 

3 

3 

3 

1 

3 

19.5 

3 

3 

3.5 

5 

3 

20 

3 

3 

3.5 

3 

3 

24 

3 

3 

5 

3 

3 

24 

3 

3 

2 

3 

3 

21 

3 

3 

1 

i 

3 

16 

3 

3 

5 

3 

3 

22.5 

3 

3 

3 

3 

3 

23 

3 

3 

3 

3 

3 

20.5 

3 

3 

3 

3 

3 

20.5 

3 

3 

1 

3 

3 

18.5 

3 

3 

1 

3 

2.5 

20 

3 

3 

4.5 

3 

5 

23.5 

3 

3 

4.5 

3 

2.5 

21 

3 

3 

2.5 

3 

2.5 

19 

3 

3 

2.6 

3 

2.5 

21.5 


The data on the rankings of the third series of cheese are presented in table 2. 
This series consisted of cheese made with 0.5 g. and 1.5 g. amn in acid per 2.5 Ib. 
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of curd. There was no appreciable difference in the level of flavor development, 
as indicated by the total ranks for the 24-week curing period. Serine added at 
the rate of 1.5 g. per 2.5 lb. of curd showed a possibility of some desirable effect 
at the 12-week ranking, but no difference was noted at the 24-week ranking. 
Data for the other additions were too inconsistent to indicate any potential de- 
sirable effect of these compounds upon flavor production in Cheddar cheese. 

Little effect of the added amino acids upon the microbial population could be 
demonstrated. Generally the types varied as would be anticipated for normal 
cheese, with the greatest number of lactic acid streptococci present early in th(* 
curing period, followed by a brief period when yeasts were evident and this in 
turn usually followed by an increase in the numbers of gram-positive non-sporu- 
lating, long and short rods. The gram-positive rods varied from a negligible num- 
ber in the case of the use of 1.5 g. of methionine to the predominant type during 
the latter part of the ripening period of those cheese made with added serine, but 
the results seemed to be conditioned more by the lot of milk used than by the 
added amino acid. 

DISCTTSSION 

The addition of individual amino acids to cheese curd made from pasteurized 
milk appeared to have little consistent effect upon the flavor of the resultant 
Cheddar cheese. One exception is that the addition of histidine resulted in a 
very definitely undesirable flavor defect, and another exception is the possible 
slight beneficial influence of serin<*. Other amino acids either gave no improve- 
ment or results which 'A’ere so inconsi.stent as to prevent the drawing of definite 
conclusions that the flavor was improved as a result of their addition. These re- 
sults are in accord with previous reports, such as those of Van Slyke ei al. (6) 
and Freeman and Dahle (3), that additional proteolysis, particularly that result- 
ing from the use of quantities of rennet greater than normally employed, did not 
result in additional or accelerated flavor development. However, these earlier 
studies did not determine definitely that breakdown to amino acids was involved. 

Serine possibly increased the numbers of lactobacilli present in the cheese; 
this is of interest because the cheese to which 1.5 g. of serine had been added was 
the only one of series 3 which showed possibly significant evidence of improved 
flavor. The relatively small numbers of gram-positive rods in other lots of the 
third series of cheese, both among the control cheese and those cheese to which 
amino acids were added may have been a factor in the lack of flavor development. 

Although a known amount of each amino acid was added to the curd, no 
studies of the amounts of amino acids retained in the cheese were made, and the 
data should be interpreted with that limitation in mind. The varying solubilities 
of different amino acids may have affected the amount of each which was re- 
tained in the cheese, although the lots in which increased amounts were used with- 
out difference in effect would indicate that variations in retention are not an 
important factor. 

Another factor which should be considered is that, although the addition of 
most amino acids to Cheddar cheese made from pasteurized milk failed to pro- 
duce consistent improvement in flavor, the use of amino acids in cheese made from 
raw milk might produce different results because of the different bacteria and 
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enzyme systems which presumably are factors in the ripening of such cheese. 
Possibly some of the inconsistencies noted in the present study could be attributed 
to differences in the bacterial flora of the various lots of cheese. The testing of 
some of the potentially favorable amino acids by addition to cheese containing 
selected strains of bacteria might offer some interesting possibilities. 

The preliminary'^ report of Harper and Swanson (4), which appeared after 
the present study had been completed, indicates that amino acid mixtures may 
have a greater favorable influence on flavor development in Cheddar cheese than 
do the various amino acids added singly. This is an aspect of the problem which 
was not explored in the present investigations. 

SUMMARY AND CONCLUSIONS 

Nineteen of the amino acids normally present in casein were added in 0.5 g. 
quantities to 2.5 lb. of curd made from pasteurized milk, as a possible means of 
improving the flavor of the resulting cheese, either directly or as substrata for 
enzyme or microbial activity. 

Histidine contributed a definitely undesirable flavor. Addition of the other 
amino acids resulted in cheeses indistinguishable from the controls in most cases 
and slightly but inconsistently better in a few (!ases. The eight amino acids which 
the first two series indicated might possibly contribute something to the flavor 
were used in 0.5 g. and 1.5 g. amounts per 2.5 lb. of curd in a third series of 
cheese to determine any effect of the increased amino acid content upon the typical 
flavor of Cheddar cheese. These eight amino acids had little or no effect on the 
flavor ranking and bacterial development except that serine possibly had a 
favorable effect on both flavor and bacteria. 

The addition of amino acids to Cheddar cheese made from pasteurized milk 
had no consistent desirable effects upon flavor development under the conditions 
of this study. 

The assistance of F. J. Babel in judging a number of the lots of cheese is 
acknowledged. 
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THE PHYSICAL PROPERTIES OF EVAPORATED MILK WITH 
RESPECT TO SURFACE TENSION, GRAIN FORMATION 
AND COLOR 

VICTOR NKL80N 

Central Research Department, Food Machinery and Chemical Coriwraiion, 

San Jose, California 

The storilizatioji j)r()t!Osses used in the manufacture of evaporat(»d milk are 
desifrned not only for sterility but for those physical characteristics which improve 
the quality of the milk. As a rule, most manufacturers of evaporated milk prade 
the sterilized milk in terms of viscosity, j^rain and color; the relative importance 
assigned to these properties varies, depending on the point of view of the manu- 
facturer. 

In the quest for improved sterilization processes, the lack of organization of 
processing data has been an impediment to a comprehensive understanding of the 
i.terilization process. A knowledge of the relationship existing between the color, 
viscosity, grain formation and surface tension for processes in general would assist 
greatly in predicting the effects of contemplated changes in processing. 

Considerable attention has been given to the problems arising in the steriliza- 
;ion of milk. Bell ef al. (1) found that high temperature-short time sterilized 
(‘vaporated milk thickened on storage, but if the milk was filled into cans after the 
high temperature-short time sterilization process and the color increased by fur- 
ther heating, the gelation tendency was reduced greatly, if not eliminated. Holm 
et al. (3) determined the relationship between the cooking time and the tempera- 
ture necessarj^ for coagulation. Later, the logarithmic nature of the heat coagula- 
tion was noted by Webb and Holm (5) in test tube experiments. While many of 
the phenomena associated with the processing of evaporated milk are recorded 
in the literature, little if any attention has been given to the character of the heat 
coagulation or its relationship to color, viscosity and surface tension. 

The purpose of this paper is to examine the results obtained in various sterili- 
zation processes wdth reference to grain formation, surface tension, viscosity and 
color and to show the relationship of these measurements to one another. 

METHODS AND APPARATUS 

The apparatus consisted of a thermostatically controlled oil bath, 7^ mm. 
X 10 mm. test tubes, a wire tray for holding the tubes, a cold water bath for cool- 
ing the tubes quickly after heating, a Beckman spectrophotometer for reflectance 
measurements, a Du Noiiy tensiometer, a Mojonnier-Doolittle Universal viscosi- 
meter, a pilot sterilizer and a Brown recording potentiometer. 

The method adopted for the analysis of sterilization processes is based on a 
comparison of the effects of time and temperature on standard evaporated milk in 
test tube experiments with the effects of time and temperature on similar milk 
processed in commercial or like equipment. 

Beceived for publication April 4, 1949. 
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EXPERIMENTAL PROCEDURE 

A 50-lb. lot of raw milk was heated in a jacketed hot well to 203° F. and held 
at this temperature for 10 minutes. The time required for the milk to reach 
203° F. was 10 to 12 minutes. Following this hot well treatment, the milk was 
drawn into a pilot evaporator where evaporation of water from the milk was con- 
ducted under vacuum at a temperature of 125° F. The average time for the 
evaporation of a 50-lb. lot of milk was 15 minutes. After evaporation, the milk 
was heated to 140° F. and homogenized at 2,500 lb. per square inch. Since more 
water was evaporated from the milk than is required for standard milk, it was 
standardized to 7.9 per cent fat and 26.6 per cent total solids by the addition of 
water. Finally, 2 ml. of this milk were inserted carefully into the small test tubes 
with a hypodermic needle. The tubes were sealed over a small flame, the hot tip 
of each tube being drawn into a loop so that the tubes could be suspended on a 
wire and placed in a tray. 

Four lots of samples, each consisting of ten prepared tubes of milk at room 
temperature, were processed in the oil bath at the temperatures given in table 1. 
After processing, tubes were withdrawn at predetermined intervals, cooled in the 
water bath, dried, numbered and later the contents were analyzed for color and 
surface tension. 

The relative color change was recorded in terms of the reflective index as used 
by Nelson (4) . Surface tension determinations were made on the Du Noiiy tensi- 
ometer after standardizing the instrument with weights, but the value in dynes 
per centimeter is relative, since the minor adjustments and corrections were not 
observed in the manipulation of the instrument. The essential part of these data 
is given in table 1. 

TABLE 1 

The effect of time and temperature on the color and surface tension of evaporated milk heated 

in small sealed test tubes 




233.5® F. 


“T 


244.5® F 


Sample 

Time 

Befieetance 
520 mjii 

Surface 

tension^ 

Sample 

Time 

Befieetance 
520 mp, 

Surface 

tension 


(win.) 

(%) 

(dynes /cm.) 


(min,) 

(%) 

(dynes/cm,) 

1 

40 

55.3 

54.7 

1 

28 

50.0 

54.1 

2 

45 

52.8 

56.9 

•2 

31 

47.8 

56.0 

•3 

50 

50.0 

57.6 

3 

34 

‘ 45.5 

66.0 

4 

55 

47.5 

57.7 

4 

37 

43.5 

56.0 


250.6® F. 267® F. 


1 

20 

50.3 

54.5 

1 

13 

54.9 

52.3 

•2 

22 

47.3 

56.0 

•2 

16 

48.8 

55.4 

3 

24 

44.5 

56.0 

3 

18 

^5 8 

55.4 

4 

26 

42.0 

56.9 

4 

20 

43.3 

55.8 


• Curve 1, fig. 1 construeted from these data after correction for temperature lag. 
^Surface tension of unsterilized milk was 60.3 dynei/em. at 75* F. Befieetance of un- 
sterilized evaporated milk at 520 m|i was 80.3%. 


Preparation of a surface tension curve. A preliminary curve representing 
points of equivalent surface tensions with respect to temperature and time was 
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drawn from the data given in table 1. For greater accuracy, it was thought desir- 
able to evaluate the time required for the tubes of milk to approach within 1° P. 
of the bath temperature. The method used was essentially that of Bigelow et aL 
(2). Thermocouples were inserted into milk at 75® F. contained in the small 
tubes described previously and these tubes were immersed in a constant tempera- 
ture oil bath maintained at 200° P. The average fime-temperature data obtained 
plotted as a straight line on semi-log paper and it was assumed that this relation- 
ship continued within the limits of the processing temperatures studied. The 
slope of this line was expressed as the number of minutes required to cross one log 
cycle, in this case 1.8 minutes. This slope was used for the four processes studied. 

The time calculated for the milk in the tubes to reach the desired bath tempera- 
ture varied from 8 minutes to attain the bath temperature of 233° P. to 3.5 min- 
utes to attain the bath temperature of 256° F. This lag time was almost entirely 
without effect on the milk, since approximately 2.5 to 3.0 minutes were required 
to attain 200° P. and temperatures below 200° P. have relatively little effect on 
milk when compared with temperatures above 200° F. Because the time of proc- 
essing was relatively long, there was little object in converting the 0.5 minute 
period above 200° F. into effective time at bath temperature. Ther(‘fore, a lag 
time of approximately 3 minutes was subtracted from the observed time given in 
table 1 and the preliminary curve based on the observed time of table 1 was re- 
filaced by curve 1, figure 1. This latter curve has a somewhat greater slope than 
the preliminary curve. 

It was observed that the surface tension of evaporated milk, taken after heat 
processing, increased generally as the apparent viscosity increased. This increa.se 
in surface tension is in conformity with the well-known effect of proteins on the 
surface tension of a liquid ; that is, a reduction in protein activity at a surface in- 
creases the surface tension. Therefore, in the preparation of a curve representing 
surface tension at the temperatures and time of processing given, for example, in 
tabic 1, the surface tension provides an indirect means of estimating the probable 
true extent of heat coagulation with greater precision than by judging from the 
amount of grain formation. 

It was not found convenient to control the room temperature at the time of 
analysis ; therefore, the surface tension values chosen for equivalence were taken 
at the time of abrupt change in the rate of rise, which generally was near the 
maximum value attainable. In general, most of the rise in surface tension oc- 
curred during the final third of the processing period. This period of increasing 
surface tension was marked by an initial rapid rise, then a period of little change 
and finally by a small further rise to a maximum value. 

Preparation of evaporated milk samples. The pilot sterilizer used in obtain- 
ing the data on coagulation and color of milk sterilized in cans was designed so 
that the processed milk obtained would be comparable to evaporated milk obtained 
from a commercial Anderson-Barngrover sterilizer when similar processes were 
used. The pilot sterilizer used is a single-unit, cylindrical cooker, approximately 
20 inches in length and 30 inches in diameter, in which a nine pocket reel is in- 
stalled. An entrance valve is located on top, so that cans may be entered in a 
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manner similar to that in a commercial A-B sterilizer. A flexible metal belt is 
installed under the reel so that the cans may be given additional rolling to approxi- 
mate more closely the conditions in the A-B sterilizer. Removal of a plate on the 
side of the sterilizer gave access to the cans after processing. 



Fig. 1. The relationship between time and temperature of heating as it affects grain, 
surface tension and color of heat processed evaporated milk. 

Curve 1. Represents points of equal color and surface tension as determined in test tube 
trials. Curves 2, 3 and 4 represent equivalent grain points in processed evaporated milk for 
raw milk forewarmed as follows: For 2'milk forewarmed to 210® F., held 10 minutes, followed 
by heating to 250® F. for 10 seconds; for 3 milk forewarmed to 210® F. and held 10 minutes; 
for 4-milk forewarmed to 195® F. without holding time. Commercial eterilization processes 
are indicated by Zone A. 
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Samples of standard evaporated milk iii 14.5 oz. commercial milk cans were 
entered through a valve into the cooker maintained at 227° F. The time of pre- 
treatment was 9 minutes. At the expiration of the pretreatment period, the tem- 
perature of the cooker was raised quickly (lQ-15 seconds) to the desired tempera- 
ture and held at this temperature until the desired degree of grain formation was 
obtained. At the end of this processing period, the milk was (*ooled quickly by the 
addition of cold water to the cooker. Continuous rotation of the reel was main- 
tained throughout the proc<*ss. Grain formation in the milk was judged by the 
amount of coagulation noted in a film of milk formed by means of a wire loop or a 
similar method. The degree of graining was noted, in order of increasing severity, 
as very slight film, slight film, film and heavy film. Grain formation seldom was 
developed to the point of visibility on the back of a spoon. Data typical of these 
pilot runs are recorded in table 2. (Mrvcs 2, and 4 of figure 1 were derived from 
these data. 

TABLE 2 

The effect of heat on the phymeal properties of evaporated milk 


Group 

S<ampb> 

ViHcoRity 

Mojoimicr 

% Rt- 
iloctaiicc 
520 mp 

Grain 

Surface 

tension 

Cooker* 

Time Temp. 




(%) 


{dynes/ cm.) 

{mrn.) 

(“F.) 

Oh 

la 

30 

62.8 

hI. 61m 

51.4 

7.0 

260 


2a 

45 

59.8 

h 1. 61in 

54.2 

13.5 

250 


3a 

,67 

57.5 

61m 

55.7 

23.5 

240 


4a 

125 

54.8 

liy. film 

58.1 

47.5 

230 


lb 

30 

73.6 

h 1. film 

53.2 

3.5 

260 


2b 

40 

70.3 

film 

54.1 

7.0 

2.50 


:ib 

51 

65.3 

film 

.54.3 

17.0 

240 


4b 

57 

60.0 

film 

55.0 

37.0 

230 

4ci 

Ic 

30 

81.2 

Hi. film 

50.4 

2.0 

260 


2c 

45 

78.8 

hI. film 

.51.8 

4.0 

250 


3c 

48 

75.5 

r 1. film 

53.2 

10.0 

240 


4c 

60 

70.5 

film 

.56.2 

24.0 

230 


■ C’ooker time preceded l).v 9-min. process at 227” F. 

i* Forewarning process for group 2 was 210® F. for 10 min. followed by 10 sec. at 250® F. 

®(iroup 3 was forewarmed to 210® F. and held 10 min. 

Group 4 was forewarmed to 195® F. but not held. 

Conversion of process time into time at a given temperature. The evaluation 
process used herein is similar to that used by Bigelow et at. (2) for the conversion 
of the effect of time at one temperature into the effect of time at another tempera- 
ture. The conversion is illustrated in figures 2 and 3. For example, figure 2 illus- 
trates the heat penetration curve of a can of milk from the end of the pretreat- 
ment process at 227° F. through the 7-minute process at 250° F. and for 1.5 min- 
utes of the cooling period. The slope of the heat penetration curve is 2.9 minutes 
per log cycle; this slope is used for all processes and was determined in this lab- 
oratory. The log cycle for the temperature range 249 to 250° F. is omitted for 
convenience in plotting and on account of the negligible effect on the calculated 
process time. 
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From the data of figure 2 a second curve is plotted (figure 3) in which the 
process time of figure 2 is plotted as the abscissa and the reciprocals of the time 
on curve 1, figure 1 corresponding to the process temperatures shown on figure 2 
are plotted as ordinates. For example, after 2 minutes in the cooker the tempera- 
ture of the milk (center of can) is 240® F. as shown on figure 2. The time for this 
temperature on curve 1 figure 1 is 34.5 minutes. The reciprocal of this time is 



Fig. 2. Rate of heating and cooling of evaporated milk during processing. 


plotted on figure 3 as ordinate of abscissa 2. The area under this curve (solid 
line) represents the part of the 8.5 minutes that is effective at 250® F., in this case 
6.8 minutes. The pretreatment time (not shown but derived hy similar methods) 
is equivalent to 1.2 minutes at 250® F. The total time plotted is 8 minutes as shown 
on curve 3, figure 1. The data used in the illustration are derived from the data 
for sample 2b, table 2. 

Table 2 is a compilation of data for samples of evaporated milk heated as indi- 
cated to locate points of grain equivalence. Because the limited time and number 
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of samples available for this experiment were insufficient to permit determination 
of the rate of surface tension rise and grain formation, a second lot of evaporated 
milk was prepared for this purpose. In this second experiment the raw milk was 
forewarmed by the batch method to 205° F. and held 5 minutes at this tempera- 



riM£ IN NtMUTES 

Fig. 3. Conversion of heating and cooling curve time into time at 250® F. 

ture. Ten minutes were required to attain 205° F. Evaporation of the milk was 
conducted under vacuum at a temperature of 125° F., after w^hich the milk was 
homogenized at 2,500-lb. per square inch and standardized to conform with Fed- 
eral standard evaporated milk. Samples were filled into 14.5 oz. cans and proc- 
essed to the point of grain formatibn. The samples were analyzed ; the data are 
recorded in table 3. 
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TABLE 3 

The effect of cooker procens variation on the physicat properties of evaporated milk 


Group 

Sample 

ViBcosity 

Mojonnier 

% Ro- 
llectatice 
520 mp, 

Grain 

Surface 

tension 

Cooker process 

Time Temp. 



(75“ F.) 

(%) 


{dynes/ cm.) 

(min.) 

CF.) 

1 

1 

30 

80.3 

None 

52.5 

3.2 

260 


2 

32 

80.0 

SI. film 

53.5 

3.4 

260 


3 

46 

77.0 


55.5 

3.6 

260 


4 

46 

76.0 * 

*«« 

56.5 

3.8 

260 

1 

1 

25 

79.3 

None 

52.5 

5.3 

250 


2 

31 

78.1 

None 

55.5 

6.0 

250 


3 

32 

76.0 

None 

56.2 

7.0 

250 


4 

45 

73.8 

V Im 

56.5 

8.0 

250 


5 

56 

71.3 

*«» 

57.3 

9.0 

250 

1 

1 

28 

74.3 

None 

52.5 

12.(1 

240 


2 

36 

70.5 

None 

54.0 

15.0 

240 


3 

55 

68.8 

SI. film 

56.7 

17.0 

240 


4 

72 

64.8 

**« 

57.0 

19.5 

240 

1 

1 

23 

77.8 

None 

53.0 

15.0 

230 


2 

24 

70.3 

None 

53.5 

25.0 

230 


3 

47 

64.5 

None. 

55.5 

35.0 

230 


4 

83 

61.0 

Filin 

57.5 

40.0 

230 


3 

110 

60.0 

Hy. film 

58.6 

45.0 

230 

o 

1 

18 

81.7 

None 

52 

1 

250 


o 

22 

80.3 

None 

52.2 

3 

250 


.3 

27 

78.1 

None 

52.3 

5 

250 


4 

30 

77.1 

None 

52.4 

6 

250 


5 

43 

73.0 

Tiaee 

55.2 

8 

250 


0 

52 

70.5 

Film 

56.8 

9 

250 


7 

70 

69.0 

««« 

57.8 

10 

250 

2 

1 

17 

81.4 

None 

52.2 

1 

260 


2 

23 

81.3 

None 

52!2 

2 

260 


3 

24 

79.3 

None 

52.5 

.3 • 

260 


4 

24 

78.9 

None 

52.8 

3.4 

260 


5 

30 

77.5 

None 

53.8 

3.8 

260 


6 

30 

77.1 

None 

54.5 

4.0 

260 


7 

39 

75.3 

SI. Film 

55.5 

4.4 

260 


8 

48 

74.4 

**♦ 

56.0 

4.8 

260 


9 

47 

73.0 

***» 

56.0 

5.5 

260 


10 

70 

67.0 

• *«*«« 

57.8 

7.0 

260 

2 

1 

15 

81.6 

None 

51.3 

Pretreatment 


2 

10 

81.0 

None 

50 3 

Unsterilized 

• **, ***, **•* and 

tho back of a spoon. 

•* indicate 

increasing 

severity of grain 

formation 

visible on 


Attention should be called to the variation in time from the first appearance of 
grain to a severe grain formation at the various temperatures. At 260® F. the 
safe working range is not over 0.2 minutes, while at 230® F. it is about 5 minutes. 

Samples comprising group 2 were added to show the change in surface tension 
and color at significant times and temperatures during a process. These data 
show that a rise in surface tension occurs during the pretreatment period and 
that more time is necessary to reach a maximum value than would be indicated 
by the rate of rise at the time of the first appearance of grain. 

DISCUSSION 

Pour curves appear on figure 1. Curve 1 has been described as connecting 
points of equal surface tension or coagulation, but it is important to note from the 
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data of table 1 that this eurve (ionnects points of nearly equal color. Therefore, 
it will be found that the position of curves 2, 3 and 4 also indicate the relative 
color of milk x>rocessed as indicated by i)oints along these curves. For example, 
the color index given in table 2 for the process at 260° P. on curve 3 is 73.6. If a 
line js drawn through this point ])arallel to curve 1, it will intersect the ordinates 
250° F., 240° F. and 230° F. at 5.5, 9.4 and 16 minutes. The differeiujcs in time 
between these ordinates and the corresponding ones on curve 3 when multiplied 
by the rate of color formation at the respective temperatures and subtracted from 
73.6 agree closely as color indices with the values obtained in the process. (The 
(*olor index rate varies with concentration of the milk and seasonal factors but it 
is approximately 1.2 at 250° F., 0.7 at 240° F. and 0.4 at 230° F. for short time 
periods which are beyond the lag period.) This indicates that the derivation of 
curve 3 from the heat penetration data is essentially correct. Exception must be 
noted in those extreme cases involving short time-low temperature pretreatment of 
the raw milk, followed by a short time-high temp(»ratiire cooking process. For 
example, sample Ic in tabh‘ 2 has a refl(»ctance value of 81.2 which is somewhat 
higher than the value usually obtained on uusterilized milk. It should be noted 
als<) that the very .short cooking processes are completed during the lag phase of 
the color formation. In these cases, the* color results are difficult to <*ompute, since 
small changes in pretreatment of the raw milk, and perhaps other factors, result 
in somewhat unpredictabh' color values. This observation is supported by the 
data appearing in table 3 for processes at 260° F. 

Since the surface tension (Uirve ba.sed on data for the test tube process coin- 
cides approximately with the color curve, the time differences referred to in the 
preceding discussion of color also indicate the essential differences in coagulation 
observed for proc(‘sscs at points along curve 3. That is, while visible grain forma- 
tion is essentially equal along the curves representing the various processes, the 
surface tension and viscosity are not. It will be noted by the ilata in tables 2 and 
3 that the surface tension, viscosity and color index at the time of grain forma- 
tion increa.se as the cooking t<‘mperature is decreased. The es.sential difference be- 
tween heat coagulation in a static test tube and a can in a cooker is in the time of 
api)earance of visible grain with respect to surface tension. In a test tube, visible 
grain formation, especially at the lower temperatures, does not appear until some 
time after the marked rise in surface tension has occurred. In the processing of 
a can of milk, agitation usually is sufficient to produce a visible grain before a high 
surface tension value can be reached. That is, there are tw’^o phenomena observ- 
able in the heat coagulation of evaporated milk — ^a compact flake or grain type of 
coagulation and the normal heat coagulation as shown by an increase in viscosity 
or surface tension. An example of these phenomena is evidejit in the data for 
processes at 230° F. and 260° F. (group 1, table 3). For milk heated at 230° F., 
the surface tension reaches a practical maximum before a grain visible on the back 
of a spoon forms, but for milk heated at 260° F., a grain forms early in the coagu- 
lation period and a severe hard grain forms before a high surface tension or vis- 
(*osity can be obtained. 

The problem commercially seems to resolve itself into finding some means of 



784 


VICTOR NELSON 


decreasing the slope of the grain formation curve without, at the same time, so 
extending the time of coagulation as to render the milk too dark in color. For ex> 
ample, curve 2, figure 1 has a more favorable slope than curve 3, but the process 
time represented is too long. It has been the observation thus far that seasonal 
changes in milk composition have produced greater changes in the character of 
the coagulation than it has been possible to produce by variation in processing 
procedure. 

In most commercial practice, pretreatment of the raw milk is regulated so that 
the sterilization processes generally fall within the process range represented by 
section A on curve 1 of figure 1. Since curve 3 happens to be near the location of 
the sterility curve and to have practically the same slope, variations in sterilization 
processes are indicated by curve 3. The physical properties of a given lot of 
evaporated milk are determined largely by the particular process it is given, repre- 
sented by some point of the curve. The divergence of curve 3 from curve 1 in- 
erea.ses with temperature ; therefore, an increase in the temperature of processing 
is accompanied normally by a decrease in the color of the milk. Unfortunately 
the improvement in color and flavor are accompanied in general by a decrease in 
viscosity and fat stability. Until pretreatment procedures of the raw milk are de- 
vised to improve the fat stability of the processed milk, commercial evaporated 
milk processes which result in milk lighter than normal in color cannot be used 
without the risk of adverse results upon storage of the sterilized milk. 

Attention should be called to the fact that if cooker times are plotted instead 
of the calculated process time, the slopes of the curves are, for most practical pur- 
poses, almost identical. This is not surprising, since the lag in the temperature 
rise largely is offset in the subsequent cooling . 

SUMMARY 

1. A method for estimating equivalent processes in terms of time and tempera- 
ture, and with reference to grain point, .changes in color and surface tension, has 
been applied to evaporated milk. 

2. Surface tension, to the extent that it is affected by the proteins, is a meas- 
ure of the degree of coagulation, while grain point is an observable coagulation of 
fat and protein generally occurring before the maximum surface tension value or 
coagulation has been attained. 

3. For a given sample of milk the color index is a measure of the integrated 
effect of time and temperature of processing. 

4. The curves representing points of equal color and surface tension, grain for- 
mation and sterility are logarithmic with respect to time. The differences in the 
physical properties of the evaporated milk studied are indicated by the location of 
the processes with respect to these curves. 
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EFFECT OF THE QUICK AND COMPLETE ELIMINATION OF VITAMIN 
C ON THE DEVELOPMENT OF THE OXIDIZED FLAVORS IN 
HOMOGENIZED MILK, WITH SPECIAL REFERENCE TO 
THE ACTION OF DAYLIGHT 

E. S. GUTHRIE anj) VLADIMIR N. KRUKOVSKY 
Department of Dairy Industry 
Cornell University, Ithaca, N. Y. 

Many instances occur of lioinogenized milk developing quickly an oxidized 
flavor and it generally is recognized that daylight is a greater factor in the de- 
velopment of the oxidized flavors in homogenized milk than in unhomogenized 
milk. In a review of oxidized flavors in dairy products, Brown and Thurston ( 1 ) 
recorded several studies on the effect of homogenization and on the action of day- 
light on the development of these flavors in milk and its products. Many investi- 
gators have reported that proper homogenization was one way of preventing the 
production of the oxidized flavors for at least a week or so and that daylight could 
cause serious deterioration of the flavor of dairy products, whether or not the 
milk or cream had been homogenized. 

A variety of terms has been used to describe oxidized flavors. In the opinion of 
the authors, the term ‘‘oily” best describes the oxidized flavor caused by day- 
light or sunshine. Also, from the viewpoint of clearness it should be known that 
the vitamin C of milk is represented by both ascorbic and dehydroascorbic acids. 
The latter is the less stable form, being destroyed easily by heat. In the process 
of eliminating the vitamin C of milk, the ascorbic acid first is oxidized to dehydro- 
ascorbic acid, and, secondly, the dehydroascorbic acid is destroyed by the heat 
of pasteurization. The term ‘ ‘ vitamin C ” in this paper includes both ascorbic and 
•dehydroascorbic acids. At the time of the publication of the review of Brown 
and Thurston (1), the elimination of all the vitamin C in milk as a means of main- 
taining freshness in dairy products was not known. 

One of the summary statements of the first article of this series (2) by the 
authors is: “The reaction which produces the tallowy flavor could be inhibited by 
quick and complete photochemical or chemical oxidation of ascorbic acid in the 
milk to dehydroascorbic acid prior to its pasteurization and storage. Partial 
oxidation of ascorbic acid stimulates the development of the tallowy flavor.” 
This paper reports a continuation of that study. 

This research was concerned with the effect of rapid and complete oxidation 
of vitamin C and the partial oxidation of vitamin C prior to pasteurization and 
homogenization on the development of the oxidized flavors. Various factors, 
such as different homogenization pressures, the complete oxidation of vitamin C 
of milk by sunlight, a partial oxidation of vitamin C of milk by sunlight, the 
addition of vitamin C to milk from which the original vitamin C had been oxi- 
dized, and the catalytic action of copper were studied. 
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PROCBDUBB 

The milk in each experiment of this study was fresh, mixed herd milk obtained 
from ten I0<gallon cans of morning’s milk from the Cornell University herd* The 
milk was pasteurized by heating to 143° F. for 30 minutes. It was stored in 
brown glass bottles at 0 to 5° C. The tables in this paper represent many sets of 
similar data. 

RESULTS 

In the experiments represented in table 1, copper and ascorbic acid, either 
alone or together, were added to different portions of milk. The milk was exposed 

TABLE 1 

Effects of complete oxidation of ascorbic acid in milk by dayl'ght prior to pasteurization and 
homogenization and of the subquently added ascorbic acid and copper on 
the development of the oxidized flavors in homogenized mtik 





Flavor criticiBins of: 

Homogeniza- 
tion pressure 

Storage 

period 

Milk depleted 
of it *« total 
vitamin 
(A) 

Milk A + 20 mg. 

.‘iHCorbie aeid/l.a 
(B)a 



I’u added** 

Control Cu added'* 

(lb.) 

(<i) 




1 


oxitliztHl 

Control 

o 


very oxidized 


7 


very oxidized 


1 


oxidized very oxidized 

No pressure 

2-7 


very oxidized 

500 

1 


? f 

2-7 


slightly oxidized to oxidized 

1,000- 

3,000 

1-7 



^Commercial ascorbic acid was 

added within a few 

hours after the natural ascorbic acid 


was oxidized. 

O.I, 0.2 and 0.3 mg. Cu added per 1. of milk. 


to sunlight for 25 minutes, pasteurized and then homogenized at the pasteuriza- 
tion temperature. The “no pressure” samples were taken from the milk that was 
forced through the homogenizer without pressure, whereas the “control” milk 
was a portion removed prior to homogenization. Certain parts of the homogeni- 
zer, particularly the valves, contain copper. The catalytic action of this copper 
may account for the differences in flavor in the “control” and “no pressure” sam- 
ples in table 1, the control sample being the one without copper and the one with- 
out an oxidized flavor. Development of the oxidized flavors merely was retarded 
at 500 lb. pressure, whereas it was prevented completely at the higher pressures. 
The most important observation is that when the milk was depleted of all vitamin 
C, the oxidized flavors did not develop even when copper had been added, they 
quickly became intense in the unhomogenized milk, developed to a slight intensity 
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in milk homogenized at 500 lb., and did not develop in the milk homogenized at 
1,000 lb. and above. 

Likewise, a study was made of the quick-partial elimination of ascorbic acid 
in homogenized milk by sunlight on the development of the oxidized flavors. In 
table 2, the milks that were homogenized at pressures of 1,000 lb. or higher and 

TABLE 2 

Effect of a quieJc-partial oxidation of aecorbic acid in homogenized milk prodvced 
by sunlight on the development of oxidized flavors 
(14^ mg. ascorbic aeid/L milk after homogenization) 




Flavor criticisms of: 


Homogeniza- 
tion pressure 

Storage 

period 

Milk unexposed to sunlight 

Milk exposed to sunlight 
for 7 min.» 



Control Cu added*> 

(’ontrol 

Cu added>> 

ill,.) 

Control 

(d.) 

1 

3-6 

si. oxidized 
very oxidized 

very oxidized 

very oxidized 
very oxidized 

No pressure 

1 

3-6 

oxidized 
oxidized to very 
oxidized 

si. oxidized very oxidized 

very oxidized 

m 

1-6 

slightly oxidized 

oxidized to 
very oxidized 

very oxidized 

1,000 and 
1,500 

1-0 


oxidized to 
very oxidized 

very oxidiz(»d 

2,000 and 
3,000 

1-6 


very oxidized 


• At the end of exposure for 7 rain, and after pasteuration, the milk contained 6 nig./l. 
ascorbic acid, 

0.1 mg. copper/l. was added iinmodiately after the milk was pasteurized, ex])OHed to day- 
light, and put into the sample bottles. 

were unexposed to sunlight did not develop the oxidized flavors. The data on the 
milk exposed to sunlight show that the oxidized flavors became pronounced even 
when only 1 day old, under all pressures. 

In the experiments summarized in table 3 the milk was homogenized at 2,000 lb. 
pressure at the beginning of pasteurization. The pasteurization process was 
completed after homogenization. The exposures to sunlight in this experiment 
were 20 and 40 minutes, in contrast to 7 minutes in table 2. When milk contain- 
ing 18 mg./l. of ascorbic acid was homogenized at 2,000 lb. pressure, the oxidized 
flavors were not produced. This was true of both normal milk and normal milk 
plus copper. When those milks that were homogenized at 2,000 lb. pressure were 
exposed to sunlight for 20 minutes, the metallic flavor soon became very pro- 
nounced. Exposure of the milk to sunlight for 20 minutes was sufficient to lower 
the ascorbic from 18 to 3 mg./l. Action of the sunlight for 40 minutes completely 
oxidized the ascorbic acid and there were no oxidized flavors. However, there was 
a slight ‘‘daylight” flavor which may have been due to over-exposure. When 19 
rog./l. of ascorbic acid were added to a portion of milk from column C, the oxi- 
dized flavors appeared as in column B which contained the normal ascorbic acid 
of milk. In this experiment in which the pasteurization process was completed 
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TABLE 3 

Effects of a quwk-parlialt and complete oxuiation of ascorbic acid in homogenized milk hg 
sunlightf and of the subsequently added copper on the development of 
oxidized flavors in homogenized milk* 


Unexposedto Expose^ Bunlight Ascorbk aei.l 

911 ^ 5 - in™:.; " added to C 



Ascorbic 

acid 

Flavor 

criti- 

(Msnis 

Ascorinc 

acid 

Flavor 

criti* 

cisms 

Ascorbic 

acid 

Flavor 

criti- 

cisms 

Ascorbic 

acid 

Flavor 

criti- 

cisms 


{mg./l.) 


{mg./l.) 


(mg./l.) 


{mg./l.) 


Prior to 

exposure 

18.0 

- 

18.0 

- 

18.0 

- 

0.0 

- 

After 

exposure 

After storage 


3.0 

— 

0.0 

— 

19.0 

— 

for: 

1 d. 

15..3 

- 

0.0 

si. met.*) 

0.0 

vsd 

16.0 

very met. 

2d. 

12.2 

- 

0.0 

very met. 

0.0 


13.0 

met. 

.Td. 

7.0 

- 

0.0 

very met. 

00 

f 

8.4 

si. met. 

7(1. 

0.0 

- 

0.0 

very met. 

0 0 

? 

0.0 

met. 

1 ds 

8.0 

- 

0.0 

very met. 

0.0 

? 

7.3 

verj' met. 

2-7 d.c 

0.0 

- 

0.0 

very met. 

0.0 

f 

0.0 

very met. 


■ The milk was homogenized at 2,000 lb. preasure. 

“ SI. = slightly ; met . ~ metnllie ; vsd - very slightly daylight ; - =: good ; ? = questionable. 

*• Copper added - 0.1 mg./l. 

after homogenization, the re.siilts were similar to those of the first two experiments 
when pasteurization proceeded homogenization. 

StlMMARY 

1. Milk alone, or iii the presence of copper, did not develop the oxidized flavors 
in 7 days when homogenized at pressures of 1,000 lb. or above. 

2. Milk from which the vitamin C had been oxidized completely by sunlight, 
with or without copper, did not develop the oxidized flavors in 7 days in either 
the homogenized or unhomogenized samples. 

3. The addition of commercial vitamin C to milk from which the original vita- 
min C had been eliminated resulted in oxidized flavors like those produced in the 
samples from which the original vitamin 0 had not been eliminated. 

4. The development of the oxidized flavors as affected by the different factors 
in this study is the same when pasteurization follows homogenization as when it 
precedes homogenization. 

5. Milk from which the vitamin 0 had been oxidized partially by sunlight, 
with or without copper, quickly developed a “very oxidized “ flavor in both the 
homogenized and the unhoniogenized samples. 
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THE PASTEURIZATION OF AMERICAN CHEDDAR CHEESE BY 
RADIO-FREQUENCY HEAT 

F. V. K08IK0WSKY, B. L. HEBBINGTON and A. C. DAHLBEBG 
Department of Dairy Industry^ Cornell University, Ithaca, New York 

Radio-frequency or electronic heating has found many applications in heavy 
industry. However, only in recent years has attention been directed to its appli- 
cation in the food industry. Experimental studies have shown that it is possible 
to cook meat (1), blanch vegetables (8) or heat bread (2) directly in the package. 
Each of these applications has shown promise, while at the same time presenting 
new problems. 

According to Kinn (3) radio-frequency heating may be defined as the genera- 
tion of heat in a material normally considered an electrical insulator when that 
material is placed in a varying electrostatic field. Heating may or may not take 
place very quickly and uniformly, depending upon the character of the material 
treated. 

The material is inserted between two plates (or electrodes) and an alternating 
potential is applied. One electrode has a positive charge and the other a negative 
charge at any given instant and the electrostatic field between the plates causes 
a deformation of the molecular structure in the material. As a result of the high 
frequency alternation of the electric charge, the molecules are deformed repeat- 
edly and a molecular stress or friction is set up. This friction becomes apparent 
in the formation of heat generated throughout the material. By increasing either 
the frequency or voltage, the movements of the molecular structure are increased 
and more heat is generated. 

Milk has been pasteurized by Brown et al. (1) using radio-frequency heat, 
but, insofar as known, no attempt has been made to pasteurize cheese in this man- 
ner, though a preliminary report was presented on this subject by the authors 
in 1948 (7). 

The purpose of this investigation was to pasteurize cheese to various tempera- 
tures using radio-frequency heat and to observe the effect of this heat treatment 
upon the physical nature of the cheese, upon the bacteria and phosphatase present 
and upon the curing qualities of the cheese. 

EXPERIMENTAL. METHODS 

A number of batches of raw milk were made into American Cheddar cheese, 
which were pressed overnight in “20-lb.'’ square hoops. These cheeses then 
were cut up into blocks (1.5 x 4 x 5.25 inches), packaged in Parakote and heated 
directly by placing between the two electrodes of an experimental R.C.A. radio- 
frequency oscillator having a possible power output of 750 watts at 150 mega- 
cycles. The time required for heating a 1.3-lb. block of cheese to the desired 
temperature ranged from 1.5 to 2.7 minutes. Temperatures to which cheeses were 
heated ranged from 117° to 155° F, After attaining the desired temperatures. 
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the cheeses were placed in cardboard boxes and left in the laboratory to cool. 
Mercury thermometers were used, being inserted in the centers and sides of the 
cheeses. The interior temperature of the cheese was maintained for about 30 
minutes after removing from the machine. 

Analytical methods included the standard plate count as earlier used on cheese 
by Kosikowsky and Dahlberg (4), the soluble protein by the method of Sharp 
(11) and the volatile fatty acids by the method of Kosikowsky and Dahlberg (5). 
In addition, the phosphatase results were obtained by the method of Sanders and 
Sager (9) and also by a new method based upon modification of the Kay and 
Graham metliod (6). Four exjierienced judges scored the cheeses. 

Cheeses shown in this study do not represent the full number tested, for in 
the interest of simplicity only one representative group is shown. 


expp:rimentai. results 

Vhysical appearance of heated cheeses. Two-day-old raw milk cheeses held at 
50° P. and heated to as high as 146° P. by the high frequency heater retained 
their physical form. There was no oiling off and, after cooling to 60° P., there 
was no notable difference apparent between the heated and unheated samples. 
However, if the raw milk cheese was held for 10 days at 50° P. and then heated 
by means of the radio frequency heater, the cheese could be heated to only about 
135° P. before losing its physical shape. Above this point, the temperature of 
the surface continued to rise, while that of the center did not. Under these con- 
ditions the surface soon melted. This phenomenon was more evident in cheeses 
6 months to a year old, where even lower heating temperatures were necessary. 
More uniform heating was produced by heating the c.heese directly in the Para- 
kote package than by heating the wrapped cheese in a cardboard box. 

TABLE 1 

The baclerial counts of American Cheddar cheese^ heated to various temperatures with 

radiO’ frequency heat 


Heat 

treatment 

of 

cheese 


Bacterial count/g. 

afte’Aelting Destruction 


Bacterial count/g. Bacterial count/g. 
after 2 mo. at after C mo. at 
60" F. 60" F. 


CF.) 



None 

320,000,000 


126 

120,000 

99.96 

132 

5,000 

99.99 

134 

13,000 

99.99 

138 

3,500 

99.99 

140 

2,000 

99.99 

146 

1,500 

99.99 


51,000.000 

9.000. 000 

7.800.000 

9.000. 000 

6 . 000 . 000 

6.300.000 

3.100.000 


1,800,000 

3.200.000 

1.800.000 

880,000 

1,200,000 

6,600,000 

6,600,000 


* Moisture of control cheese = 36.0% ; pH of raw cheese =: 5.2. 

Bacterial count and phosphatase values of heated cheeses. In table 1 it may 
be seen that heating the cheese by radio frequency heat to a temperature of only 
132° F. reduced the total count by 99.99 per cent. However, 2 months later at 
60° P. these same cheeses showed an increase in their bacterial count, indicating 
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that growth had taken place in the meantime. In 6 months (3 months at 60® P. 
and 3 months at 36° F.) this bacterial count still was maintained in some cases, 
but in others it had dropped. The types of bacteria growing in this cheese were 
not investigated. 

TABLE 2 

The phosphatane values of American Cheddar cheese heated to various temperatures with 

radio-frequency h ca t 


Phospliataso Values 


Heat 

treatment of 
cheese 

Sandors-Sager 

method* 

Modified 

Kay*Graham 

method^ 

Cheese 

negative or positive 

CK) 

(Y phenol/ 

OJBSg,) 

(mg, phenol/ 

0.5 g,) 


None 

40.0 

0.624 

+ 

126 

9.0 

0.063 

+ 

132 

1.0 

0.006 


134 

2.0 

0.012 


138 

1.0 

0.009 

_ 

140 

1.0 

0.006 

_ 

146 

1.0 

0.000 

- 


• Value over 3.0 y/0.25 g. cheese indicates undorpasteurized or raw milk cheese. 

‘‘Value over 0.02 ing./0.5 g. cheese indicates underpasteurized or raw milk cheeso. Bata 
for this standard yet unpublished. 


As may be seen by the results from the phosphatase tests (table 2), when the. 
cheeses were heated to 132° P. and higher, negative results were obtained. This 
is in good agreement with the work of Sanders and Sager (10) who obtained a 
negative phosphatase test by heating Cheddar cheese to 130° P. for 13 minutes 
by conventional heating methods. 

Ripening of heated cheeses. All the cheese heated by radio frequency lieat 
ripened to some degree and in a measure dictated by the intensity of the heat 
treatment. None actually attained the degree of ripening of the raw milk con- 
trol, but some were well broken down at the end of 6 months. The cheeses at the 
end of 6 months ranged from mild to medium in flavor intensity. 

Some criteria of the degree of ripening can be ascertained by observing the 
increase in soluble protein and volatile fatty acids (table 3). The raw milk 
cheese in this table was highest in soluble protein and volatile fatty acids at the 
end of the ripening periods. However, curing had taken place in the heated 
cheese, as evidenced by the varying increases in these two constants. 

Important criteria of ripening are body breakdown and flavor characteristics. 
Data obtained by four judges on this phase at the end of 2 months are shown in 
table 4. After two months at 60° P. for this particular lot of cheeses, the flavor 
score ranged from 38.5 to 39.9, indicating that the cheese flavor was of good 
quality. The body score ranged from 27.6 to 29.3, a wider variation than that 
obtained on flavor. The more numerous criticisms referred to flavor at the end 
of 2 months were slightly bitter and slightly oily, while the body was criticized 
mostly for being too corky and firm. However, when the same cheeses were 
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sctored again by two judges at the end of 6 months (3 months at 60^ and 3 months 
at 36° F.), the cheeses had deteriorated in flavor but most had improved in body. 
Most of the criticisms on flavor were bitter and tallowy, while the only criticism 
on body was slight firmness. 


TABLE 3 

The soluble protein and volatile fatty arid valves of American Cheddar cheese heated to various 
temperatures with radio- frequency heat and ripened 


Heat treatment - -- 
of cheese 

Soluble protein* 

Volatile fatty acids** 

After 2 mo, 
flt60"F. 

After 6 mo. 

After 2 mo. 

at60®F. After 6 mo. 

(“F.) 

(%) 

(%) 

(ml. 0.] N acid/100 g. 

cheese) 

None 

5.95 

8.15 

35.7 

43.9 

326 

4.93 

7.50 

28.5 

41.7 

132 

5.09 

6.30 

27.9 

36.2 

134 

4.74 

6.88 

20.3 

24.0 

138 

4.51 

5.57 

19.1 

27.0 

140 

4.70 

7.16 

27.7 

31.0 

146 

4.51 

5.90 

17.6 

31.1 


“iSoIubJo protein of control elieese 24 lir. after making - 1.29%. 

•' Volatile fatty acids of control clieene 24 hr. after makiiig= 12.5 ml. 0.1 N acid, 
c Cured 3 months at 60® F. followed by 3 months at 36® F. 


TABLE 4 

The fiavoVi body and total scores of American Cheddar cheese heated to vanous temperatures 
v'lth radiO’frequency heat and ripened for 6 months 


Heat treatment 

(’becse ripened for 
at 60" F. 

2 mo. 

(lieesc ripened for 6 mo. 

(3 mo. at 60® F. and 

3 mo. at 36® F.) 

of chopso* 


— 

. - 

- _ 






Flavor 

Body 

Total 

Flavor 

Body 

Total 


score** 

acoro** 


score*’ 

score'* 

score 

rc.) 

None 

39.1 

29.1 

93.2 

38.3 

29.3 

92.6 

126 

39.9 

29.3 

94.1 

37.3 

29.3 

91.6 

132 

39.6 

29.3 

94.0 

37.5 

29.3 

91.8 

134 

39.0 

28.8 

92.5 

37.0 

29.0 

91.0 

138 

38.8 

28.8 

93.0 

37.8 

29.0 

91.8 

140 

39.5 

28.5 

93.2 

36.5 

29.0 

90.0 

146 

38.5 

27.6 

91.1 

36.8 

29.0 

90.3 


» Cheese 2 d. old when heated. 

Most frequent flavor criticisms; oily, bitter, 

«■ Most frequent body criticism: firmness. 

Heating of Camemhert cheeses, A number of 8-ounce whole Cainembert 
cheeses were heated with radio frequency heat. These chee.ses behaved like aged 
Cheddar cheese, as when the Camembert wdieels were heated to between 60 and 
90° P. in the center, it was impossible to handle the surface because of the ex- 
tremely high temperature. For this reason these cheeses were placed in the 
heater for time intervals ranging from 0.5 to 2 minutes, instead of measuring 
temperatures. Only a limited number of cheeses were heated in this manner. 
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Those heated for 1 to 1.5 minutes were found by various judg^es to be less prone 
to have their surfaces turn brown or to have their flavors become ammonical 
after storing at 60® P. than the unheated control sample. No off-flavors devel- 
oped. However, in time all the cheeses became brown and overripe. 

DISCUSSION 

It would be advantageous to develop flavor in raw milk cheese before pasteur- 
izing it, but this does not seem possible under the conditions of this study, as 
rapid melting of the older cheese occurred. Recognition should be made of the 
off-flavors, such as oily or bitter, which developed in many of the heated cheeses 
upon prolonged ripening. The source of these off-flavors is not known, though 
it may be that the oily flavor has something to do with the actual heating, whereas 
the bitter flavor may be due to bacteria in the cheese. In the control cheese, for 
example, a bitter flavor was noticed. It might be possible to have Streptococcus 
faecalis as the predominating bacterial flora in the heated cheese by adding large 
amounts of this thermoduric organism to the cheese milk. This might provide 
more uniform ripening with good Cheddar flavor. 

In the manufacture of Camembert cheese it would be advantageous to delay 
the ripening process of the cheese after it had reached its optimum point. A 
very limited amount of work was done on this problem and the preliminary re- 
sults indicate some delay is brought about, although only rough methods of esti- 
mating temperatures were used. 

Care should be taken in the heating of ripened cheese that arcing of the elec- 
trodes does not result, for brown discolorations appeared on the cheese if this 
happened. Proper shaping of the electrodes for the cheese is essential. 

Many problems exist in this type of heating, aside from economic questions. 
For example, no good means of determining the temperature during the heating 
process is available, nor have those factors been studied which are likely to cause 
irregularities in temperature throughout the cheese. More information is neces- 
sary in regard to proper development of flavor and body, and especially the pro- 
duction of off-flavors. After this information is obtained, the careful standardi- 
zation of time-temperature relationships will be necessary to assure proper pas- 
teurization. It is felt that more information of this nature should be obtained 
before the practicability of this type of pasteurization can be evaluated fully. 

SUMMARY 

The radio-frequency pasteurization of young Cheddar cheese in Parakote 
packages was found possible. Older cheeses did not stand up well under the heat 
treatment. Phosphatase negative results were obtained on Cheddar cheese heated 
by radio frequency currents to 132° F. or above, and then cooled in air. 

Curing took place in radio frequency heated cheeses, though not as rapidly as 
in the unheated controls. Off flavors, including oily and bitter, were noticed 
in a number of heated cheeses. Their cause was not investigated. 

Many problems are present in this type of heating which require additional 
study. 
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Effect of variovs treatments of fresh cow manure 
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8inee it is somewhat difficult to picture the drying process causing the hy- 
drolysis of combined androgen, the feeding of fresh manure was compared with 
similar material heated in an autoclave at 15 lb. pressure for 25 minutes, then 
cooled and fed wet. The inactivation of the enzymes and microorganisms was 
without beneficial effect in the feeding of wet manure (table 2). Further, the 
high temperature treatment (121° C.) was ineffective as a hydrolyzing agent 
when the hormone was present in a combined form. If the cow manure, after 
heating at 15 lb. pressure for 25 minutes, was dried at 45° C. and then fed, or if 
rewet after drying, the biological activity was increased considerably, but it 
showed less potency than the manure dried at 45° C. without autoclaving. Tin* 
detrimental effect of drying at 80° C. again was shown. Wherever the feeding 
of the material in the dry and wet states was compared, the dry material was 
slightly more effective. 

For comparison with the results obtained with cow manure dried at 45° C., a 
group of chicks was fed 10 mg. testosterone per kilogram of feed. The crystalline 
hormone at this level was slightly more potent than the hormone present in the 
manure when dried at 45° C. 

In the first experiment, reheating at 80° C. for 24 hours one sample of <*ow 
manure which had been dried at 45° C. appeared to increase the biological activ- 
ity of the male hormone present (table 1 ). To confirm this work and at the same 
time determine the optimal temperature for reheating, manure was collected from 
a single cow for a considerable period and dried at 45° C. by the regular method. 
When sufficient material was on hand, it was divided into five lots. The first lot 
was not reheated, but the second to fifth lots were heated for 24 hours at 65, 85, 
105 and 125° C., respectively. 

The assay indicated that the apparent androgen content of this sample of <*ow 
manure dried at 45° C. was slightly higher than that observed in the first experi- 
ment and closely approached the average comb ^weight stimulated by 10 mg. testo- 
sterone per kg. feed (table 3). Hovrever, by redrying the samples at 65° C. for 
24 hours, the average comb weight per 100 g. body weight was increased to 170.44 
mg. which compares quite favorably with the average comb weight of ]83.5fl mg. 
stimulated by 20 mg. testosterone per kg. feed (3). Heating the dried cow 
manure at progressively higher temperatures then caused a gradual de(*line in 
the biological activity of the male hormone. The final temperature, 125° C., 
greatly reduced the activity. 

DISCUSSION 

These data indicate that the male hormone in fresh cow manure is present in 
an inactive form. Heating and drying cow manure at 45° C. increase the bio- 
logical activity of the hormone present. Heating fresh cow manure at 45° C. for 
varying time intervals up to 48 hours without drying was without effect upon 
the biological activity. Autoclaving fresh cow manure at 15 lb. pressure for 25 
minutes to inactivate bacteria and enzyme activity was without effect either from 
the standpoint of retarding unfavorable changes in the hormone or from the pos- 
sible beneficial effects of the high temperature (121° C.). 
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Apparently desiccation, rather than temperature, was the paramount factor 
in the biological activation of the hormone resulting from the drying of cow 
manure at 45° C. for 48 hours. However, slow drying, either in the sun or shade 
or by fanning at room temperature resulted in samples of reduced potency. 

If temperatures of drying the fresh manure were increased above 45° C., bio- 
logical activity again was reduced. About 45° C. apparently is the optimum 
temperature for the desiccation of fresh cow manure. When desiccation is about 
complete, continued heating at about 65° C. greatly increases the oral Biological 
activity of the hormone. 

In the metabolism and excretion of estrogen, the natural hormone, estradiol, 
is changed in part to the less active estrogens, estrone and estriol, and, further, 
these compounds are combined as sulphates and glucuronidates before being ex- 
creted. Since the estrogens in urine in the combined form are less active biolog- 
ically than in the free form, the hydrolysis of urine either by acid or as a result 
of the action of microorganisms has resulted in the production of urine showing 
increased biological activity. 

The androgens in urine also have been shown to occur in a water-soluble, bio- 
logically inactive form. On treatment with acid and heat, the water-soluble 
complex is split, yielding fat-soluble, water-insoluble androgen, which is biolog- 
ically active (1). It has been demonstrated that the combined androgen is in 
part a sulfate ester. 

The lack of biological activity in the fresh manure might be taken to indicate 
that the male hormones are present in a combined form just as they are secreted 
in urine. In the case of urine, the hormones are activated by the hydrolysis of 
the compounds by heat or acid to liberate the free forms. If the same situation 
exists in the case of the male hormone in cow manure,' it would seem that the ap- 
pearance of the free form of the hormone is accelerated by desiccation at a tem- 
perature of about 45° C. When this process is about complete the conversion to 
the free form of the hormone is further effected by holding at temperatures of 
about 65° C. for 24 hours. By this treatment, the cow manure of individual 
cows may be shown to contain male hormone with oral biological activity ap- 
proaching the biological activity of 20 mg. of testosterone per kg. of feed. Since 
the dried cow manure is fed at the 10 per cent level, it means that 100 g. of dried 
cow manure may contain the oral equivalent of 20 mg. of testosterone. 

At this time it is not possible to say that the desiccation and temperature con- 
ditions which increase the oral biological activity of the cow manure do so by 
hydrolyzing the combined male hormone. Possibly other changes in the com- 
pounds affecting their biological activity might be produced by these ph3rsical 
conditions. Only by the isolation and characterization of the compounds present 
in cow manure can this problem be solved. 

SUMMARY AND CONCLUSIONS 

1. Sun- and air-drying were less effective than fanning for drying manure, 
but none of these methods was as effective as drying at 45° C. for 48 hours. 
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2. Feeding of fresh manure was without effect, indicating that the male 
hormone in fresh cow manure is biologically inactive. 

3. The previous observation that heating fresh manure at 80® C. inactivated 
the hormone was confirmed; however, when the manure is dried at 45® C., it may 
be wet and redried at 80® C. or heated at 80® C. for 24 hours without loss of ac- 
tivity. 

4. Heating cow manure at 45® C. without drying for periods varying from 
3 to 48 hours was without beneficial effect. 

5. Autoclaving the manure at 15 lb. pressure for 25 minutes neither im- 
proved the activity when fed moist nor seriously depressed the activity when 
dried subsequently at 45® C. 

6. When manure dried at 45® C. was reheated for 24 hours at 65® C., the 
apparent activity was almost doubled. Heating at both 85 and 105® C. resulted 
in activity equal to the control sample, but heating at 125® C. inactivated the 
hormone rather severely. 

REFERENCES 

(1) Dorfman, R. I. Biochemistry of Androgens. Chax>ter XII. in The Hormones, Physiol 

ogy, Chemistry and Applications. Vol. 1, p. 467. Academic Press Inc,, New York, 
N. Y. 1948. 

(2) Turner, C. W, The Male Hormone Content of Ruminant Manure. J. Dairv Sci., 30: 

1-8. 1947. 

(3) Turner, C. VIT. Some Factors Inducnciug the Male Hormone (^ontent of Cow Manure. J. 

Dairy Sci., 31: 1032-1040. 1948. 



THE EFFECT OF PREFARTUM MILKING AND OF FEEDING OF 
VITAMIN A SUPPLEMENTED RATION ON THE LEUCOCYTE 
COUNT OP POSTPARTUM MILK SAMPLES 

E. O. ANDERSON and PATRICIA MACLEOD 

Department of A ntmal Induetnen, Storrs Agricultural Experiment Station, 

Vnivernity of Connecticut, Storrx 

This paper reports the effects of prepartiim milking and the feeding of a vita- 
min A-supplemented ration on the leucocyte counts of postpartum milk samples. 
An analysis of the effects of these factors on the composition of postpartum milk 
will be published elsewhere.^ 

METHODS 

Films of milk samples of the first postpartum milkings of 32 mastitis-free (3) 
cows were stained and examined by the methods prescribed by the American 
Public Health Association (1). The cows were milked on a r2-hour schedule. 
Sixteen were subjected to prepartum milking, beginning 3 days before the calcu- 
lated parturition date. The actual period of prepartum milking varied from 36 
hours to 9 days. Of these cows, milked prepartum, five were fed the basial ration 
and 11 the same basal ration supplemented by vitamin A. The other 16 animals 
were not milked before parturition. Pour of these were fed the basal ration and 
12 the supplemented diet. 

The leucocyte counts, expressed in millions of cells per ml. were converted to 
logarithms for statistical analysis. The milk samples of the four differently- 
treated groups of animals were compared in respect to both the mean leucocyte 
count and the change in the leucocyte count during the first six milkings post- 
partum. 

RESULTS 

The average leucocyte counts of the four groups differed less from one an- 
other than the error of the difference. The average log-counts of the prepartum 
basal and vitamin A groups were 5.76 and 5.84, respectively, and those for the 
two groups milked only postpartum were both 5.77. In actual counts these cor- 
respond to the geometric means shown in the last row of table 1, together with 
the average amount of milk produced, in pounds. 

The number of leucocytes decreased .strikingly and very significantly during 
the six postpartum milkings when averaged over all four groups. This down- 
ward trend was somewhat less marked in the prepartum-milked cows than in the 
others, although the difference in the trend could not be considered as statisti- 
cally significant. The addition of vitamin A to the ration had no effect upon the 
trend. 

Keyes et al, (2) found that the number of leucocytes was the highest in the 

BeeeiTed for publication April 29, 1949. 

i This study is being conducted by H. D. Baton, Department of Animal Industries, Univer- 
sity of Connecticut. 
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TABLE 1 

Average milk production and leuroegic counts of postpartum milkings, for the four groups of 

experimental cows 

Prepartuiii iiiiikerl cowh* Non-prepartum milked 

Postpartum « Vitamin A Basal ration Vitamin A 

milking Ration Ration 



Leucocytes 

Milk 

lAMM'ocytes 

Milk 

Leucocytes 

Milk 

Leucocytes 

Milk 


{No. /ml.) 

(lb.) 

(No./mL) 

(lb.) 

(No./ ml.) 

(lb.) 

(No./ ml.) 

(lb.) 

Ist 

676,000 

12.26 

1,000,000 

9.99 

1,122,000 

14.00 

1,202,000 

14.53 

2nd 

8.51,000 

16.58 

1,175,000 

12.35 

2,042,000 

7.88 

1,112,000 

8.37 

3rd 

537,000 

16.92 

562,000 

15.23 

490,000 

14.5.5 

617,000 

10.69 

4th 

513,000 

19.68 

525,000 

16.67 

355,000 

17.38 

427,000 

14.68 

5th 

479,000 

17.62 

555,000 

16.77 

229,000 

17.68 

407,000 

14.19 

6th 

490,000 

20.68 

5.50,000 

15.33 

263^000 

17.08 

302,000 

17.25 

Av, for group 

575,000 

17.29 

692,00f» 

14.39 

589,000 

14.76 

589,000 

13.29 


16 cows: 5 on basal ration (1 Avrshiro, 1 (Juernsey, 2 Holsteins, 1 Jersey) ; 11 on vitamin 
A ration (4 Guernseys, 3 Tlolsteins, 4 Jerseys). 

•'16 cows: 4 on basal ration (2 Guernseys, 1 Holstein, 1 Jersey); 12 on vitamin A ration 
(2 Ayrshires, 3 (JiieriiHeys, 4 llolsteins, 3 Jerseys 

first mil killers and drcjpped to normal (the actual number was not given) within 
4 days after parturition. 

CONCLUSION 

The mean leueoeyte eount of milk samples of postpartum milkings of healthy 
cows is not affeeted by propartum milking or by the feeding of a vitamin A-sup- 
plemented ration. 
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EABLE M. UZZELL, B. B. BECKEB, and E. BUFFIN JONES, JB. 

University of Florida, Gainesville 

Digestion of feeds by cattle is accomplished mechanically, by en^me action, 
by chemical reactions and through the activity of microorganisms, such as the 
bacteria and protozoa in the stomach (23). Some attention has been given to 
these protozoa, yet much remains to be learned concerning their kinds, distribu- 
tion and activity. 

LITERATURE REVIEW 

In 1843, Gruby and Dclafond (11) observed large numbers of microorganisms, 
including eiliate infusoria, in the rumen and reticulum but only dead specimens 
or fragments in the omasum, abomasum and small intestines. Hastings (13) 
quoted estimates placing the volume of protozoa at 4.4 to 20.0 per cent of the 
rumen contents. 

Becker and Talbott (6) listed 33 species of protozoa as having been identified 
in the rumen, with from 2 to 16 species present in single animals. Mangold (22) 
mentioned 19 species of protozoa obtained from the stomachs of cattle out of 33 
reported for eight different ruminants. These microorganisms function in diges- 
tion and synthesis of nutrients in the rumen and become available to the host 
when they, in turn, are digested. 

Becker and associates (4, 5) suggested that the rumen protozoa enter the 
stomach through ingestion of freshly contaminated feed or water, and that they 
were not ingested in cyst form. Becker (3) believed that the numbers of protozoa 
were related more closely to kind and quantity of feed eaten than to physiological 
state of the animal. Johnson et al, (19) observed the concentration of ba(;teria 
to be greatest 1 hour after feeding (6.5 'million/ml.), and of protozoa 15 hours 
later (840,000/ml.). However, six lambs defaunated by fasting coupled with two 
copper sulfate treatments at 24-hour inter\’als were kept free of rumen protozoa 
for 30 days. They utilized urea as efficiently as did normal lambs. Functioning 
of rumen bacteria was regarded as possible but not investigated. Protein from 
protozoa was 86 per cent digested and that of bacteria, 55 per cent. Biological 
values of these proteins with rats were 68 and 66 per cent, respectively. 

Schwarz (26) investigated rumen contents of slaughtered cattle and concluded 
that one-third of the protein in feeds was converted into bacterial and infusorial 
protein. He cited Scheunert’s view that infusoria were harmless commensals aid- 
ing in the mechanical action along with the soaking, maceration and intermixing 
of the paunch contents, agreeing with Bundle on this point. 

Microorganisms of the stomach (anaerobic bacteria and protozoa) functioned 
in the digestion of cellulose (IS, 19, 21, 22, 28) and in the conversion of urea, 
ammonium carbonate and vegetable proteins into animal proteins available ulli- 

Beeeived for publication April 30, 1940. 

lA Joint contribution of the departments of Dairy Husbandry and Biology. Approved 
for publication by the director of the Florida Agricultural Experiment Station. 
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mately to the host. Some products of this activity included cellulose disintegra- 
tion, gases and ether-soluble compounds, as indicated by Baker (1), Cole et aL 
(7), Hale et al. (12) and Hungate (17). Rumen microorganisms also contributed 
to the synthesis of water soluble vitamins (2, 8, 18, 21, 24, 25), incJuding biotin, 
pantothenic acid, pyridoxine, riboflavin and thiamine. 

Use of a rumen fistula has facilitated investigations of biological functions of 
microorganisms in cattle. Penstate Homestead Jessie 924062 had a rumen fistula 
by means of which the rumen contents were sampled by Bechdel et al, (2). They 
found that Flavohactcrium vitarumen synthesized vitamin B complex in the 
rumen. Huffman (14) reported that an experimental cow went seriously off-feed 
upon complete removal of the rumen contents through a fistula upon continued 
feeding of the same ration. She recovered (juickly after fresh rumen contents 
from a normal steer were placed in her rumen. Rumen digestion in cattle was 
practically completed 12 hours after eating (12). 

Ferber (9) and Perber and AVinogradowa-Fedorowa (10) regarded protozoa 
as symbionts, observing in sheep and a goat that these organisms built up easily- 
digested protein in their bodies to be broken down in the omasum and digested. 
A wether, fasted 102.5 hours, was reduced to a state of “no infusoria” in the 
rumen. Upon resumption of feeding, the total infusoria increased in 30 days to 
1,387/ml. Van Der Wath and Myburgh (27) recently investigated the role of 
infusoria and bacteria in ruminal digestion with Merino sheep under South Afri- 
can conditions. 

Knowledge of bacterial and protozoan function in the ruminant stomach sug- 
gests a need for more information concerning the kinds of rumen infusoria in 
cattle and their distribution. Consequently, a survey was made with animals 
raised in the station dairy herd to determine the kinds of protozoa present in Jer- 
sey cattle of different ages. 

METHODS 

Samples of stomach contents from the rumino-reticular compartment were 
taken from six cattle slaughtered commercially and used in testing technics of 
observation, staining and identification. No protozoa were found in a sample ob- 
tained from a high grade Brahman bull. This animal was in reasonable condition 
and appeared healthy. The sample contained a considerable proportion of fresh 
citrus pulp and little grass or hay. Nothing is known concerning his previous 
feeding and history. 

Twelve male Jersey calves and one Jersey cow^ raised in the experiment station 
dairy herd were studied under feeding conditions shown in table 1. 

Each animal was stunned, suspended head downward and bled. The hide was 
removed, animal eviscerated and samples obtained from the ileum near the distal 
end, abomasum, omasum and rumino-reticular compartment, in this order. 
These alimentary contents were collected in sterilized Mason jars or test tubes with 
little contact with the air. In the Biology laboratory, samples were taken rapidly 
at room temperature, using clean pipettes to avoid extra exposure to air, and ex- 
amined under cover slips sealed with plain vaseline. Observations began within 
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TABLE 1 

Protozoa in the etomach of Jemey rattle Vtorida 
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« X = lining protozoa. 
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10 to 15 minutes of sampling so as to observe the protozoa in the living state inso- 
far as possible. The samples were examined microscopically in the order of col- 
lection. 

Aliquot amounts were fixed hi 10 per cent formalin, in Schaudinn’s fluid 
and in hot Bonin’s fluid. The fixed protozoa were stained -with precipitated 
borax-carmine, with standard alum hematoxylin and triosin. Then they w(»re 
dehydrated in an alcohol series and mounted in balsam for further species identi- 
fication by means of the keys of Kudo (20) and Becker and Talbott (6). 

RESULTS 

Xo protozoa were found in the digestive tract of either newborn calf, 347-P^ 
and 352-F. Clear liquid in the abomasum contained squamous epithelial cells. 
Some cells also weni present in the fluid in the rumen and omasum. One calf had 
licked sand from the floor of his stall. Neither animal had opportunity to nurse 
prior to slaughter. 

Xo protozoa were observed in the ileum of any of the calves or in the cow. 

Xo calves fed solely on milk w^re available for this study. Calf 341-P was 
believed to have obtained some grass shortly before slaughter, as the stomach 
contents were green in color. (Ireen inclusions were seen in many of these proto- 
zoa, including Eniodinium bursa. The presence of green inclusions in this species 
is of particular interest, sin(*e Hungate concluded (15, 16) that Entodinium 
caudatum did not digest cellulose. 

Five calves from 80 to 193 days old were receiving mixed concentrates and 
upland prairie hay at time of slaughter. Two of thc.se, 315-F and 322-F, were the 
f»nly animals in whicli living rumen protozoa were identified in the abomasum. 
Considerable gas dcvel(»i>ed in the rumens of these animals during slaughter, 
sufficient to force some of the rumen liquid through the esophagus. It is highly 
probable that the living protozoa in the abomasum \vere an artifact caused by this 
pressure. As shown in table 1, from 5 to 12 species of protozoa were identified in 
the rumen contents of these five animals, 313-F, 315-F’, 322-F, 323-F’ and 336-F. 
Protozoa seen in the aboma.sal .samples from three of them were non-motile (dead?) . 

Ill attempting to follow a clue that feeds may affect the fauna of the digestive 
system, prairie hay was withdrawn from the rations of 316-F for 10 days, and of 
319-F for 11 days, and replaced with fresh grapefruit pulp (peel, rag and seed). 
Only four species of Entodinium were found in the rumen of the first animal when 
slaughtered, while three of these together with the larger Diphdinium were iden- 
tified in the rumen of the second animal. Blades of prairie hay w^ere present in 
the rumen contents of 319-F'’ even though none had been offered to him for 11 days. 

The 4.5-year old Jersey cow 58-F had been removed from a mixed grass 
pasture 5 days before slaughter and had received the same kind of mixed concen- 
trates and hay as did the calves, in addition to about 20 lbs. of corn silage daily. 
This cow’s rumen contained 12 species of living protozoa, including two of 
Diplodinium^ four of Entodinium, tw^o of Isotricha, and one species each of Calli- 
mastix, Dasytricha, Evfrichomastix and Ophryscolex. 

Tw^o of the younger calves had only two species of Entodmium in the stomach. 
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The COW and a 5.5-month old calf had 12 different species of protozoa. Eighteen 
species in eight genera of rumen protozoa were distributed variously among the 
11 animals past 6 weeks old. The five species of Entodinium each were present 
in six to nine animals, only two animals possessing all five species. From one to 
four calves had one or more of six species of Diplodinium, none having only this 
genus. Three animals had both species of Isotncha, and a single animal had one 
species of this genus. Single species of CdlUmasUz, Dasytricha or EutrichO’ 
mastix were present in three different animals, the mature cow having all three 
of them. Ophryscolex and Polyplasfron occurred only in single individuals. The 
distribution of protozoa is listed in table 1. 

SUMMARY and CONCLUSIONS 

This survey verified that the stomach and small intestines of calves were devoid 
of protozoa at birth. No observations were made on calves receiving milk alone. 
Protozoa were teeming in the rumen, some living ones persisted in the omasum, 
nearly all in the abomasum were non-motile (dead?) and none were intact in the 
ileum. This suggests that their main activity took place in the first-named com- 
partment and that, after being rendered non-motile, they were digested by the 
host. More observations are needed concerning effects of diet on the microfauna 
both as to species and numbers. Calves appeared to acquire more species of 
protozoa as they advanced in age. Eighteen species of eight genera of protozoa 
were observed in 12 experimental Jersey calves and a cow studied in this herd. 
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HOMOGENIZED MILK VII. EFFECT OF AGITATION DURING 
FREEZING! ON THE KEEPING QUALITY OF FROZEN 
HOMOGENIZED MILK 

C. 0. BABCOCK,! ERNEST WINBHAM, and COLONEL BATMOND RANDALL, VC. 

Veterinary Diviftion^ Army Medical Department ^ Ki search and Graduate School, 

Army Medical Center, Washington IS, D. C, 

Previous studies (5, 6) have proved that homogenized milk of good quality 
can be stored at usual storage temperatures after thawing without deterioration 
for longer periods of time than usually are necessary before use. Further, it 
has been found that homogenized milk of good quality may be kept as long as 120 
hours at 1.67° C. before freezing without adversely affecting the keeping quality 
of the frozen product. A more recent study (7) has shown that the addition of 
sodium citrate with ascorbic acid increases the time that homogenized milk can 
be stored in the frozen state without protein flocculation or flavor deterioration. 

Reports on the use of agitation during the freezing of homogenized milk have 
not been found. However, experimental w’ork reported by Doan and Baldwin 
(9) indicates that the destruction of the fat emulsion in milk and cream frozen 
without agitation is caused by internal pressures developed in the congealing 
mass. This is a result of initial surface freezing followed by the expansion of 
water in the body of the product as it is converted to i(*e. Later, Doan and 
Leeder (10) reported that the internal pressure was greatly reduced, if not elimi- 
nated, and the fat emulsion of the product little affected when concentrated milk 
was partially frozen in an ice cream freezer with agitation and then filled into 
small containers for final freezing and storage. Civfl (8) analyzed the outer 
layer, the part which froze first, as well as the top, middle and bottom portions of 
the remainder of the sample and found that the central portion was richer in fat, 
casein, albumin globular sugar and chloride ion than the upper or lower portions. 
The outer layer was found to be the poorest in these constituents. Babcock et aL 
(3, 4) and Trout (13) have shown that when homogenized milk was frozen, the 
solid components tended to concentrate in the lower portion of the sample. Other 
studies (2, 11, 12, 14) have also shown that freezing and storage temperatures 
affect the physical character of homogenized milk. 

The present experiments were undertaken to determine the effect of agitation 
during freezing on the keeping quality of frozen homogenized milk. 

EXPERIMENTAL 

Homogenized milk with a fat content of 3.8 per cent pasteurized by holding 
at 155° F. for 30 minutes and packaged in paper containers by a commercial dairy 
was used. Quart samples were used to determine the efficiency of the agitation 
as shown by milk solids distribution. One-half pint samples were used to deter- 
mine keeping quality as shown by protein flocculation and flavor. 
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The samples were frozen and stored at about One half of the 

samples were placed in the fn‘ezer and kept in a stationary condition during 
freezing. The other half of the samples were frozen in tin* same freezer by plac- 
ing them in a box attached to a wheel which was revolved by a motor at the rate 
of 35 r.p.m. (figure 1). This group of samples then was rotated for 72 hours to 
insure that they would be frozen solidly before tliey were removed from the ro- 
tator. All but three of the quart samples wen* removed from the freezer shortly 
after freezing and divided, while in a frozen condition, into top, middle and bot- 
tom portions. Each part was thawed and analyzed for fat, i)rot(*in, total solids 



Pio. 1. Botator used for agitntiii)i' lioiiiojyeiiized milk during frooziii^. 


and ash content to determine the distribution of the milk solids. In addition to 
the chemical analyse.s, the milk solids distribution was verified by determining 
the freezing point of the respective portions of the thawed milk, (’homical anal- 
yses \rere made by methods described in a previous report (3). The freezing 
point was determined by using a Hortvet cryoscope in accordance wuth AO AC 
methods (1). The three quart samples were removed from the rotator after 
freezing and left in the freezer in a stationary upright position. They w’ere re- 
moved after 22, 39 and 82 days and divided while frozen into two equal portions. 
Each portion w^as analyzed for total solids, fat, and protein. The degree of 
separation in each portion also was determined. The half-pint samples were re- 
moved and thawed for examination at intervals of about 10 days, beginning w ith 
2 The thermostat controlling the temperature of the freezer had a sufficient lag to cause a 
maximum temperature variation of about 8® C. 
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the 56th day of storage. The degree of separation of the milk was measured 
by determining the amount of sediment in 50 ml. quantities by centrifuging as 
was done in previously reported experiments (2). Flavor determinations were 
made by a panel of three men experienced in milk judging. 

The effect of rotating during freezing on the distribution of solids in frozen 
homogenized milk is shown in table 1. When quart samples of homogenized milk 

TABLE 1 

Effect of rotating during freezing on the distribution of solids in frozen homogenized mUh as 
shown by chemical afidlysis and freezing point 


Sample 

number 

Method of 
handling 

Section of 
sample 

Freezing 
point after 
thawing 

Fat 

Protein 

Total 

solids 

Ash 




cc.) 

(%) 

(%) 

(%) 

(%) 

1 

Stationary 

Top 

-.397 

2.84 

2.54 

9.77 

0.58 



Middle 

-.511 

3.09 

3.06 

11.64 

0.71 



Bottom 

-.657 

3.97 

3.85 

14.68 

0.86 

2 

Stationary 

Top 

-.389 

2.80 

2.52 

9.55 

0.55 



Middle 

-.499 

3.18 

2.97 

11.60 

0.67 



Bottom 

-.674 

3.69 

3.95 

14.93 

OS.*) 

3 

Rotated 

Top 

-.500 

3.36 

3.11 

11.75 

0 70 



Middle 

-.527 

3.36 

3.23 

12.24 

0.71 



Bottom 

-.632 

3.47 

3.23 

12.36 

0.75 

4 

Rotated 

Top 

-.474 

3.20 

2.91 

11.22 

0.65 



Middle 

-.537 

3.52 

3.24 

12.36 

0.73 



Bottom 

-.539 

3.40 

3.25 

12.38 

0.73 

5 

Stationary 

Top 

-.383 

2.82 

2.44 

9.32 

0.55 



Middle 

-.499 

3.36 

3.02 

11.55 

0.69 



Bottom 

-.687 

4.42 

4.02 

15.38 

0.90 

6 

Rotated 

Top 

- .625 

3.65 

3.22 

12.23 

0.72 



Middle 

-.583 

3.99 

3.50 

13.39 

0.79 



Bottom 

-.422 

2.99 

2.64 

10.09 

0.61 

7 

Rotated 

Top 

-.442 

3.10 

2.68 

10.42 

0.61 



Middle 

-.533 

3.67 

3,11 

12.29 

0,73 



Bottom 

, -.590 

3.87 

3.49 

13.33 

0.79 

8 

Rotated 

Top 

-.524 

3.58 

3.21 

12.23 

0.73 



Middle 

-.540 

3.65 

3.14 

12.21 

0.73 



Bottom 

-.526 

3.63 

3.15 

12.16 

0.73 

9 

Rotated 

Top 

-.506 

3.54 

3.12 

11.81 

0.68 



Middle 

-.552 

3.78 

3.28 

12.60 

0.76 



Bottom 

-.520 

3.60 

3.15 

11.96 

0.71 


were rotated during freezing, the concentration of milk solids was practically 
the same in the top, middle and bottom sections. The control samples, which 
were frozen in a stationary position, gave results similar to those previously re- 
ported (3, 4) in that there was a tendency for the solids to settle toward the bot- 
tom. There was a greater concentration in the bottom third than in the middle 
third and a greater concentration in the middle third than in the top third. 
When the quart samples were rotated during freezing, the freezing point of the top, 
middle and bottom sections of the milk after thawing was practically the same. 
In those samples that were not rotated during freezing, the settling of the solids 
was reflected in the freezing point of the different sections of the milk. In each 
case the freezing point of the middle section was lower than the freezing point of 
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the top section and the freezing point of the bottom section was lower than that 
of the middle section. 

The effect of rotating during freezing on the distribution of solids in frozen 
homogenized milk after storage is shown in table 2. When homogenized milk 

TABLE 2 

Effect of rotating during freezing on the distribution of solids in frozen homogenized milh 

after storage 


Days in 
storage 


Total solids Fat 


Protein 


Sediment 
in 50 ml. 



Top 

Bottom 

Top 

Bottom 

Top 

Bottom 

Top 

Bottom 


(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(ml,) 

(ml.) 

22 

12.55 

12.37 

3.73 

3.68 

3.25 

3.22 

0.02 

0.02 

39 

12.07 

12.16 

3.62 

3.61 

3.15 

3.16 

0.02 

0.03 

82 

12.28 

12.17 

3.64 

3.61 

3.21 

3.14 

0.02 

0.03 


was rotated during freezing and then stored in a stationary upright position 
the milk solids remained evenly distributed throughout the milk for 82 days. 
This further confirms the results previously reported (4) that when homogenized 
milk w^as frozen, the concentration of the milk solids in the lower portion of the 
sample took place during the freezing process and apparently there "was no 
further movement of these solids after the milk was frozen. The degree of sep- 
aration was similar in the top and bottom sections of the milk. 

Having shown that rotating while freezing prevented a concentration of the 
milk solids in the bottom of the (piart container, the half-pint samples were used 
to determine the effect of rotation during freezing on the keeping qualities as in- 
dicated by flavor and the degree of separation. These results are shown in 
table 3. Agitation during freezing did not improve the keeping quality of 

TABLE 3 

Effect of rotation during freezing on the keeping quality of frozen homogenized milk 


Days in storage 

Method of handling 

Sediment 

Flavor 

56 

Stationary 

(ml./ 50 ml.) 

0.03 


70 

Stationary 

0.10 


77 

Stationary 

0.30 


85 

Stationary 

0.5 

Oxidized 

85 

Rotated 

0.9 

Oxidized 

92 

Stationary 

0.06 

Oxidized, stale 

92 

Rotated 

0.03 

Oxidized, stale 

97 

Stationary 

0.10 

SI. Oxidized, stale 

97 

Rotated 

0.35 

Oxidized, stale 

103 

Stationary 

1.4 

Oxidized 

103 

Rotated 

1.2 

Oxidized 

112 

Stationary 

1.4 

Oxidized, stale 

112 

Rotated 

1.5 

Oxidized, stale 

118 

Stationary 

1.6 

Oxidized 

118 

Rotated 

1.6 

Oxidized 


homogenized milk. Furthermore, separation, as shown by the amount of sedi- 
ment in 50 ml. portions, was not delayed by rotating the milk while freezing. 
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CONCLUSIONS 

When homogenized milk was agitated by rotating at 35 r.p.m. during freezing 
the chemical analysis and freezing point of various sections of the sample showed 
that the milk solids remained evenly distributed throughout the sample. 

Preventing the concentration of milk solids in the low’er portion of homo- 
genized milk by rotating it during freezing does not improve its keeping quality. 

Acknowledgement is extended to Blmina Dickson and Edith Giltner for 
assistance with the analyses. 
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THE EFFECT OF THE ADMINISTRATION OF VARIOUS FATTY ACIDS 
ON THE BLOOD KETONE LEVELS OF RUMINANTS^ 
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The widespread occurrence of ketosis in dairy cattle has made this a disease of 
practical as well as of theoretical importance. Considerable work has been done 
in viiro on the precursors of the ketone bodies, and some work has been done in 
vivo with laboratory animals, but very little has been done with ruminants. 
Since ketosis is a much greater practical problem in ruminants than in any other 
species, and since ruminants very often do not react in the same manner as smaller 
laboratory animals, it was deemed desirable to study this problem using ruminants 
as experimental animals. A preliminary report of this work appeared earlier 
in abstract form (12). 

REVIEW OP LITERATURE 


Jowett and Quastel (6) incubated normal saturated fatty acids containing 
two to ten carbon atoms' in the presence of liver slices. They concluded that the 
four, six and eight carbon compounds produced acetoacetic acid most readily, 
that the ten (*arbon acid was slightly less active and that acetic acid was 
considerably less active. Propionic acid did not form acetoacetic acid, and the 
other odd-numbered acids produced very small amounts. Medes ct al, (10) 
showed that ketone bodies arise as intermediates of acetate oxidation in animal 
tissues in vitro. Lelminger (7) has succeeded in obtaining liver suspensions 
which under the proper conditions readily oxidize all of the normal saturated 
fatty acids containing four to eighteen carbon atoms to yield acetoacetic acid 
as end product. 

MacKay et al. (8) fed acetic acid to a phlorhizinized dog and to fasting rats 
and demonstrated an increased production of ketone bodies. Swcndseid ei al. 
(13), using the heavy isotope of carbon, C'®, showed that acetic acid takes part 
in the synthesis of the acetone bodies in the fasting rat. Forbes (5) administered 
acetic acid to one goat and observed no increase in ketone body excretion. Mac- 
ifey ei al. (9) fed normal, saturated fatty acids with four, six, eight, and ten 
carbon atoms to rats and showed that all were ketogenic, even when adequate 
amounts of carbohydrate were fed. 


Baoeired for publication June 1, 1949. 

^ Theie data were taken from a thesis submitted by L. H. Schultz to the Graduate School 
of the University of Wisconsin in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

Published with the approval of the director of the Wisconsin Agricultural Experiment 
lUon. 
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More recently Phillipson (11) demonstrated that the lower fatty acids were 
important products of bacterial fermentation in the rumen, and that the acids 
produced were primarily acetic, propionic and butyric, with acetic predominating. 
These acids were shown to be absorbed directly into the blood stream from the 
rumen, reticulum and omasum. Folley and French (4) have shown that rumi- 
nant tissues apparently have a greater ability to metabolize acetate than do 
those from non-ruminants. 

EXPERIMENTAL PROCEDURE 

Various fatty acids were administered, either orally or intravenously, to goats 
and the blood ketone levels were followed. The animals used were four mature 
female goats which averaged 98 lb. in weight and had been in lactation about 
5 months. Except for one test where they were fasted, the goats were fed and 
handled normally. The goats were used at random in the course of the experi- 
ments. However, the fatty acids which gave positive results all were tested at 
one dosage level on the same goat to check the differences obtained in blood ketone 
levels. One study on acetic acid administration was made with a phlorhizinized 
goat. The goat used for this experiment was a young male castrate goat weighing 
60 lb. The animal was fed normally. One g. of phlorhizin dissolved in 3 ml. of 
propylene glycol was administered for 3 days prior to the study. The animal 
was placed in a metabolism cage and complete daily urine collections were made. 

The fatty acids used were acetic, propionic, butyric, caproic, caprylic, capric 
and oleic. Other organic acids tested were lactic and succinic. Corn oil also was 
used. For oral administration, the liquid fatty acids and the organic acids were 
diluted with 400 ml. of water and introduced into the rumen by means of a 
stomach tube. Solid fatty acids and corn oil were administered by capsule. 
Fifteen g. dosages were used first and then all of the experiments were repeated at 
least once using 30 g. dosages. For intravenous injections only acetic and butyric 
acids were used, and they were diluted with 250 ml. of physiological saline and 
injected into the jugular vein. A single 10 g. dosage was used for acetic and two 
dosages, one of 5 g. and one of 10 g., were used for butyric acid in the injection 
studies. 

Blood samples were taken immediately prior to the administration of sub- 
stances to be tested, and usually at 0.25, 0.5, 1, 1.5, 2, 3 and 4 hr. inter\'als after- 
ward. Normal values were determined for a 3-day period prior to the start of 
this study. They ranged from 1.1 to 4.0 mg. per cent total ketone bodies. 

Blood ketone determinations were carried out on a Folin-Wu (3) blood fil- 
trate according to the method of Behre and Benedict (1). The colorimetric 
determination of acetone in the distillate was carried out according to the method 
of Block and Bolling (2), using a Coleman spectrophotometer. All figures given 
represent total ketone bodies expressed as acetone. 

RESULTS AND DISCUSSION 

Contrary to the results obtained by other workers with tissue slices and with 
intact rats and dogs, acetic acid showed no definite ketogenic activity when ad- 
ministered orally to goats, as determined by following blood ketone levels. It is 
recognized, however, that our experiments were set up somewhat differently 
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TABLE 1 

Total blood krtonv hveh following oral adminintraiion. of acetic acid to normal, fasted 

phlorhieinieed goats 


Normal Fasted Phlorhizinized 


Time 

Amt. administered 

Amt. administered 

Amt. administered 

administration 

15 g. 

30 g. 

15 g. 

30 g. 

30 g. 


Total blood ketones 

Total blood ketones 

Total blood ketones 

(//r.) 

0»g. %) 

{mg. %) 

{niO‘ %) 

( ing. % ) 

(mg. %) 

0 

1.5 

1.3 

1.9 

1.2 

2.7 

0.25 

1.9 

1.5 

2.9 

0.9 

3.0 

0.5 

1.5 

3.4 

1.1 

0.8 

2.8 

1 

2.2 

3.9 

1.2 

1.0 

2.1 

1.5 

o 

2.5 

4.0 

3.8 

3.3 

1.8 

1.1 

2.9 

:i 

1.6 

1.4 

1.8 

1.7 

3.9 

4 

1.9 

1.2 

2.3 

1.8 

4.1 


than those in which rats and dogs were used. As shown in table 1, acetic acid 
was given in 15 and HO g. doses to goats fed normally and to goats which had been 
fasted for 36 hr. No significant changes were noted in blood ketone levels in any 



Fro. 1. The effect of oral administration of SO g. of various fatty acids on the blood 
ketone level. 
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of the trials. The goat which had been treated with phlorhizin was excreting 35 
to 40 g. of sugar daily, but the blood sugar values were within the normal limits. 
Again no significant changes were noted in blood ketones following acetic acid 
administration, as shown in table 1. 

The fatty acids containing four, six, eight and ten carbon atoms caused 
definite increases in blood ketones following administration. Four trials were 
made on butyric acid and at least two on each of the other acids. Figure 1 



Fio. 2. The effect of intravenous injection of acetic and butyric acids on the blood ketone 
level. 

shows the results of the 30 g. dosage level when each of the four acids was ad- 
ministered to goat no. 45. Butyric caused the most rapid increase in blood ke- 
tones, the peak being reached in 0.5 hr., and the values returned to normal more 
rapidly than in the case of the other acids. Peaks of blood ketones were reached 
in about 1 hr. for the other acids. Oaproic acid caused the greatest rise in blood 
ketones and capric the least, with butyric intermediate. This was the general 
observation in all of the tests, although there were some trials where butyric 
caused a greater increase than caproic. In general, the longer the acid chain 
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the longer it took for the blood values to return to normal. In most cases the 
values were back to normal in 3 to 4 hr. 

Essentially the same results were obtained by intravenous injection of acetic 
and butyric acids as with oral administration, indicating that the rumen micro- 
organisms were not involved in the results obtained from oral administration. 
As shown in figure 2, 10 g. of acetic acid injected intravenously caused no change 
in blood ketone levels beyond the normal variations. Butyric acid, on the other 
hand, in both 5 and 10 g. dosage levels, caused definite and rapid increases in 
blood ketones, maximum values being reached in 15 min. Smaller amounts were 
needed intravenously than orally to give comparable increases in blood ketones. 

Several other fatty or organic acids, as well as corn oil, were tested for 
ketogenic activity with essentially negative results. Table 2 shows the total blood 

TABLE 2 

Totckl blood Iceione levels following oral administration of miscellaneous acids and corn oil 


Substances administered (30 g.) 


Time 

after 

administration 

Propionic 

acid 

Lauric 

acid 

Oleic 

acid 

Lactic 

acid 

Succinic 

acid 

Corn 

oil 



Total blood ketones 



(Hr.) 

{wg- %) 

(mg. %) 

(mg, %) 

(mg. %) 

(mg. %) 

(mg. %) 

0 

3.3 

2.4 

4.4 

2.2 

1.1 

2.8 

0.5 

1.0 

2.4 

4.0 

3.3 

1.1 

2.7 

1 

'1.8 

2,8 

3.2 

2.1 

1.0 

3.0 

2 

1.4 

3.4 

3.2 

1.0 

0.8 

2.5 

3 

1.7 

3.3 

2.0 

1.3 

0.8 

2.4 

4 

1.8 

4.4 

1.2 

1.6 

0,8 

2.7 


ketone levels following oral administration of 30 g. dosages of six different sub- 
stances. Propionic acid caused no perceptible increase, thus confirming work 
with tissue slices and laboratory animals. Laurie acid gave negative results 
under the conditions of this study. Oleic acid failed to cause any increases in 
blood ketones. Lactic and succinic acids, as well as corn oil, also showed negative 
results. 

SUMMARY 

The oral administration of acetic acid is fasted, non-fasted or phlorhizinized 
goats did not result in an increase in blood ketones. Butyric, caproic, caprylic 
and capric acids administered orally caused increases in blood ketones of 5 to 10 
mg. per cent. Maximum levels of ketones were usually reached in 15 min. for 
butyric acid and in 1 hr. for the other three acids. The greatest increases were 
observed with but}Tic and caproic acids. Values returned to normal in about 3 
hr. Propionic, lauric, oleic, lactic or succinic acids, administered in equivalent 
amounts, caused no significant rise in blood ketones. Corn oil also gave negative 
results. 

Intravenous injection of acetic or butyric acids gave results similar to oral 
administration. Acetic acid caused no significant changes, while butyric acid 
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caused rapid increases in blood ketones. Less acid was needed intravenously thui 
orally to give comparable increases in blood ketones. 
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TUB COMPARATIVE VALUE OF CHOCOLATE AND WHOLE MILK 
AS A SOURCE OF RIBOFLAVIN FOR THE RAT 

(\ W. GEHRKE,! L. (\ THOMAS, M. R. SHPJTLAR,^ and T. CHITWOOD < 
Drpartmenf of Biology and Chemistry, Missouri Valley College, Marshall, Missouri 

Several reeent investigations have shown that the photochemical destruction 
of riboflavin in milk is quite rapid. Peterson et al, (1) found losses of riboflavin, 
as detected by the fluorometric procedure, in pint glass bottles of whole milk ex- 
posed to direct sunlight of 28, 50, 66 and 72 per cent after 30, 90, 120 and 210 
minutes of exposure, respectively. Similar reports were given by Ziegler (4). 
Shetlar et al. (2) reported that chocolate milks lose riboflavin very slowly w'hen 
exposed to sunlight, the average loss of riboflavin after 4 hours for five different 
brands being about 12 per cent as compared to a loss of 80 per cimt for whole 
milk. Warner and Sutton (3) recently reported that calves fed on a photolyzed 
whole milk diet developed characteristic riboflavin deficiency symptoms. The re- 
ports by the above authbrs indicate the importance of preventing the exposure 
of milk to sunlight with the resultant inactivation of part of the riboflavin. Loss 
of riboflavin in whole milk due to light exposure easily could result in at least 
a partial riboflavin deficiency. Chocolate milk as manufactured (*ompares favor- 
ably to whole milk in riboflavin content as determined by the fluorometric pro- 
cc<lure developed by Shetlar (t al. (^2). The much slower photochemical loss of 
riboflavin in chocolate milk perhaps is due to the extra proteidion afforded by 
the added cho<*olate. This would indicate that chocolate milk might provt* advan- 
tageous if the milk during delivery was subjected to much exposure to light, pro- 
vided that the chocolate docs not interfere with the assimilation of riboflavin after 
consumption. 

The common substitution of chocolate milk for whole milk in the diet, espe- 
cially of children, has been of concern to nutritionists until it could be established 
that no vital deficiency resulted from the substitution. (Consequently, it seemed 
desirable to check biologically the comparative value of chocolate milk and whoh* 
milk as a source of riboflavin. 

EXPKRI M EXTAL M ETHODS 

The white rats used were sehHrted within an inbred t*olony descended from a 
single pair after 3 years of inbreeding. Both males and females w’cre used and 

Received for publication March IG, 1949. 
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all were put on experiment at the time of weaning, when weights varied from 48 
to 52 g. and average weight of the 22 animals was 48.9 g. 

The animals were given a basal diet^ of the following percentage composition : 
sucrose, 68 ; vitamin-test casein, 18 ; vegetable oil, 10 ; U.S.P. salt mixture no. 2, 4. 
The basal diet was a vitamin B-eomplex test diet nutritionally complete but free 
of the vitamin B-complex and vitamins A and D. The daily vitamin supplement 
of 20 y thiamine, 20 y pyridoxine, 6 mg. choline chloride, and 200 y calcium panto- 
thenate was dissolved in 1 ml. of a 25 per cent ethanol solution ; this was pipetted 
into small dishes and given separate from the ration. As a source of vitamins A 
and D, three drops of halibut liver oil were given once weekly to each animal. 
One ml. of a 25 per cent ethanol solution containing 20 y of riboflavin was given 
daily to the positive control group. 

The experimental animals were given 10 ml. of whole or chocolate milk daily 
as a riboflavin supplement. This compares favorably with the amount of ribo- 
flavin given to the positive control group, since whole and chocolate milk con- 
tain approximately 2 y of riboflavin per ml. The animals were housed in indi- 
vidual wire cages having 0.5-inch mesh screen bottoms. 

In series 1, six rats which served as the negative control group were fed a 
complete basal diet except for the absence of riboflavin. This series was depleted 
of riboflavin for 42 days. The period of depletion w’as determined by the char- 
acteristic symptoms of riboflavin deficiency, such as muscular incoordination, 
keratitis and alopecia. At the end of the depletion period this series was 
divided into lots 1 and 2, each containing three rats. Lot 1 was given 10 ml. of 
whole milk daily as a supplement for 23 more days. Lot 2 was given 10 ml. of 
chocolate milk daily as a supplement for the same period. Recovery from their 
characteristic symptoms of riboflavin deficiency would indicate the supplement 
to be a satisfactory source of riboflavin. 

In series 2, six rats, constituting the positive control group, were fed the same 
basal diet as series 1 except that the diet was supplemented with 20 y of ribo- 
flavin daily. Two of these rats died early in the experiment. 

In series 3, six rats were fed the same basal diet as lot 1, except that 10 ml. 
of whole milk was given daily as a supplement from the beginning of the experi- 
ment. 

In series 4, six rats were fed the same basal diet as lot 2, except that 10 ml. of 
chocolate milk was given daily as a supplement from the beginning of the experi- 
ment. 

The absence of any evidence of riboflavin deficiency in either series 3 or 4 
would indicate that the supplements were a satisfactory source of riboflavin. 

The rats were weighed three times a week and the average weight of the rats 
in each series was calculated. Parallel records for each series were made for 39 
days, after which series 2, 3 and 4 were taken out of the experiment and series 
1, as lots 1 and 2, was continued on experiment for 23 more days. The effect on 
growth was used as the criterion for the measurement of the availability and as- 
similation of riboflavin by the rats. 

* General Biochemicals, Inc., Chagrin Falls, Ohio. 
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RESULTS 

The data from this series of experiments are expressed ^graphically in fig. 
1. The data show that when the rats were weaned, unless milk was given im- 
mediately along with the solid food, they lost weight for a few days until they 
learned to take the solid food. Therefore, each growth curve has to be adjusted 
for this loss by calculating the rate of growth over the period during which 
there was a continued increase in weight. 



Fiq. 1. Th« valiu* of chocolnto and whole milk as a source of ribofl:n'in in the diet of the 
rat. 


While the rate of growth is not a constant but decreases slightly as the 
growth approaches the limit of maturity, if the sectors covered in the experiment 
are not too great, a straight line will approximate the curve using the average 
daily gain as the rate. Using the positive control group, series 2, to obtain the 
normal growth curve, the equation y-2,4{x-4) -^42 is obtained, where 2.4 is 
the average daily gain in g., jr is the age of the rat in days, x - i adjusts for the 
initial loss of weight for the ages recorded in days from w’hieh the experiment be- 
gan, 42 is the initial weight and y is the weight in g. of the rat at age x-4 in 
days. 

On the basis of the above equation the expected curves for experimental series 
3 and 4 can be plotted, provided the necessary riboflavin is in the supplements. 
A deviation from this expected curve would indicate deficiency of this vitamin. 
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This equation is : 2/ - 2 Ax + iS, Superimposing the actual curves on this by plot- 
ting the observed data, using triangles for the whole milk, series 3, and circles 
for the chocolate milk, series 4, both series show a very good fit to the expected 
curve. The results show that chocolate milk, as well as whole milk, is an adequate 
supplement as a source of riboflavin in the diet of the rat at the levels investi- 
gated. Possibly some difference might have been found at a riboflavin level too 
low to support optimum growth ; however, this possibility was not investigated in 
this work. 

The negative group, series 1, made very little gain during the 42 days they 
were on the deficient diet and developed symptoms of vitamin deficiency, such as 
sore eyes and rough coat, indicating a severe deficiency of riboflavin. The 
average daily gain was only 0.4 g. per day. This period of their life can be repre- 
sented by the curve: y-0A{x-2) -h43, A remarkable change took place w^hen 
chocolate or whole milk was added to their diet at the end of 42 days. They im- 
mediately began to gain at an accelerated growth rate that tended to compensate 
for the retarded condition. Using the same symbols for the whole milk lot 1 and 
the chocolate milk lot 2 as before, the average weights coincide a surprising num- 
ber of times. Both curves fit very closely to that expressed by the equation : 
y^3.2(x-42) \ 59. 

SUMMARY AND CONCLUSIONS 

The comparative value of chocolate and whole milk as a source of riboflavin 
for the rat was investigated. Rats fed chocolate milk had the same rate of growth 
as rats fed whole milk when both milks were added to a basal diet deficient only 
in riboflavin. The rate of growth of rats receiving the basal diet supplemented 
with either milk also was the same as that of rats receiving supplements of crys- 
talline riboflavin. Therefore, at the level of feeding used in this experiment, 
chocolate milk contains enough biologically available riboflavin to insure maxi- 
mum growth of the rat. No evidence was found to indicate that the added choc- 
olate interferes with the biological availability of riboflavin. 
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THE INSTABILITY OP ASCORBIC ACID IN WATER, WITH ADDED 
COPPER OR HYDROGEN PEROXIDE OR BOTII> 


B. W. BELL ANO T. J. MUCHA 

Division of Dairy Products Research Laboratories, Bureau of Dairy Industry, 
AgrUniHural Research Administration, V. S. Department of Agriculture, 
Washington SS, D. C, 

Results obtained in our laboratories caused us to suspect that impurities in 
the water from a laboratory still w^ere hastening? the oxidation of ascorbic acid 
solutions. They led us to investijrate the effect of different factors, particularly 
the source of the water, upon the stability of ascorbic acid solutions. A water so- 
lution of ascorbic acid is used in standardizing the dye, 2,6-dichlorophenol- 
indophenol, with which the amount of this form of vitamin C in milk and in 
other fluids can be determined. 

Water from the laboratory still was obtained by evaporating tap water in a 
reservoir indirectly heated by steam, collecting the condensate in large earthen- 
ware jar.s, and then drawing it from a tin lined bronze faucet through 12 to 14 
feet of tin lined iron pipe. However, the condensate came in contact with brass 
couplings w'hich contain a high proportion of copper. 

The concentration of ascorbic acid in the various water solutions and in the 
milk was determined by 'titration in acid solution (sulfuric) with 2,6-dichloro- 
phenoliiidophenol (4, 14). 

Jn figure 1 are showm the rates of oxidation of ascorbic acid at 30® C. in (a) 
water distilled in pyrox glassw^are, (b) water from the laboratory still, and (c) 
w'atcr from the laboratory hot water tap. The amounts of ascjorbic acid in these 
waters, immediately after its addition, w'cre 19.9, 20.0 and 1(5.5 mg./l., respec- 
tively. Also shown in this figure are the rates of oxidation of ascorbic acid dis- 
solved in glassware-distilbnl water in approximattdy the same concentration with 
0.15 and 0.5 p.p.m. of copper added. The crystalline ascorbic acid was dissolved 
in a small volume of glassware-distilled w ater ; the copper, in the form of copper 
sulphate, w^as added in a standardized solution. These solutions were added to 
glassware-distilled water at 30® C., made up to the desired volume and mixed by 
pouring from one flask to another. 

The rate of oxidation of ascorbic acid in the tap water was faster than in the 
glassw^are-distilled water to which 0.5 p.p.m, of copper had been added. When 
as little as 0.15 p.p.m. of copper was added to the glassware-distilled w^ater, 83 per 
cent of the ascorbic acid was oxidized within 60 minutes. 

The acid intensity (pH) and oxidation-reduction potential (Eh) of a solution 
influence the rate of oxidation of ascorbic acid. The former was shown by 
Barron, DeMeio and Klemperer (2), the latter by Kenny (8). Other things 
being equal, the rate of oxidation of asi^orbic acid is faster in an alkaline than 
it is in an acid solution. Of two ascorbic acid solutions that are similar except 

Beoeived for publication May 23, 1949 
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that one has a higher Eh than the other, the ascorbic acid in the former will be 
less stable than in the latter. 

Repeated pH and Eh measurements of water from the glassware still, the labora- 
tory still and the hot water tap gave surprisingly constant values, even though 
the waters were poorly buffered and poised. On the average, the addition of 
20 mg. of ascorbic acid to a liter of tap water lowered the pH to 7.5 from 7.7. 
The Eh was then + 0.41. When the glassware-distilled and laboratory still waters 
were similarly acidulated their pll values decreased nearly 2 units or from about 
6.6 to 4.6. However, their Eh values were i 0.41 and + 0.34, respectively. Be- 
cause of the Jack of buffering and poising of these solutions, these values must be 
considered only relative rather than absolute. 



Fio. 1. Rate of ascorbic acid oxidation in 30” C. in pyrex glassware-distilled water, iii 
water from a laboratory still, in tap water, and in glassware-distilled water plus added copper: 
(1) Glassware-distilled water plus 19.9 mg. of ascorbic acid per 1.; (2) water from a laboratory 
stiU plus 20.0 mg. of ascorbic acid per 1. ; (3) tap (hot) water plus 16.5 mg. of ascorbic acid 
per 1.J (4) No. 1 plus 0.15 p.p.m. of copper; and (5) No. 1 plus 0.50 p.p.m. of copper. 

Impurities in the water from the hot water tap caused the ascorbic acid to 
oxidize rapidly. This water contained 0.12 p.p.m. of copper, 0.85 p.p.m. of iron, 
and, as indicated by the milkiness of the water when it was first drawn, con- 
siderable dissolved oxygen. The chlorides test with silver nitrate was positive. 
The iodine test for chlorine was negative. 

The amount of copper in the tap water and in water from the laboratory still 
was measured by an all-dithizone method using a spectrophotometer (3, 12), and 
of iron® by reduction with zinc and titration with potassium permanganate (1). 

*Wc are indebted to H. S. Haller of these l.nlmraturies for the copper and iron deter- 
minations. 
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Water from the laboratory still contained only a trace of copper ( < 0.01 p.p. 
m.) . The chlorides test was negative. 

Barron, DeMeio and Klemperer (2) reported that “among the metallic salts 
tested (Mn, Ni, Fe, Co, Ca, Cu), copper is the only catalyst for the oxidation of 
ascorbic acid, its catalytic action being noticed in concentrations as small as 
46 micrograms of copper per liter.” This is equivalent to 0.046 p.p.m. Mapson 
(11) has shown that the complete removal of copper from a solution renders 
ascorbic acid stable to O.^. 



Fig. 2. of doueratioii on the rate of ascorbic acid oxidation in pyrex glasswarO' 

distUled water at 30® C. when hydrogen peroxide or copper or both were added: ( 1 ) Un 
deaerated glassware'distilled water plus 20.0 mg. of ascorbic acid per 1.; (2) same as No. J 
plus 0.03 ml. of 30% H 3 O, per 1.; (3) same as No. 1 plus 0.3 p.p.m. of copper; (4) same as 
No. I plus 0.03 ml. of 30% HaO* per 1. and 0.3 p.p.m. of copper; (5) deaerated /^lassAvarc dis- 
tilled water plus 20.0 mg. of ascorbic acid per 1. and redeaerated; ( 6 ) same as No. 5 plus 0.03 
ml. of 30% HsOs per 1. after the first deaeration; (7) same as No. 5 plus 0.3 p.p.m. of copper 
after the first deaeration; ( 8 ) same as No. 5 plus 0.03 ml. of 30% IljOa and 0.3 p.p.m. of cop- 
per after the first deaeration. 


In figure 2 are shown the rates of oxidation of ascorbic acid (20.0 mg./l.) in 
undeaerated and in deaerated glassware-distilled water, without and with added 
copper or hydrogen peroxide or both. In preparing the latter solutions, the 
glassware-distilled w-ater was deaerated by heating it to a temperature (50° C.) 
at which it would boil when under the vacuum (13) ; then the vacuum was 
broken, the warm water poured into a large beaker, a small volume of concen- 
trated ascorbic acid added and the copper or hydrogen peroxide or both, if re- 
quired, and the solution redeaerated. Thus the fluid was deaerated twice. 
During the second deaeration and about 30 minutes thereafter the reacting 
temperature was warmer than 30° C. In order to prevent reiucorporation of 
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air, each 10 ml. for titrating was drawn into a pipette from the deaerating col- 
lecting flask. 

In the course of an hour there was less than 30 per cent destruction of the 
ascorbic acid in the undeaerated solution to which hydrogen peroxide had been 
added. However, the ascorbic acid was oxidized quickly in the presence of as 
little as 0.3 p.p.m. of copper and at an even faster rate when 0,03 ml. of 30 per 
cent hydrogen peroxide per liter of water also was added. 



Fio. 3. Rat© of ascorbic acid oxidation of 30® C. in fresh raw milk, in pyrex glassware- 
distilled water, in their mixtures, and in equal parts of milk and water from a laboratory' still, 
and in fresh raw milk with added copper, or both: (1) Fresh raw milk containing 16.1 
mg. of ascorbic acid per 1.; (2) glassware'distilled water plus 20.9 mg. of ascorbic acid per 1. ; 

(3) equal parts raw milk and glassware-distilled water plus 12.0 mg. of ascorbic per 1.; 

(4) equal parts of fresh raw milk and water from the laboratory still plus 12.0 mg. of ascorbic 
acid per 1.; (5) No. 1 plus 0.3 pp.m. of copper; (6) No. 1 plus 0.03 ml. of 30% hydrogen per- 
oxide per 1.; (7) No. 1 plus 0.3 p.p.m. of copper and 0.03 ml. of 30% per 1. 

In figure 3 are shown curves that illustrate the rate of oxidation at 30° C. 
of ascorbic acid in fresh raw milk, in glassware-distilled water, and in a 1 : 1 
mixture of the two under comparable temperature, indirect light and air incor- 
porating conditions. Others (6, 15) have shown the rate of destruction of 
ascorbic acid in milk protected from direct light and from copper contamination. 

Also shown in figure 3 are the rates of oxidation of ascorbic acid in a mixture 
of equal parts of fresh raw milk and of water from the laboratory still, fresh 
raw milk with 0.3 p.p.m. of added copper, fresh raw milk to which 0.03 ml. of 80 
per cent hydrogen peroxide per liter of milk had been added and also fresh 
raw milk to which both copper and 30 per cent hydrogen peroxide had been 
added in these proportions. 
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Early investigators of the oxidized flavor in milk (7, 17) believed that the 
destruction of ascorbic acid and the development of the oxidized flavor was in- 
fluenced by an enzyme which occurs naturally in milk. In more recent publica- 
tions Krukovsky (9) and Krukovsky and Guthrie (10) presented evidence to 
show that a promotor (an enzyme) of ascorbic acid oxidation in milk by hydrogen 
peroxide might be responsible for quick conversion of ascorbic acid to dehydro- 
ascorbic acid. The prcs(‘nce of an enzyme in the water used in our experiments 
w’as precluded by the sources of the water. Copper was a key factor in the oxida- 
tion of the acid and, when hydrogen peroxide also was added to the solution, 
the ascorbic acid oxidized rapidly. 

Milk produced by cows on a normal ration contains about 0.15 mg. of copper 
per liter (5). Milk al.so contains about 5.4 p.p.m. of oxygen (15). 

On the first page of their article, “Quantitative Determination of Dissolved 
Oxygen Sharp, Hand and Guthrie (16), in describing the standardization 
of the dye solution to be used for titrating milk to determine its ascorbic acid 
content, direct as follows: ‘"Weigh accurately approximately 100 mg. of ascorbic 
acid, place in a 1-liter volumetric flask, and make up to volume with distilled 
water. Mix thoroughly and use at once for .standardizing.^^ In an earlier pub- 
lication Sharp (14) directs that the ascorbic acid solution be used at once for 
standardizing the dye (2,6-dichlorophenolind()phcnol) solution. 

The significance and importance of titrating at once is emphasized by the 
results presented in figu^^e 1. A dye factor based upon the ascorbic acid con- 
tent of* an unstable solution might be inaccurate. Since ascorbic acid is likely to 
be used in increasing amounts for retaining the fresh flavor of milk (18), the 
importance of correctly standardizing the dye solution that is used in measuring 
the ascorbic acid content of milk becomes apparent. 

CONCLUSION.S 

Water may contain impurities that accelerate the oxidation of ascorbic acid. 

A.scorbic acid is stable for more than an hour in pyrex glassware-distilled 
water and relatively unstable in glassware-distilled water to which hydrogen 
peroxide has been added. It is unstable when these solutions contain copper. 

Three-tenths p.p.m. of co])per is sufficient to cause the rapid oxidation of 
ascorbic acid in glassAvarc-distilled water. 

Only pure water should be used in preparing an ascorbic acid solution that 
is to be used in standardizing the dye, 2,6-dichlorophenolindophenol, wdth which 
the ascorbic acid content of milk and other fluids can be measured in acid solution 
by direct titration. 
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DEFERMENT OP AN OXIDIZED FLAVOR IN FROZEN MILK BY AS- 
CORBIC ACID FORTIFICATION AND BY HYDROGEN PEROXIDE 
OXIDATION OP THE ASCORBIC ACID OP THE FRESH MILK^ 

R. W. BELL AND T. J. MUCHA 

Division of Dairy Vroducis Eesearch Laboratories, Bureau of Dairy Industry, Agricultural 
Jtcsearch Administration, U. S. Department of Agriculture, Washington 25, D. C. 

Two outstanding reasons why milk has not been preserved in the frozen state 
on a larger commercial scale are the development during storage of the flavor 
defect usually known as oxidized and the deterioration in body as eviden(»ed by 
uneven distribution of insoluble solids in the thawed milk. The former will be 
considered here. 

Krukovsky and Guthrie (3) found that the reaction which produces the 
‘Hallowy’* (oxidized) flavor could be inhibited by quick and complete photo- 
chemical or chemical oxidation of ascorbic aci<l in the milk to dehydroscorbic acid 
prior to pasteurization and storage. Their samples were stored at 0 to 5° C,’. and 
were examined usually over a period of about a week. 

Whether the characteristic oxidized flavor which develops in frozen milk has 
its origin in the same source as does the oxidized flavor in unfrozen milk is not 
known. It has be<Mi detected in thawed milk after a storage period of only 2 or 
3 weeks (1), and the sour^»e is thought to be the same. 

The questions which the present investigations undertook to answer were ho\N 
long the onset of the (diaraeteristie oxidized flavor could be delayed in frozen 
storage by chemical (hydrogen peroxide) oxidation of ascorbic acid in the fresh 
milk, and whether fortification of the fresh milk with ascorbic acid would be as 
effective. 

The general methods that were used have been described i)reviously (1). 
The milk was pasteurized in stainless steel containers by holding it at 71® C. for 
not less than 15 seconds, homogenized at 2,500 lb. pressure per square inch, and 
cooled at once. During this processing the milk was exposed briefly to copper 
because some of the tin had worn off the short lengths of pipe leading to and 
away from the homogen izer and off the small surface cooler. The ascorbic acid 
was added just prior to packaging the milk, the hydrogen peroxide just before 
or after pasteurization. Fresh samples were held in pyrex flasks at 2 to 4® C. ; 
others were canned and stored in a room that w^as maintained at - 17® C-, and 
examined as indicated in the tables. 

The initial ascorbic acid titrations referred to in table 1 were completed 
within an hour after the samples were prepared, the oxidation-reduction (Eh) 
measurements within the next 2 hours. The Eh of the fresh milk was low and 
the milk was well poised. During the next few’ days in cold storage the ascorbit* 
acid in the samples held at 2 to 4® 0. oxidized, the Ej, be<*ame more positive and 

Received for publicntion Ma^ 23, 1949. 

1 This work was done with funds from the Agrieiiltural Re»enrt*h and Marketing Act of 
1946. 
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some of the samples developed a trace to an almost strong oxidized flavor. As 
was anticipated by the findings of Krukovsky and Guthrie (3) the milk D to 
which 0.03 ml. of 30 per cent hydrogen peroxide per liter of milk was added 
did not become oxidized in flavor; samples of this same milk to which ascorbic 
acid was added {E and F) did, F to a greater intensity than E, even though it 
had a lower initial Kj,. 

After 14 days at -17^^ C. the thawed control sample was just beginning to 
taste oxidized; B and C, ascorbic acid fortified milks, had a normal flavor; Z>, 
to which hydrogen peroxide was added, was unchanged ; E and F tasted oxidized. 
Of the remaining five milks, only */ was judged normal. However, after 56 days 
at ~17® C. all of the milks in the series including C and D were oxidized to a 
greater or lesser degree; C, which originally contained 54 mg. of ascorbic acid 
per liter of milk, being less oxidized than 2). 

It is well known that copper catalyzes changes in milk w’hich cause the oxi- 
dized flavor. The data in table 2 re-emphasize this fact and are evidence that 
hydrogen peroxide delays, but does not prevent, the development of this off 
flavor in frozen milk. Hand drawn, uncooled morning milk w’as utilized. The 
milk was divided into three parts. One (A) was pasteurized, homogenized and 
cooled as usual. The ascorbic acid content of the fresh, raw’ milk was 21.2 
mg./l., that of the pasteurized product immediately after being cooled w^as 20.6 
mg.^1. In preparing the second part (B) 0.03 ml. of 30 per cent hydrogen 
peroxide was added per liter of raw milk. In a few minutes the milk contained 
only 2.1 mg. of ascorbic acid per liter; after pasteurization, it contained none. 
Part three (C) was prepared by first combining e(|ual parts of fresh raw milk 
and fresh raw milk to which 0.03 ml. of 30 per cent hydrogen peroxide per liter 
had just been added. Finally, copper in the form of copper sulphate w^as adih^d 
at the rate of 1.0 p.p.m. to each of these three pasteurized milks, thus forming 
milks Dy E and F. The ascorbic acid content and Ej, of these six milks were 
determined within 3 hours after the samples w^ere placed in 2 to 4° C. storage 

The heated*’ flavor noted in table 2 ought not to be interpreted as “cooked.” 
It was of mild intensity and not readily detectable. At one stage it was de- 
scribed as slight almond. In that part of this experiment (B) in w’hich 30 per 
cent hydrogen peroxide was added at the rate of 0.03 of raw milk, the 

onset of the oxidized flavor w’as deferred longer than 55 days. The oxidized 
flavor that developed in milks D, E and F was particularly objectionable. It was 
unclean and somewhat rancid. 

Table 3 shows the relationship between the amounts of ascorbic acid added 
to pasteurized milk and of 30 per cent hydrogen peroxide added to the milk before 
or after pasteurization and the development of the oxidized flavor under two 
conditions of storage. Heavy fortification with ascorbic acid protected the flavor 
of the milk more effectively than did the addition of 30 per cent hydrogen 
peroxide. 

In experiment 4, as reported in table 4, pasteurized milk was fortified heavily 
with ascorbic acid, and 30 per cent hydrogen peroxide was added to separate 
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portions of the raw milk in carefully j^raduated amounts rather than by dilution 
in sequence of milk containing a large amount of added hydrogen peroxide with 
normal milk. Immediately after each addition of hydrogen peroxide the amount 
of ascorbic acid was 15.5, 3.7, 4.9, 7.0 and 16.5 mg./l., and of dcdiydroascorbic 
acid it was 8.2, 19.8, 18.1, 16.2 and 7.3 mg./l., respectively. Thus the total vita- 
min C at this time, regardless of the amount of hydrogen peroxide that was 
added, was approximately the same. 

The initial data in the table were obtained 2 to 4 hours after the milks had 
been pasteurized and stored. Five days later, among the samples maintained 
at 2 to 4° C., only A, By C and D contained any vitamin C. It was the oxidized 
form (2). Sample C, the most heavily ascorbic acid-fortified milk, had a normal 
flavor at this time. Samples D to Jf, inclusive, tasted old and somewhat stale, 
but not oxidized. 

After 27 days at - 17® C., only thawed samples B and C contained ascorbic 
acid. Samples A, B and C contained 3.5, 4.9 and 7.0 mg. of dehydroascorbic acid 
per liter, respectively ; the other samples contained none. Sample A tasted oxi- 
dized, B slightly oxidized, and C, the most heavily ascorbic acid fortified milk, had 
a normal flavor. Samples I) to Hy inclusive, to which 30 per cent hydrogen 
peroxide had been added at the rate of 0.015 to 0.150 ml./l. of raw milk, were oxi- 
dized or strongly oxidized. 0 and // also had a slight but definite almond flavor 
due to the relatively large amounts of hydrogen peroxide that were added to the 
raw milk. 

Twelve days later the samples were found to have changed in the usual way. 
The vitamin C content of A, B and C was decreasing, their E;* was increasing and, 
except for C, the intensity of the oxidized flavor was the same or somewhat 
greater. C no longer had a normal flavor ; an oxidized flavor was detectable. 

In this experiment, as well as in others in which 30 per cent hydrogen per- 
oxide was added and a strong oxidized flavor developed, the flavor was also 
talUwy. These samples were more objectionable than w’ere those which, although 
fortified with ascorbic acid, became oxidized or strongly so. 

DISCUSSION AND CONCLUSIONS 

It ought not to be implied from the work of Krukovsky and Guthrie (3, 4) on 
market milk stored at 0® to 5® C. that a rapid, complete oxidation of vitamin C 
in milk by hydrogen peroxide prevents the development of an oxidized flavor 
indefinitely. The results reported here indicate that, when such milk is preserved 
in frozen storage, this characteristic off flavor will be detectable eventually. From 
a chemical standpoint this is to be expected, if the flavor is due to a mild oxida- 
tive reaction. Whenever a physico-chemical system tends to have a higher oxida- 
tion-reduction potential, the more easily oxidizable constituents (for example, 
ascorbic acid in milk) wdll tend to oxidize. Free oxygen is not essential because 
oxidative changes can take place without its participation, merely by transfer 
of electrons from reductants to oxidants. So long as this can go on, as it can 
even in frozen milk, the system will be unstable and tend toward a higher poten- 
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tial. The addition of ascorbic acid to milk lowers the oxidation-reduction po- 
tential, the milk is more static and its tendency to develop the oxidized flavor 
is decreased. 

Ascorbic acid, a stronjj^ reducing? ajreiit, is almost ideal for lowering the Bh 
of milk. It is a natural constituent of milk; it is one of two equally biologically 
active forms of vitamin C ; it does not alter the flavor, nor does it appreciably 
increase the acid intensity of the system. Furthermore, it is inexpensive. How- 
ever, its tendency to oxidize is relatively great. Added to market milk, ascorbic 
acid is effective in delaying, and usually in preventing, the onset of the oxidized 
flavor during the life of the product. In frozen milk, which has a longer com- 
mercial life than market milk, ascorbic acid defers or delays but does not prevent 
the defect. This is also true of hydrogen peroxide when it is added to milk that 
is to be preserved in a frozen state. 
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THE BBLATION OF PEDIGREE PROMISE TO PERFORMANCE OF 
PROVED HOLSTEIN-PRIESIAN BULLS‘ 
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/Atboratorp of Animal Brpeding anA Artificial Inccminatton, 

Department of Animal nimbanUrp, Cornell V nivcrnily, Ithaca, Sew York 

The items of information which arc used as critc*ria for selection of dairy bulls 
normally become available in the followinjr time sequence: (a.) pedigree, (b.) 
individuality, (c.) progeny perforinanee. 

The progeny test is theoretically the most accurate method for estimating the 
production of future daughters of a bull and consequently has been accepted 
generally as the most accurate from a practical standpoint also. Recent studies 
by Beardsley (1) indicate that the predictability of the productive performance 
of a group of daughters in a second herd from the performance of a group of 
daughters in a first herd is not especially high, the correlation coefficient being 
^ 0.34. Thus, except for situations where a proved sire is to be bred in the 
future to cows known to have the same general genetic make-up and to be kept 
under identical conditions to those cows with whi(*h he w'as first proved, the 
accuracy of prediction from first proof is not as high as generally implied. 

Even though, for a j)articu1ar situation, reliance were to be placed solely on 
the proved sire, all youpg bulls must be selected on som(‘ other basis. Individu- 
ality of a bull should be use<l as a basis of selection to improve milk production 
or butterfat yield only to the extent that type in the male is correlated with milk 
production in his daughters. So far as is known, no adequate test of such an 
hypothesis has been made. Thus, in selecting young dairy bulls, reliance must 
be placed largely on pedigree information. It has been difficult to determine 
the effectiveness of pedigree selection in improving the productive performance 
of dairy cattle, since few data on this question liavc been reported. 

Gowen (5, 6) and Copeland (2, 3), using Advanced Registry or Register of 
Merit records, have determined the correlations that existed between the average 
production of the daughters of bulls and different groups of their relatives con- 
sidered separately. Madsen (9) determined similar correlations from data more 
comparable to that obtained in D.II.I.A. or II.I.R. testing programs, but he used 
different groups of bulls and relatives to obtain each correlation. 

Lush and Schultz (8) studied the relation between pedigree promise as 
indicated by Advanced Registry records and the performance of daughters of 

Beceived for publication May 2r>, 1949 
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8 Now at University of Illinois, Urbana. 
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bulla-^hen tested in D.HJ. Associations. Here again different groups of in- 
dividuals were used to study the relationship of the production of a certain 
ancestor to the final proof of the sires. These authors point out that the most 
satisfactory evidence should be obtained from multiple correlation studies where 
data were available on all groups of ancestors for the bulls under consideration. 

The purpose of the study published here was to develop a method and estimate 
its accuracy for selecting an unproved bull, using the production performance of 
the ancestors, collateral females and mates, when the information was complete 
for each pedigree. 

EXPERIMENTAL 

There were 1,451 IIolstein-Friesian bulls proved by D.H.I.A. records in New 
York prior to Feb. 1, 1947. A number of these proved bulls were sons of proved 
sires and were born in herds which were cooperating in the New York Dairy 
Extension Herd Analysis Project. As a consequence, records of butterfat pro- 
duction for relatives on both the paternal and maternal side of the pedigree were 
available for study. 

Two series of proved bulls were selected from those born in analyzed herds. 
Series A included 158 bulls (average number daughter-dam comparisons, 8.40), 
each of which had the following recorded information available, in addition to 
the proof on his sire (average number of daughter-dam comparisons, 21.05)*: a. 
The dam of the bull had at least one record (average number, 4.64), and b. The 
dam of the bull had at least one daughter with a record (average number of 
daughters, 1.85). 

Series B included 141 bulls (average number daughter-dam comparisons, 
8.13), each of which had the following recorded information available in addi- 
tion to the proof on his sire (average number daughter-dam comparisons, 21.81)® : 
a. The dam of the bull had at least one record (average number, 4.33), and b. 
The dam of the bull w’as by a proved sire (average number daughter-dam com- 
parisons, 18.07).* 

Of the total of 207 bulls meeting either set of established criteria for study, 
92 satisfied both sets of requirements and were included in both series. Thus, 
the two series are not independent samples and any comparisons between the re- 
sults of the two series should not be made without recognizing the correlation 
that exists between them. 

The average of all butterfat records for each cow, calculated to a mature 
equivalent, 305-day lactation, twice-a-day milking basis, by D.H.T.A. standards, 
was used as a measure of the producing ability of each cow. The variables for 
each bull were means of the production of groups of females in each case, except for 
the production of the bull’s dam which was an average, in most cases, of several 

4 Included among the sires of bulls in series A were 6 bulls with 4, and 7 bulls with 3 
daughter-dam comparisons. All others had 5 or more. 

B Included among the sires of bulls in series B were 1 bull with 4, and 4 bulls with 3 
daughter-dam comparisons. 

4 Included were 6 sires having 4, and 17 sires having 3 daughter-dam comparisons, the 
dam of the series B bulls being one of these daughters in ea^ ease. 
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records of the same individual. The figure for a particular variable of all bulls 
was given equal weight regardless of the number of production records from 
which the figure was calculated. 

The variables for this study were assigned symbols as follows; X, * average 
production of the mates of the proved bull ; Xg « average production of the mater- 
nal half-sisters of the proved bull ; X 3 * average production of the dam of the 
proved bull ; X 4 * average production of the paternal half-sisters of the proved 
bull ; X 5 » average production of the dams of the paternal half-sisters of the 
proved bull; X,;* average production of the daughters of dam’s sire (paternal 
half-sisters of the bull’s dam), and ¥ * average production of the daughters of 
the proved bull. 

Simple correlation coefficients were calculated between all pairs of the above 
variables (table 1 ) to determine multiple regression equations after the methods 
outlined by Snedecor ( 11 ), in order to establish the optimum w^cight to be given 
each variable in predicting the level of production of Y, the daughters of the 
proved bulls. 

RESULTS 

The mean production of the relatives of the bulls and the correlations between 
these relatives are shown in table 1. The average production of the bulls’ dams 
was from 30 to 80 lb. higher than the average production of the animals constitut- 
ing any other variable, indicating that the dams were a selected group, not a 
random group of females from this population. This must be borne in mind in 
interpreting the results df this investigation. 

TABLE 1 

\fcan production in poujtds of 'butt erf at for each group of relatives in both Series A and Series 
B and the correlations between these groups within each series 





Maternal 


Paternal 

Dams uf 
paternal 
half 
sisters 

Daughters 

of 

maternal 

grandsire 

Daughters 


Series 

Matos 

half 

sisters 

Dam 

half 

sisters 

of 

bull 



(X,) 

(X,) 

(X,) 

(X,) 

(X.) 

(X.) 

(T) 

Mean pro* 
<hictioii and 

A 

:m) ± 54 

421 -*■ 74 

460 ± 78 

408 -K 54 

402 + 53 


387 ± 65 

standard 

deviation 

B 

382 ±50 


455 ± 78 

422 ±50 

412 ±52 

406 ± 53 

394 ± 63 


A 


0.18* 

0.18* 

0.26** 

0.23** 


0.66** 


H 



0 17* 

0 18" 

oos 

0.15* 

0.65** 

X, 

A 



0.32 

0.47** 

0.42** 


0.22** 


B 








x„ 

A 




0.34** 

0.47** 


0.15 


B 




0.25** 

0.29** 

0.48 

0.21* 

X, 

A 





0.67** 


0.35** 


B 





0.64** 

0.40** 

0.26** 

X5 

A 







0.18* 


B 






0.63** 

0.11 

X. 

A 









B 







0.26** 


* Indicates significance at the 5 per cent level of probability. 
** Indicates significance at the 1 per cent level of probability. 
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The complete regression equation for predicting the average production of 
the daughters of the hulls. Usinj? the correlations of table 1 as the basis for cal- 
culation, the following regression equations were developed. 

( 1 ) Ya = 30 4 0.75**Xi + 0.03Xa + O.OlXa + 0.34**X4 - 0.21*X3 

R = 0.701** R2 = 0.491 

(2) Yb = 0 r 0.75**Xi 4 0.01X3 + 0.23*X4 - 0.22X5 + 0.24*Xe 

R = 0.689** R=*« 0.475 

(♦•Significant at the 1 per cent level of probability ; •significant at the 5 per 
cent level of probability). 

The multiple correlation coefficient was highly significant in each equation. The 
square of these coefficients indicated that from about 47 to 49 per cent of the 
total variance among the averages of the daughters of different bulls was as- 
sociated with the regression plane described by these equations. 

The effect of the production level of the mates of the hulls. The correlation 
between Y, the average production of the daughters of a bull, and X,, 
the average production of their dams or the mates of the bull, was 4 0.66 for 
Series A and 4-0.65 for Series B (table 1). Thus, about 43 to 44 per cent of 
the total variance among the bulls, in the average butterfat production of their 
daughters, was associated with the variance among the production averages of 
their respective groups of mates. The other four variables in each series ac- 
counted for only about 5 per cent more of the variance among the bulls in the 
average production of their daughters than was accounted for by the mates 
alone. However, when tested statistically, this increase of about 5 per cent was 
found to be highly significant for Series A and significant for Series B. 

The effect of the production level of the dams of the hulls. The record on 
the dam (X3) could have been removed from the prediction equation in either 
series without substantially affecting any of the foregoing results. However, 
this would have implied that the record of the dam had no significan(*e in the 
selection of a bull. As was pointed out previously, the bulls in this study were 
from a selected group of dams and, therefore, the population of bulls to which 
this equation could be applied most justifiably would be one in which the dams 
were already a selected group of cattle. There are no data within this study with 
which to evaluate properly the record of the dam in selecting a bull. 

The effect of the production level of the maternal half-sisters of the hulls. 
In Series A the records on the bulls’ maternal half-sisters, X 2 , were deleted with- 
out affecting the prediction value of the equation as indicated below. 

(3) t*-x» - 32.3 + 0.75Xi + O.OIX, + O.86X4 - 0.21X, 

R- 0.700** R»- 0.490 

The lack of significance of the maternal half-sisters’ records was assumed to be 
due to the fact that there was an average of only 1.85 maternal half-sisters per 
bull. This is in contrast to the average of over 20 paternal half-sisters per bull. 
The theoretically perfect correlation between the average production of eight 
daughters of a bull and the average production of two of his maternal half-sisters 
is only + 0.27. Thus, it is not surprising, when the environmental variation is 
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considered, to find that the averag^e production of so few maternal half-sisters 
had no significant value in discriminating between bulls. 

The effect of the production performance in the pedigrees of the hulls. In 
order to obtain a measure of the accuracy with which the average butterfat pro- 
duction of the daughters of unproved bulls could be estimated from information 
on the production of the bulls* female relatives before the production of his mates 
was known, multiple regression equations were developed with Xi (the produc- 
tion l(‘vel of the mates) deleted. 

(4) Ya-x, = 212 I O.OlXa f 0.05X3 I 0.47**X4 - O.lTXs 

R - 0.369* = 0.136 

(5) Y»..x, - 212 i O.O6X3 ^ 0.39**X4 ~ 0.35*X5 + 0.33*X, 

R = 0.370* - 0.137 

Approximately 14 per cent of the variance among the bulls, in the butterfat 
production averages of their daughters, %vas accounted for by means of equations 
4 and 5. This reduction of variance was not large but was found to be significant 
at the 5 per cent level of probability. Such a small correlation coeflBcient may 
appear discouraging to breeders, but it must be recognized that there was a large 
amount of nnaccoimtable, environmental variation within these data. 

DISCUSSION 

A significant portiini of the differences in average production between the 
bulls’ (laughter-groups was determined by consideration of the j)r()duction in- 
formation available on the females in the bulls’ pedigrees, either alone, as in 
equations 4 and 5, or iii combination with the average pi’Klmdion of the herd in 
which he is to be u.sed, equations 1 and 2. 

Production infonnation limited to that found in the bulls’ pedigrees has been 
shown to account for 14 per cent of the variance among bulls in the production 
averages of their daughters. This same information, when added to the informa- 
tion on the production of the mates, accounted for only a 5 per cent increase over 
the variance accounted for by the mates alone. This discrepancy of approx- 
imately 9 per cent was due to the positive correlation which existed between the 
production average of the mates and the other four independent variables. The 
multiple regression of A"i on the four other variables was determined and the 
multiple correlation coefficients and their squares were found to be as follows: 

Series A R = 0.288* R^« 0.083 

Series B R« 0.251 R'- = 0.063 

Though only approaching the 5 per cent level of significance, these correlation 
coefficients are indicative of assortative mating and similarities of environment 
between hei*ds producing and herds using these sires. Because such conditions 
are not controllable in accumulate!! data, the correlation coefficients between the 
several variables in this study may be biased in unknown degree. This condition 
represents the situation in practice and emphasizes the need for controlled ex- 
periments in this field. 
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On the other hand, it is desirable to derive as much information as possible 
from the presently available data. Thus, the standard partial regression go- 
eflScients (table 2) can be compared urith respect to their relative sizes and conse- 

• TABLE 2 

Standard partial regression coefficients for the two series 


Series A 


Series B 


»»T1 -2345 = +0.62 
b'Y2- 1345 = +0.04 
b'Y3- 1245 = +0.01 
b'Y4. 1235 = +0.28 
b'Y5. 1234 = -0.17 


bTl - 3456 = 40.60 

b'Y3. 1466 = +0.01 
bT4. 1366 = +0.19 
b'Y6. 1346 = -0.18 
b'Y6. 1345 = +0.20 


quent effect on the estimated average production of the daughters of a bull (11). 
The production average of the paternal half-sisters of the bull has the greatest in- 
fluence, followed rather closely by the production averages of the dams of these 
half-sisters and the production average of the paternal half-sisters of the bull’s 
dam. Of minor effect are the production averages of the dam and of the maternal 
half-sisters. From a practical point of view these findings emphasize the proved 
sire program, since the important items as just cited are in each case parts of sire 
proofs. From a theoretical point of view the relative importance of the regres- 
sion coefficients is probably a reflection of differences in numbers comprising the 
average in each case and differences in selection pressure within each of these 
groups. The insignificant size of the partial regression coefficient on the dam’s 
record can be explained in one of two ways; (a) the selection of cows for dams 
of future herd sires is on false premises, or (b) the selection of dams is so effective 
that relatively little genetic variance exists among them. The true answer is 
probably a combination of these two explanations. 

In the application of these findings to practical sire selection it is evident that 
the best combination of criteria seems tb be a son of a desirably proved sire out 
of a high producing dam from a desirably proved sire. This combination is al- 
ready being used by many breeders, but a large proportion of sires are still being 
selected with the main emphasis on the dam’s record. Further study from un- 
selected cow populations will be necessary to determine the true, relative value 
to be placed upon the record of the dam. 

Selection of bulls on the basis of information on production records of direct 
and collateral female relatives in the immediate pedigree will result in a greater 
number of successes than random selection, as indicated by the multiple correla- 
tion coeflScients for equations 4 and 5. Using this correlation, approximately 
+ 0.85, and Pearson’s “Table for finding the volume of the normal bivariate sur- 
face” (10) the following estimates were made: 

(a.) If predictions were made on 100 young bulls using equations 4 or 5, 
and the highest 60 bulls were selected from 100 prospects, 81 of them, or 
62 per cent could be expected on the average to produce daughters whose 
mean production would exceed the mean of the population. 
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(b.) If 21 bulls were selected from 100 prospects on the same basis, 15 of 
them, or 70 per cent could be expected to have daughters which would 
exceed the mean production of the population. 

Thus, if all young bulls were evaluated on the basis of the equations formulated 
in this study in addition to the attention that has always been paid to the dam, 
and then, for example, only the upper 20 per cent selected for herd sires, a gen- 
eral increase in the average production of dairy cattle could be expected. 

This study indicates that under existing circumstances of D.H.I.A. testing 
the predictability of futun» average performance of bulls ^ daughters can be 
made with approximately the same precision from adequate information on the 
production of direct and collateral female relatives in the pedigree as can be made 
on the basis of proof in a first herd (1 ). This indication is not in agreement with 
the expected theoretical results assuming that production performance is com- 
pletely hereditary and influenced by additive genes only. In such a case the 
average of three or more daughters of a bull would be equivalent or superior 
to the most perfect set of information possible* from the pedigree (7). Since, 
however, the two studies were based on actual results, both complicated by un- 
measurable environmental variations, the comparisons are more applicable to 
the practical situation facing the average dairyman than would be the theoretical 
comparisons. ^Vhen the data become available on a series of bulls, each of which 
has two or more daughters tested in each of a number of herds, it will then be 
possible to more* accurately account for the portion of the variance directly at- 
tributable to environment and consequently obtain a more refined measure of 
the genetic variance. 

summary and conclusions 

The average butterfat production of the daughters of 207 proved Holstein- 
Friesian bulls was studied in relation to th(* average butterfat production of the 
mates of these bulls and that of their direct and collateral female relatives. Two 
scries of multiple regression equations were calculated depending on the records 
of jiroduction available: A for 158 bulls, B for 141 bulls, of which 92 bulls were 
common to each group. A multiple correlation coefficient of approximately 
» 0.37 was found in both cases between the direct pedigree estimate and average 
production of the daughters of the bulls, accounting for approximately 14 per 
cent of the variance among the daughter groups in their butterfat production. 
When average butterfat yield of the bulls’ mates (the dams of the daughters) 
was added to the information from the pedigrees the correlation coefficients were 
approximately ^ 0.7 and accounted for from 47.5 to 49 per cent of the variance 
betw^een the butterfat averages of the daughters of the bulls. Non-genetic cor- 
relations, presumably due to environmental similarities between herds, contrib- 
uted to the relationships found. 

The study indicates that for selection of young dairy bulls, records of per- 
formance of females in their pedigrees are of importance in the following order : 
(a) the average production of the paternal half-sisters of the bull, (b) the 
average production of the dams of the paternal half-sisters of the bull, and (c) 
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the average production of the paternal half-sisters of the bulPs dam. The aver- 
age production of the bull’s own dam or of his maternal half-sisters showed no 
relationship to the average production of his daughters. However, since the 
dams of the bulls were a highly selected group, the only general conclusion that 
could be made was that among bulls whose dams average above 450 lb. of butter- 
fat, 2X, M.E., D.H.I.A. conditions, the differences between the records of such 
dams are of little significance. 


RKFERKN(3ES 

(1) Beardsley, J. P. The Repeatability of Proved Sires and the Curvilinearity of Herit- 

ability of Butterfat Production. Thesis, Cornell Univ. 1948. 

(2) Copeland, L. The Contribution of the Dam in Inheritance of Milk and Butterfat. J, 

Dairy ScL, 14: :i79-393. 1931. 

(3) Copeland, L. Pedigree Analysis as a Basis of Selecting Bull Calves. J. Dairy Bci., 17: 

93-102. 1934. 

(4) Dickey, H. C., and Labauthe, P. Predicting the Transmitting Ability of Young Dairy 

Sires for Milk Production, Butterfat Test, and Butterfat Production. J. Dairy Sci., 
28: 893-900. 1945. 

(5) Gowen, j. W. Studies in Milk Secretion. XVI. Progeny Performance of Guernsey 

Sires ^ Sons. Ann. Rep., Maine Agr. Expt. Sta., Bull. 327: 197-252. 1925. 

Gowen, J. W. The InSuence of Inheritance and Environment on tlio Milk Production and 
Butterfat Pereentagc in .Tersey Cattle. J. Agr. Research, 49 : 433-465. 1934. 

(7) Lush, J. L. Animal breeding Plann. 3rd ed. The Town State College Press, Inc., 

Ames. 1945. 

(8) Lush, .1, L,, and Schultz, E. N. Pedigree Promise and Progeny Tost Among Sires 

Proved in Iowa Cow Testing Associations. J. Dairy Sci., 21: 421-432. 1938. 

(9) Madsen, K. Inheritance of Milking Capacity. Nature, 129: 165-166. 1932. 

(10) Pearson, K. Tables for Statisticians and BiometricianSf Part II, Table VII. Table 

for Finding the Volume of the Normal Bivariate Surface. Positive Correlation. 
Biometric Lab., Univ, Coll., London, Cambridge Univ. Press, pp, 78-109, 1931. 

(11) Snedecor, G. W. Statistical Methods Applied to Experiments in Agriculture and Biologp. 

4th ed. The Iowa State College Press, Inc,, Ames. 1916. 



BACTERIOLOGICAL STUDIES OP BOVINE SEMEN. II. THE INCI- 
DENCE OP SPBCIPIC TYPES OP BACTERIA AND THE 
RELATION TO PERTILITY^* 

P. W, PRINCE, J. O, ALMQIJI8T and J. ,1. REID 
Departments of Dairy Hvsbarulry and Bacteriology 
The Pennsylvania State College, Slate College 

Various types of bacteria have been observed in bull semen collected with the 
artificial vagina. Ilatziolos (10) reported that cocci, spore-forming rods and or- 
ganisms of the coliform, proteus and pseudomonas groups were the main types 
of organisms present. Gunsalus et al. (9) stated that diphtheroids, staphylococci, 
Pseudomonas pyocyaneous and Escherichia coli were the predominant types of 
bacteria in freshly collected bull semen. A report by the United States Depart- 
ment of Agriculture (14) indicated that diphtheroids were the predominating 
type of organisms. Staphylococci were found to occur next in frequency and 
Pseudomonas aeruginosa and coliform organisms were present occasionally. Og- 
nianov (12) found Bacillus suhtilis, Staphylococcus and E. coli. More recently 
Edmondson et ah (6) isolated streptococci, staphylococci, niicrococci, pseudo- 
monas, bacilli, actinomyces and E. coli from bovine semen. 

There is some evidence that certain types of bacteria can produce toxins and 
metabolic end products which may be harmful to spermatozoan livability. Sev- 
eral workers (11, 15, 1,9) have reported observations and opinions supporting 
this hypothesis but only limited data from controlled experiments are available. 
Uchigaki (16) found that E. coli had a marked deleterious effect on the livability 
of spermatozoa of the albino rat. Ognianov (12) reported that E. coli also was 
injurious to semen by c*ausing agglutination of bull spermatozoa. Edmondson 
et al. (6) found that hemolytic types of bacteria present in semen caused a de- 
crease in spermatozoan motility during storage. These workers also found that 
the livability of certain samples containing non-hemolytic types w^as not as great 
as the control samples, w’hile in others livability was greater than in the controls. 

Perhaps more .significant to impaired fertility than the effect of bacteria upon 
the spermatozoa is infection of the female genital tract by certain organisms 
following insemination with contaminated semen. There is ample evidence (3, 
5, 7, 17, 18) that streptococci and members of the coliform group frequently are 
associated with ovaritis, metritis, sterility and abortion in females. Although 
P. aeruginosa is generally considered as one of the less virulent of the patho- 
genic types of bacteria, under favorable conditions the organisms might be capa- 
ble of establishing infection. Gunsalus ct al. (8) stated that buUs harboring 
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9 The data contained in this paper are part of a thesis submitted by the senior author to 
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Master of Science, 1948. 
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P. aeruginosa in their reproductive tracts are apt to have poor breeding effi- 
ciencies and be poor risks for use in artificial breeding. Pounden et aL (13) 
investigated a series of abortions by females previously inseminated with semen 
from the same bull. Organisms resembling Staphylococcus albus were found in 
the semen of the bull and appeared to be identical to those obtained in large 
numbers from the pus and exudate surrounding the aborted feti. 

The present study was designed to determine the incidence of P. aeruginosa , 
coliform organisms and Streptococcus sp. in semen from bulls of known fertility. 
It also was desired to characterize the predominant types of bacteria present in 
freshly collected semen and to study their possible relationship to fertility. 

METHODS 

Semen samples for these studies were obtained from Guernsey, Holstein and 
Jersey bulls located at the Western Pennsylvania Artificial Breeding Coopera- 
tive, Clarion. Previously described collection and shipping techniques (1) were 
employed in handling the semen samples. 

The incidence of P. aeruginosa was determined by inoculating tubes of a syn- 
thetic asparagine-mineral salts broth with 1 ml. portions of 1 : 10, 1 100, 1 : 1,000 
and 1:10,000 dilutions of semen. A confirmatory test for P. aeruginosa was 
conducted on all asparagine broth tubes that showed turbidity and the presence 
of a greenish-yellow pigment after 14 days of incubation at 20® C. Confirma- 
tion was based on the ability of gram-negative rods to lyse bovine erythrocytes, 
to liquefy gelatine with the development of a soluble green pigment and to grow 
at 37® C. 

The presence and approximate numbers of members of the coliform group 
were detected by inoculating lactose with suitable serial dilutions of semen. All 
positive and doubtful reactions were subjected to standard confirmatory tests Cl'). 

Blood agar plates containing crystal violet were used for detecting the pres- 
ence of streptococci. Portions of each, semen sample were streaked on the sur- 
face of previously prepared plates. Bacterial growth which had developed after 
incubation for 48 to 96 hr. at 37® C. was observed and tiie Gram morphology was 
determined in all cases of growth resembling streptococci. 

The predominant types of bacteria were isolated from incubated veal infu- 
sion blood agar plates which had been employed for plate counts as reported 
previously (1). Isolated colonies were picked from the incubated plates and 
streaked on the surface of veal infusion blood agar plates in order to obtain 
maximum growth upon initial transfer. After incubation at 37® C. the re- 
sultant bacterial growth was subcultured and classified according to morphology. 
Gram reaction and biochemical activity (4). 

EXPERIMENTAL 

Incidence of P. aeruginosa in semen and the relation to fertility. The ap- 
proximate numbers of P. aeruginosa were determined in 165 ejaculates from 30 
bulls at various levels of fertility. The bulls were divided into three groups 
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based on fertility level. The fertility data were based on the iiereentaj^e of cows 
which did not return for service within 90 to 120 days following the last in- 
semination. The inseminations were made during the 4-month period in which 
the bacterial examination of the samples was conducted. 

TABLE 1 


The incidence of Pncudomonan aernginona in semen from hulls at various fcrtilitg levels 


Level of 
fertility 

NunilM*r 

Number 


Ejaeulates eontaining 


of 

bulls 

of 

ejaeiilates 

< 2 /ml. 

At least 2 
but < 1,000 /ml. 

At least 
1,000 /ml. 

Fertile 

18 

79 

52 

14 

13 

(60-82)“ 

Relatively 

infertile 

10 

76 

49 

15 

12 

(34-69) 

Infertile** 

2 

10 


o 

8 

All levels 

.3(1 

165 

101 


33 


“Per cent 90- to 120-dny noii returiiH. 

•' Semen not HntiHt'nctory for bre<»ding. 


As shown in table 1 the presence* of P. aentyinosa was confirmed in numbers 
of at least two per ml. in 64 or about 39 per cent of tin* 165 ejaculates examined. 
Eighteen of the 30 bulls yielded at least one ejaculate in which /^ aeruginosa 
was confirmed. However, the species %vas confirmed in all ejaculates exaniin(*d 
from only 5 of the 18 bulls. Thus, it appears that, although certain bulls may 
be classified as “.shedders” of P. aeruginosa, all ejaculates obtained from these 
bulls may not invariably contain the organism. Considerable variation in num- 
hers of organisms also was note<l between tin* varimis ejaculates obtained from 
the same bull. 

Table 1 also shows that the incidence of /^ aeruginosa uas about equal in 
the fertile and relatively infertile groups of bulls. The organisms were con- 
firmed in all ejaculates from three bulls in the fertile group and from the two 
bulls comprising the infertile group. The latter two bulls consistently ])roduced 
semen of unsatisfactory quality for use in artificial breeding. The semen sam- 
ples were characterized by having a low percentage of rnotih* spermatozoa and a 
high percentage of morphologically abnormal cells. From these data it appears 
that although the presence of P. aeruginosa even in relatively large numbers is 
not related to level of fertility, its presence may be associated with individual 
cases of infertility. Additional data are needed as the fertilizing capacity of 
any particular semen sample still may be influenced by the presence of large 
numbers of i*. aeruginosa. 

Incidence of organisms of the coliform group. A total of 209 ejaculates 
from 35 bulls was examined for the presence of coliform organisms. Table 2 
shows that only 24 or about 11 per cent of the ejaculates wTre found to contain 
at least 10 coliform organisms per ml. The organisms \vere found in semen 
from only 12 bulls and only one of the bulls was found to consistently “shed” 
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the organisms in all ejaculates examined. As shown in table 2, the organisms 
were not present in particularly large numbers, since only four ejaculates con- 
tained as many as 1,000 organisms per ml. In this study more than one ejacu- 
late frequently was obtained from a single bull on a collection day. There were 
109 first, 96 second and 4 third ejaculates collected. The incidence of coliform- 
positive ejaculates was 13 first, 9 second and 2 third ejaculates. 

TABLE 2 

The incidence of coUform organisms in semen from bulls at various fertility levels 


Level of 
fertiUty 

Number 

of 

bulls 

Number 

of 

ejaculates 

< lO/iiil. 

Kjaculatea containing 

At least 10 At least 100 

but < 100 /ml. but < 1,000/ml. 

At least 
1,000/ml. 

Fertile 

20 

92 

78 

5 

8 

1 

(60-82)« 

l^latively 

infertile 

13 

104 

97 

4 

1 

2 

(34-69) 

Infertile** 

2 

13 

10 

0 

2 

1 

All levels 

35 

209 

185 

9 

11 

4 


* Per cent 90- to 120-day non-returns. 

b Semen considered unsatisfactory for breedinK. 

Table 2 also shows that the greatest percentage of positive ejaculates was 
found in the infertile group of bulls and that the percentage of positive ejacu- 
lates was greater in the fertile group than in the relatively infertile group. 
Together with the relatively low incidence of coliform -organisms, it appears that 
there is no significant relation between the presence of coliform organisms in 
semen and fertility. Nevertheless, their presence definitely was associated with 
a high bacterial count. The average plate count of 202 of the 209 ejaculates 
examined for coliform organisms ivas 200,000 bacteria per ml. The 24 coliforra- 
positive ejaculates averaged 1,400,00Q bacterial per ml., as compared to only 
91,000 per ml. for the 178 coJiform-negative ejaculates. 

Thus, coliform organisms were found only occasionally in semen from bulls 
at various levels of fertility and in relatively small numbers. These results 
suggest that the presence of organisms of the coliform group is the result of 
fecal contamination of the semen at the time of collection rather than elimina- 
tion of the organisms from the genital tract of the bull along with the semen. 
However, data more recently gathered by this laboratory indicate that semen 
collected from one bull consistently contains coliform organisms. 

Incidence of streptococci in semen. Two hundred and tw elve ejaculates from 
36 bulls were examined for the presence of streptococci. No evidence of these 
organisms was found in any of the semen samples examined. This confirms the 
findings of Gunsalus et al, (10). 

The predominant types of bacteria in hull semen and their relationship to 
fertility. The incidence of bacteria in the 19 ejaculates from 8 bulls at various 
levels of fertility is presented in table 3. Sixty-one per cent of the 457 isola- 
tions were gram-positive rods. Species of Corynehacterium constituted the 
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major portion of the flora of this group of bacteria. This genus also repre- 
sented about 44 per cent of the isolations from the highly fertile group and 
about 30 per cent of those from the less fertile group. Thus it appeared that 
the presence of this group was common to nearly all samples of semen and oc- 
curred in greatest numbers in semen from the mon* highly fertile bulls. 

TAHLK 3 

Prethminont tiipes of bacteria ni hufi ^ftnen 


Per cent of cultures clussiiiod as 


Level of 
fertility 

% 90. to 120- 
day non- 
returna 

No. of Xo. of 
ejaculates cultures 

Gram- 

positive 

Gram- 

positive 

Gram- 

negative 

Others 




rods 

micrococci 

rods 


Fertile 

jr-2 69 


85 

61 

26 

4 

9 

(60-69) H 

G-7 68 

o 

34 

65 

12 

15 

8 

IM 65 

o 

49 

76 

6 


IS 

A\i*rj<g<‘ <»r total 67 

6 

16K 

66 

17 

5 

12 


013 54 

1 

27 

45 

48 

7 


Relativoh 

H-10 ,53 

3 

68 

60 

32 

6 

2 

iiitVrtilo 

G- 5 51 

3 

67 

74 

10 

10 

6 

(40 -.'■>9 . 

H-14 45 

o 

48 

31 

17 

52 



IM5 40 

4 

79 

67 

14 

18 

1 

Axorage or total 48 

13 

289 

59 

21 

18 

2 

Axi'rage or 

tot.ii 61 

19 

457 

61 

20 

13 

6 


.1 < 10 - to 120*flay noiM‘<*turuH. 

Although most members of this genus an* considered to be non-pathogeni(*. 
certain members of the group possess varying degrees of virulence and have 
been associated with numerous pyogenic infections. However, the cultural 
characteristics of the majority of these organisms resembled those of the sapro- 
phytic forms and these organisms undoubtedly belong to the group commonly 
known as diphtheroids. The presence of a few of the more pathogenic types 
was suggested by reactions on blood agar and litmus milk. 

Gram-positive micrococci were found in all but one of the semen samples. 
A great(‘r percentage of these organisms were isolated from the relatively infer- 
tile bulls than from the fertile bulls. Many of these organisms appeared as the 
more inert forms of micrococci. However, certain types were encountered in 
semen from one relatively infertile bull, H-10, which appeared to be more viru- 
lent in nature. These cultures produced a deep golden pigment, hemolyzed red 
blood cells and were extremely active on the culture media employed. Thus it 
appeared that certain pyogenic forms were contained within the group. 

Included in the group of gram-negative rods were species of the genera 
Pseudomonas, Flavohacterium and Alcaligenes, Coliform organisms were not 
encountered in this particular phase of the study. P. aeruginosa was encoun- 
tered only in semen from two relatively infertile bulls, H-14 and H-15. Although 
this species was not found during this phase of the experiment in semen from 
any of the fertile bulls, the presence of the organism was confirmed in two 
ejaculates from one fertile bull, H-2, when asparagine broth was employed as a 
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selective medium. Jii general the organisms of the group appeared to be iion- 
pathogenic, aviruleiit in nature and (consisted of types commonly present on 
such materials as bedding, soil, feces, etc. However, on the basis of these data, 
which show a greater percentage of gram-negative rods in semen from relatively 
infertile bulls than from fertile bulls it is possible that members of this group 
may be associated with infertility. Further investigations are needed to defi- 
nitely establish this relationship. 

A few other types of organisms were encountered that did not fall into the 
above classification. About 5 per cent of all the isolates were members of Ac- 
tinomycetaceae and a few false yeasts also were isolated. Due to the low inci- 
dence of these organisms it is believed that their presence in semen had no 
particular relation to fertility. 

SUMMARY 

By the use of special selective media the incidence of Pseudomonas aeru- 
ginosa^ coliforin organisms and streptococci was determined in undiluted semen 
from bulls used for artificial breeding. In addition, the predominant types of 
bacteria present in semen were isolated and classified according to morphological 
and biochemical characteristics. 

1. P. aeruginosa was confirmed in semen samples from both fertile and rela- 
tively infertile bulls. The organism was confirmed in all ejaculates examined 
from three fertile and two infertile bulls. Even in numbers of at least 1,000 
per ml. the presence of the organisms was not indicative of level of fertility. 
How'ever, the consistent presence of the organism in semen of the infertile bulls 
indicated that it may be associated with individual eases of infertility. 

2. Coliform organisms were found only occasionally in semen from bulls at 
various levels of fertility. The presence of the group was associated with high 
plate counts of semen and may represent fecal contamination of the sample at 
the time of collection. 

3. Members of the genus Sircptococcus were not characteristic of the seminal 
fiora. 

4. Gram-positive rods, especially diphtheroids, were found to be predomi- 
nant ill the flora of bull semen. These organisms comprised a greater portion 
of the flora of fertile bulls than that of relatively infertile bulls. 

5. Gram-positive micrococ^ci w’ere found next in fre(|ueney to the diph- 
theroidal flora. It perhaps was significant that the proportion of the flora rep- 
resented by these forms was slightly greater in the case of bulls of low fertility. 

6. Although the gram-negative rods encountered appeared as non-patho- 
genic types commonly present in nature, a greater percentage was found in 
semen from the relatively infertile bulls and the presence of certain of these or- 
ganisms in semen may be associated with infertility. 
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THE FERTILITY OF BOVINE SEMEN COOLED WITH AND WITHOUT 
THE ADDITION OF CITRATE-SULFANILAMIDE-TOLK EXTENDER* 

K. H. FOOTE AND B. W. BRATTON 

Laboratory of Animal Jirmlmg and Arhflrial Jnximlnatinn, Depart mrnl of Animal Hunbaniry, 
Cornell Vnirernily, Ithaea, New York 

In artificial breeding the procedure of adding extender to semen prior to 
cooling is now, with several exceptions, routine practice. However, no experi- 
mental data have been n^ported indicating the relative value, as measured in 
terms of fertility, of cooling bovine semen witli or without the addition of ex- 
tender. 

With the exception of Steensma (15), most investigators (2, 3, 4, 7, 8, 12) 
have found that rapid cooling of unextended bovine semen decreases the sur- 
vival time of spermatozoa and, consequently, they have recommended that semen 
be cooled slowly. Easley, Mayer, and Bogart (4) have shown that rates of 
cooling which decreased the percentage of spermatozoa surviving in unextended 
semen were without harmful effccta when the semen was extended 1 ; 3 with 
phosphale-yolk prior to cooling. However, none of the cooling rates which they 
employed was particularly rapid. Phillips and Lardy (13) noted that yolk- 
buffered semen could be cooled without “undue care’\ Later Lasley, Easley 
and Bogart (9), Lasley and Mayer (10), and Mayer and Lasley (11) isolated a 
factor in egg yolk which increased the resistance of spermatozoa to “cold shock*'. 

Using rapid cooling procedures (30® C. decrease/min.) Willett and Salis- 
bury (16) reported that the motility of spermatozoa in semen extended 1:4 
with phosphate-yolk or citrate-yolk as well as the unextended semen was af- 
fected adversely. Storage data recently obtained in this laboratory (5, 6) on 
semen extended at rates of 1:12 and 1 : 100 before cooling have indicated that, 
irrespective of the rate of cooling, partial or complete extension in buffered yolk 
before rather than after cooling was the more effective in maintaining spermato- 
zoan livability. Recently Anderson and Seath (1) have shown that a delay in 
cooling, and especially a delay in extending semen, residts in semen with poorer 
keeping qualities. This work suggests that semen should be extended immedi- 
ately. However, in all of these reports the value of the procedures recom- 
mended has not been measured in terms of fertility. In view of this fact the 
experiment reported herein was designed to compare, by using split ejaculates, 
the fertility of pre-extended semen (semen cooled in citrate-sulfanilamide-yolk 
extender) with post-extended semen (semen cooled without the addition of ex- 
tender). 

EXI*EBIMENTAL 

Design. The pre-extended and post-extended portions of each ejaculate were 
shipped to alternate groups of ten technicians each. Thus, any one ejaculate 

Received for publication June 11, 1949. 

1 In view of the improved livability of spermatozoa in present day media the authors con- 
sider the word extender'' more appropriate than '*diluter" for describing these media, and 
therefore have adopted the word * * extender ' ’ in this report. 
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was shipped to 20 technicians or multiples of 20 technicians. To insure that all 
technicians would have approximately equal opportunities to use each treat- 
ment, those groups re£?eiving pni-extended semen during the first 8 days re- 
ceived post-extended semen during the last 8 days of the experiment. 

Procedure, Immediately following collection, each ejaculate was divided 
into two equal portions. One portion of semen at 30® C. then was extended on 
the average of 1 : 4 with citrate-sulfanilamide-yolk extender- while the other por- 
tion was left unextended. A sterile thermometer was placed in each portion to 
observe the rates of cooling. Each portion then was placed in a tumbler filled 
with water at 30® C., and the tumblers placed in a walk-iii-typc refrigerator 
maintained at 5® C. After 20 minutes the tubes containing semen were re- 
moved from the tumblers and allowed to stand in the (*old room air for 55 min- 
utes before the extension to final volume was made. Tliis method of water and 
air cooling was standard procedure for the New York Artificial Breeders’ Co- 
operative, liic. Following (‘xtension to final volume, 3 ml. sub-samples, which 
filled to capacity the test tubes used, were taken from eacdi treatment of each 
ejaculate for the purpose of observing microscopically the motility of the sper- 
matozoa during storage at 5® C. These observations were made after 3, 24, 48, 
72 and 96 hr. of storage, 

Sixty-four ejaculates from 31 Holstein bulls owned by the New York Arti- 
ficial Breeders’ Cooperative, Inc. ‘were used for insemination. These ejaculates 
represented nearly all of the semen collected from these bulls during the experi- 
mental period, only those ejaculates containing few’^ spermatozoa or otherwise 
decidedly inferior being discarded. The semen samples initially contained an 
average of 1,647 < l(f* total spermatozoa per ml., of which 70 per cent w^ere esti- 
mated to be motile. All ejaculates were extended .so as to contain a minimum 
of approximately 15 million (range 10-25 million) live spermatozoa per ml. of 
extended semen. The average number for the experiment was approximately 
17 million per ml. 

Measurement of Fertility. The measurement of fertility was ba.sed on the 
per cent of first and second service cows not returning to service within 60 to 
90 days after insemination, these inseminations being performed by the regu- 
larly employed technicians affiliated with the New York Artificial Breeders’ Co- 
operative, Inc. The per cent non-returns for each treatment of each ejaculate 
(treatment x ejaculate sub-group) was considered as the experimental unit. The 
statistical significance of the diff(‘rences between treatment means for the per 
cent non-returns for first, second, and the combined first and second service 
cows were tested by analysis of variance (14). 

RESULTS 

The average cooling rates for the pre-extended and post-extended semen are 
shown graphically in figure 1. Both portions of semen cooled slowly and at 

2 The citrate-Bulfanilamido yolk extender consisted of equal parts of fresh egg rolk and 
a buffer containing 3.6% sodium citrate dihydratc and 0.6% sulfanilamide. 
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essentially the same rate while in the tumblers of water. When placed in air at 
5° G. the pre-extended semen samples, because of their larger volumes, cooled at 
a slightly slower rate than did the post-extended samples. Cooling was accom- 
plished in 75 min. 



Fio, 1. Oompuriftoii of tlio rutos at which pre-oxtouded and post-extended semen wore 
cooled (average of 64 semen saniples). 

The average per cent of motile spermatozoa and the average rate of progres- 
sive motility in the sub-samples after 3, 24, 48, 72, and 96 hr. of storage at 5® V 
are summarized in table 1. Even with slow cooling, the proportion of motile 

TABI.K 1 

Arcrtiffe of moUlxty ralimatiom of pre-ejr tended and pont c.! (ended 
ttemen during storage at J® C. 

(04 ejaculates used for insemination) 

Pre-<*xten8ion Post-extension 

Storage time - — *- 



% Motile 

Kate* 

% Motile 

Rate* 

(hr.) 





3 

63 

2.4 

48 

2.0 

24 

56 

2.0 

41 

1.6 

48 

51 

1.7 

34 

1.3 

72 

47 

1.5 

30 

1.0 

96 

42 

1.3 

23 

0.9 


« -Arbitrary scale indicative of progressive motility with 4.0 ns 
a maximum and 0 as no motility. 


spermatozoa was much higher in the pre-extended semen than it was in the post- 
extended semen. That the detrimental effect was an immediate one is evidenced 
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“by the motility estimations made 3 hr. after the semen was eolleeted. Routine 
semen examinations made by the laboratory personnel of the New York Arti- 
fieial Breeders^ Cooperative, liie. and the teehnieians affiliated with this orf?ani- 
zation were in a^?reement with the data in table 1 . 

The semen shijiped in this experiment was used to inseminate 5,769 first- 
service and 2,749 seeond-servi<M' cows. The fertility results based on 60- to 90- 
day non-returns to service an* show'ii in table 2. The fertility level of the pre- 

TABLE 2 

Fti'lihiff of /»•» oufl poxt rj Inidnl st nu n 

{haftrd on HO- to ^dhdaif noK'n hinis lo snncc) 


M»*rv. rowH 
2 ik 1 serv. cows 
iHt and 2nd acrv. cows 


pro-extension 

Post-extension 

Difference* 




. _ 

— 

between 

No. 

%» 

No. 

%“ 

treatment 

Hcrx. 

N. R. 

serv. 

N. R. 

means 

2880 

61.8 

2889 

55.0 

6.8b 

1404 

55.1 

1345 

48.5 

6.6c 

4284 


4234 

52.8 

G.5b 


“ - N- K. MIT tin* iiioMiiH of the per cent iioii-retuniK of treatment y ejaculate huIi- 
;;ruup which wuh uned in the aiialvHiK of \ariaiiee. 

= Significant at the 1% level of probahilit>. 

<’ = Significant at the r»% level of probability. 


extended semen was 6.5 percentage units higher than that of the post -extended 
semen, Not only is this difference highly significant statistically but it demon- 
strates experimentally the practical importance of plac'ing spermatozoa in ex- 
tender before cooling them. 

Since presumably there were fewer motile spermatozoa in th(‘ post-extended 
sami)les at the time they were used for insemination, the authors w’cre inter- 
est<»d in determining whether or not the obser\H*d difference in fertility could be 
l)artly accounted for by the differences in the estimated number of motile sper- 
matozoa per insemination. By covariance analysis using tbe number of motile 
spermatozoa inseminated as the independent variate (A') and the per cent non- 
returns recorded for each treatment x ejaculate sub-group as the dependent vari- 
ate (Y) it was found that within this experiment the higher per cent non-returns 
obtained with the pre-extended semen could not be accounted for on the basis 
of more motile spermatozoa per insemination. Whether or not this increase in 
fertility should be attributed to the “cold shock” factor of egg yolk or whether 
it reflects immediate extension per sc, as suggested by Anderson and Seath (1), 
has not been elucidated. 


SUMMARY 

Sixty-four ejaculates of bovine semen ^vere divided and cooled from 30° C. 
to 5° C. in 75 minutes with and without the addition of eitrate-sulfanilamide- 
yolk extender prior to cooling. 

Based on 60- to 90-day non-returns to 8,518 first and se<*ond servi(^e cow’s, the 
fertility level of the pre-extended semen (semen cooled in extender 'I w^as 59.3 
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pep cent and that of the post-extended semen (cooled without extender), 52.8 
per cent. The difference between treatments of 6.5 percentage units was highly 
significant statistically. 

Motility estimates made after 3, 24, 48, 72 and 96 hr. of storage indicated 
that the samples cooled without extender had a definitely lower percentage of 
motile spermatozoa. However, by using covariance analysis the higher per cent 
non^retums for the pre-extended semen could not be accounted for on the basis 
of more motile spermatozoa per insemination. 
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LIBERATION OF FATTY ACIDS DURING MAKING AND RIPENING 

OF CHEDDAR CHEESE' 
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AND 

WALTBB V. PBICE 
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The determination of the chemical chancres occurring in the fat of Cheddar 
cheese during ripening has been the object of numerous investigations. In 1910 
Suzuki et cl, (17) reported the results of partitioning by the Duclaux technique 
the volatile fatty acids obtained from steam distillation of acidified suspensions 
of Cheddar cheese. Their results are subject to question since the Duclaux 
technique is inadequate for the identification and analysis of complex mixtures 
of fatty acids such as those found in Cheddar <*heese. 

Since this early study most investigators have measured the free fatty acids 
of Cheddar cheese as a group and not as individual components. Among the 
methods most often used are the direct determination of cheese fat acidities (1, 
9, 10) and steam or direct distillation of acidified cheese suspensions (5, 8, 11) 
or extracts (6, 7, 16), followed by di.stillate titrations. These methods do not 
give accurate qualitative or quantitative data on the nature and levels of indi- 
vidual free fatty acids present in C^heddar cheese. Undoubtedly these limitatitms 
with regard to Cheddar cheese free fatty acid methods have contributed to the 
failure of many investigators to find a relationship between (.'heddar cheese flavor 
and free fatty acid content (1, 2, 3, 7, 10, 15). 

In a previous publication (14) from this laboratory, a rapid partition chro- 
matographic method was reported for the quantitative estimation of formic, 
acetic, propionic, «-butyric, caproic, caprylic and capric acids in biological 
materials. These fatty acids of short and intermediate chain length are veiw 
rich in characteristic flavor and odor and are considered to be important in 
Cheddar cheese flavor. Naturally-occurring fatty acids having more than ten 
carbon atoms are quite bland in flavor and odor and consequently are believed to 
play little or no part in cheese flavor. 

The purpose of the present investigation is to determine the nature and levels 
of individual free fatty acids present during the making and ripening of raur and 
pasteurized Cheddar cheeses from the same milk. The application of the partition 
chromatographic method to the estimation of free fatty acids in Cheddar cheese 
also is described. 

METHODS 

Checsemaking procedure. Two 460-lb. identical lots of mixed, raw% whole 
milk from the University dairy were used. After one lot had been pasteurized 

Beceived for publieation June 13, 1949. 

1 Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. This work was supported in part by a grant from the National CTheese Institute. 
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at 145° F. for 30 mliiutea, both lots were placed in vats and subjected to identical 
subsequent treatment. From each lot two 22-lb. non-colorod cheeses 'wore made 
by an experienced cheesemaker according to standard procedures. The green 
cheeses were kept at 68° F. for 2 to 3 days, then transferred to a cold room (40 
to 45° F.) for ripening. 

Free fatty acids. The method for the determination of free fatty acids in 
biological materials previously reported by the present authors (14) was used 
directly for all analyses of free fatty acids in cheese milk, rennet, starter cultiii*c 
samples and cheeses during the first 6 months of their ripening periods. 

Ill the application of the method to Cheddar cheese older than 6 months or 
artificially colored, a slight modification of the sample preparation procedure as 
outlined in the original report (14) was necessary. Substances present carried 
through the original procedure into the benzene extracts used as the sample on 
the benzene-33A' sulfuric a<*id macro separation column. Their effect on this 
('.olurnn was a slow displacement of non-mobile phase. The causative substance in 
young artificially colored Cheddar cheese was subsequently found to be bixin 
added as coloring material ; tJiat of aged non-colored cheese has not been identified. 
It was found that both typ(‘s of substances can be removed successfully from the 
benzene extracts by the use of an additional macro separation column during the 
original sjunple preparation procedure. 

The modified procedure is identical with the original procedure prior to the 
step in which the benzene-33.V sulfuric acid macro separation column is used. 
In the modified jirocedurc this column is developed until bixin and bixin-like 
substances have just rAichcd the column base but not passed into the effluent, as 
indicated by the <»rratically-j)rogressing brown zones they form on the column. 
The benzene effluent, ajiiiroxiniately 100 ml. in volume, contains not only all the 
capric and higher aci<ls but alsi) small amounts of the caprylie and lower fatty 
acuds. The fatty aedds arc removed from the benzene effluent by .several extra(*- 
tions with small volumes of dilute sodium hydroxide. The aqueous solu- 
tion is concentrated, if necessary, to 100 ml. or less, brought to pll 2 with 5 
jier cent sulfuric, acid, and extracted with three 10-ml. portions of thiophene-frec 
benzene. The residual aqueous solution is combined with the aqueous residue of 
the original benzene extra<;tion and set aside. The last traces of aqueous phase 
are separated from the benzene centrifiigally and washed once with 5 ml. of fresh 
benzene. The benzene solution is added without previous ecpiilibration with 
sulfuric acid to a second benzene-33*V sulfuric acid macro separation column in 
which the quantitative separation of the capric and higher acids from the caprylie 
and lower fatty acids is accomplished without interference from bixin and bixin- 
like substances. 

The contents of the two macro separation columns, including packing, are 
combined with the aqueous residues from the two benzene extractions. The ben- 
zene is removed from the re.sulting suspension by distillation at pH 8.5. After 
cooling, the residue is brought to pH 2 with sulfuric acid and the volatile acid.s 
are distilled by the magnesium sulfate method described in the original procedure. 
The bixin and bixin-like substances are non-volatile and remain in the distillation 
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flask residue which is discarded. From this point on, the distillate which con- 
tains an of the lower fatty acids (caprylic and below) of the original sample and 
the neutralized benzene efiSuent of the second macro separation column containing 
the higher fatty acids (capric and higher) subsequently are prepared and chro- 
matographically analyzed exactly as outlined in the original procedure. 

FREE FATTY ACID CONTENT OF CHEDDAR CHEESE DURING MAKING AND RIPENING 

Free fatty acid content of raw and pasteurized Cheddar cheese after making. 
In figure 1 the average levels of the individual free fatty acids of two series of 

PAST. MILK CHEESE RAW MILK CHEESE 



Fig. 1. Free fatty acids in Cheddar cheese during a 420-day ripening period. (The points 
represent average values for two series each with four pairs of cheese. Series 1 data • ; 
series 2 data QO 

pairs of pasteurized milk cheeses and raw milk cheeses made by the procedure 
described under “Methods’" are given. Individual free fatty acids isolated 
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(luring tli(» partition (*hromatographi(* analytical procecinre were* checked for 
identity in two ways. The first of these was their zone positions in column efflu- 
ents. The set^ond consisted of rechromatographing an isolated fatty acid on a 
suitable column after adding an eipiivalent amount of an acid presumably identi- 
(?al. If only one zone was formed and {|uantitative re(*overy of the added known 
fatty acid from that zone was obtained, the two acids were considered identical. 
By the use of these criteria only straight-chain fatty acids having an even number 
of carbon atoms, such as are shown in figure 1, have been dete(ited in Cheddar 
(ih(*(^se; fatty acids having an odd number (»f (*arbon atoms are either absent or 
prcseiit at very low levels. 

As may be seen in figure 1, 42()-day old raw milk cheese has (considerably 
higher levels of (japrylic. and (iapric acids and moderately higher levels of 
a-bntyric and a(?etic acids than corresponding pasteurized milk clieese. CaJ)^()i(^ 
a(cid levels for both types of cheese are approximately equivalent. The higher 
flavor generally develop(»d in aged raw milk Cheddar cheese over corr(*sponding 
pasteurized milk cheese is believed due in part to the higher levels of free volatile 
fatty acids in the raw milk cheese. 

Kigun* 1 also shows that caproic, caprylic and capric acids are absent in both 
raw and ])a.steurized milk cheeses during the first 30 days of ripening, while acetic 
acid is present at approximat(‘ly identical high levels in both types of cheese. 
a-Butyric acid also is found at high levels in both types of cheese during this 
j)eriod, although at a slightly higher concentration in the raw milk cheese. 

As the two typt^s of cheese age, acetic acid levels increase for both through 300 
(lays of ripening. Since' hndose is absent from Cheddar cheese after the first few’ 
days of ripening, most of the aeetic acid produced during the ripening period is 
probably due to lactate and protein decora jmsit ion by the cheese bacterial flora. 

In a previous report (13) the pres(‘nt authors demonstrated that lipases, 
active at the pH of ripening Cheddar cheese, make their appearance in young 
Cheddar ch«»(*se after 5 to 10 days of ripening. It was suggested that these lipases 
may represent intracellular lipases of lactic acid bacteria liberated by bacterial 
autolysis. It is further sugg(‘st('d that part of the free w-butyrie acid and all of 
the free caproie, caprylic, and capric acids showm above to be present in 420-day-old 
raw and pasteurized milk (Munldar cheese are the result of the action of these 
liberated intracellular baett^rial lij)ases on the milk fat of the cheese. The differ- 
ences in amounts of these fatty acids in raw milk cheese and corresponding 
pasteurized milk cheese i)ossibly are due to a large reduction in inimbers by 
pasteurization of bacterial species in milk («apable of liberating intracellular 
lipa.ses through autolysis. 

Free fatty acid content of raw and pasteurized ('heddar cheese during making. 
Upon completion of the studies on the individual free fatty acids of (Jheddar 
cheese after making, it w-as found that no information on the sources of the high 
levels of free acetic and w-bntyric acids present in both raw and pasteurized milk 
cheese at the start of the ripening period (figure 1) could be found in the data. 
Consequently, detailed studies on levels of individual free fatty acids present in 
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raw and pasteurized milk cheese during making and the early stages of ripening 
were carried out. The results of these studies are given in figure 2 which shows 
the average levels of the individual free fatty acids of a series of pairs of pasteur* 
ized milk cheeses and raw milk cheeses other than those used in the ripening 
studies. 

At the start of making, only the acetic and w-butyric acids of the cheese milk 
are significant in amount. The levels of these acids present in both the raw and 
pasteurized milk lots at the time they are placed in the cheese vats are shown in 

PAST. MILK CHEESE . RAW MILK CHEESE 



Fio. 2. Free fatty acids in Cheddar cheese during making and the early stages of ripening. 
(The points represent average values for four pairs of cheese. Breaks in the curves repre- 
sent times of dipping (200 min.). Of the two fatly acid levels given at the dipping time, the 
upper represents the acid removed in the whey while the lower represents that remaining in 
the curd.) 

figure 2. Since the free fatty acids contributed by the starter culture and rennet 
extract added during making are not significant, the small increases in acetic acid 
concentration during the first 200 min. of making undoubtedly are due to bac- 
terial action on milk lactose while those of «-butyric acid are probably the result 
of rennet lipolytic activity (13) and bacterial activity. It will be noted that the 
acetic and n-but3THc acids present in the whey-curd mixture for both types of 
cheese at the time of dipping (200 min.) can be almost completely accounted for 
in the whey after its removal from the cheese curd. The levels of the two acids 
in both raw and pasteurised milk curds increase rapidly during the ensuing 20-hr. 
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period until the levels of eaeli present in cheese at the start of the ripenini? period 
are reached (figure 1). The formation of acetic acid during this period is very 
probably due in large part to bacterial action on milk lactose carried over into the 
cheese curd. The rapid rise in free ti-butyric acid levels in the cheese curd im- 
mediately after dipping is not as easily explained. It does not arise from the 
milk lipase previously studied (12, 13) since this enzyme not only is inactivated in 
the pll range encountered in (.'heddar cheesemaking prior to dipping, but also is 
destroyed during milk pasteurization (4). The complete absence of any type of 
lipolytic activity in ('heddar cheese between the time of dipping and the fifth day 
of the ripening period (13) suggests that the free «-butyric acid in ('heddar 
cheese at the start of ripening probably arises as a fermentation product. 


PASTEURIZED MILK CHEESE RAW MILK CHEESE 



Fig. 3. Variation in free en|Mylie aeid eonleiit of (’heddar eliet*8e8 of the same age. 
(The ranges of free capr^’lic acid content represent the individual acid levels found in the 
I'hoi’HOH of Scries 1 (figure 1). The intiTsections of the ranges with the curve show average 
values.) 

Reproducibility of cheeses. The data of figure 1 represent averages of two 
series of four pairs of raw’ and pasteurized milk cheeses while that of figure 2 
represent averages of a third scries of four pairs of raw’ and pasteurized cheeses. 
The individual curves for each of the pairs of cheeses in each series are very 
similar to the average values presented for that series. The variation ranges of 
free caprjdic acid levels at various stages of the four pairs of cheeses making up 
the first series used in figure 1 are presented in figure 3 and may be seen to be 
within reasonable limits. 


summary 

1. The content of individual free fatty acids of pairs of raw and pasteurized 
milk Cheddar cheeses has been determined by a chromatographic method at in- 
tervals during the making and ripening periods. 
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2. In both raw and pasteurized milk cheese duriiit? the first 30 days of ripening, 
caproic, caprylic, and capric acids are absent, while n-butyric acid is present at 
slightly lower levels than those of the same cheeses at 420 days. Acetic acid levels 
for both types of cheese are approximately one half those of the same cheeses at 
420 days. 

3. Baw milk cheese at 420 days has considerably higher levels of n-butyric and 
acetic acids than corresponding pasteurized milk cheese. Caproic. acid levels for 
the two types are quite similar. 

4. Of the free fatty acids contributed by the milk, rennet extract, and starter 
culture used during cheesemaking, only the acetic and «-butyric acids of the milk 
are significant in amount. There is. however, negligible carryover of these acids 
into the finished cheese, since they can be accounted for completely in the whey 
at the time of dipping. 

5. The action of intra(*ellular bacterial lipases on the cheese fat is believed to 
be responsible for part of the free t»-bntyrie and all of the free caproic, caprylic, 
and capric acids present in agenl raw and pasteurized milk ('heddar cheese. 
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PBEPARTUM MILKING. I. THE EFFECT OF PBEPARTUM MILKING 
ON SOME BLOOD CONSTITUENTS OF THE COW» 

H. D. EATON, B. E. JOHNSON, C. F. HELMBOLDT, A. A. SPIELMAN, L. 3>. 

MATTER80N, E. L. JUNGHEBR, J. H. KRAMER and R. J. SLATE 
Animal Industries Department and Animal Diseases Department, Storrs Agricultural 
Experimental Station, Storrs, Connecticut 

Prepartum milking has been proposed for reducing the incidence of milk fever 
and decreasing mammary and umbilical edema (4, 20). However, Smith and 
Blosser (16) have reported that in a herd of Jerseys, prepartum milking did 
not decrease the incidence of milk fever. This study was undertaken to determine 
quantitatively the effect of prepartum milking upon the changes occurring at 
parturition in total blood hemoglobin, total blood serum calcium, total blood serum 
inorganic phosphorous, and plasma carotene and vitamin A, and on mammary 
and umbilical edema. Secondarily these factors were studied in relation to two 
dietary regimes. 

EXPERIMENTAL 

Aniniah. A total of 43 cows of the Ayrshire, Guernsey, Holstein and Jersey 
breeds in the University of Connecticut herd which calved from November, 1947, 
through December, 1948, were used in the experiment. They were divided into 
four experimental groups which were equalized insofar as possible in respect to 
breed, age, number of previous lactations, anticipated length of dry period, health, 
ancestry and previous dietary history. Groups 1-A and 1-B were not milked 
prepartum. Group 1-A receiving the basal ration alone, and 1-B the basal ration r 
1 million USP units of vitamin A daily for 30 days prior to the calculated par- 
turition date. Groups 2-A and 2-B were milked prepartum, Groui) 2-A receiving 
the basal ration and Group 2-B the basal ration plus the vitamin A supplement 

For 8 weeks prior to the calculated parturition date and for 3 days post- 
partum, all cows received the same basal ration fed on the basis of liveweight. 
This consisted per 100 lb. of liveweight of 1 lb. of U.S. No. 2 alfalfa hay, 3 lb. 
of well matured corn silage, and 1 lb. of a grain mixture consisting largely of 
cereal grains and containing approximately 13.5 per cent crude protein. The 
hay, silage and grain contained on an average 10.79, 1.98 and 0.16 mg. of carotene* 
per pound, respectively, as determined by the method of Moore and Ely (10) as 
modified by Nelson at al (11). The vitamin A supplement was shark liver oil- 
containing 25 per cent by weight of crude soybean lecithin. This oil contained 
an average of 53,000 USP units of vitamin A per g. as as.sayed spectrophoto- 
metrically against the USP Vitamin A reference standard (vitamin A acetate in 
cottonseed oil). On the fourth day postpartum, the cows were returned to the 
milking herd where they received hay and silage ad libitum and grain according 
to milk production. 
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In the groups milked prepartum (2-A, 2-B) twice-daily milking was started 
10 days prior to the calculated parturition date. Actually group 2-A was milked 
for an average of 9.6 ±. 1.2 days prepartum, the two milkings immediately pre- 
ceding parturition yielding 19.5 ± 3.8 lb. of milk. Similar values for group 2-B 
were 10.4 ± 1.4 days and 20.2 ±: 3.1 lb. of milk. All cows were milked twice 
daily after parturition, in most cases beginning within 4 hours. The newborn 

postpartum- BASAL 

P0STPARTUM-BA8AL+VITA 

PREPARTUM->BASAL 

- . PREPARTUM-BASAL-^IT A 



- 1 1 1 , 

-4 .3 -2 >1 0 ^ ^2 .^3 .^4 


WEEKS fHOM parturition 

Fig. 1. The effect of prepartum milking on the hemoglohin and scrum calcium aiul 
phosphorus levels at weekly intervals pre- and postpartum. 


calves were removed immediately without nursing to a separate portion of the 
barn. 

Santplca and Observations, Venous blood samples W'ere collected from all 
cow^s between 7 and 8 a.in. at weekly iiiterv^als for 4 wrecks prepartum and for 4 
weeks postpartum. An additional sample was obtained within 4 hours after 
parturition from each cow' and follow^ed by daily samples for 4 days 
in 26 of the cows. The sample volumes were 60 ml., of which one-half was cit rated 
and one-half was allowed to clot. All samples were held at 4® C. until analyzed. 
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Total blood hemo{?lobin, carotene and vitamin A were determined immediately 
and the serum calcium and inorpaiiic phosphorus usually within 72 hours. 

The mammary and umbilical edema were fjraded independently on a scale 
from 0 to 10 by two of the authors (H.D.E. and R.E.J.) at the first milkini^ post- 
partum. In addition the number of days for the edema to disappear was recorded. 
The milk fever and ketosis cases were diaf^rnosed clinically by one of the authors 
(C.P.H.). These were confirmed by determinations of the serum calcium, blood 
sugar, and urine acetone and histological sectioning of liver biopsies for glycogen 
and fat. Placentas that were not completely expelled within 12 hours after 
parturition were recorded, as retained. Two cows, one in group 1-B and one in 




DAYS FROM PARTURITION 

Fig. 2. The effect of prepartuni mUkiiig on Herutn calcium and pliOMplioruM levels at 
daily inten^als postpartum. 


group 2-B, were given 500 ml. of 20 per cent calcium gluconate intravenously for 
milk fever after taking the blood sample at parturition. A total of five cows 
was given intravenously varying amounts of 40 per cent dextrose for ketosis. 

Analyses, Total hemoglobin was determined by the method of Evelyn 
and Malloy (5), total serum calcium by the method of Clark and Collip (2), total 
serum inorganic phosphorous by the method of Piske and Subharow (6) and 
plasma carotene and vitamin A by the method of Kimble (8). It is recognized 
that the method of Kimble underestimates the level of vitamin A in the presence 
of more than 300 y carotene per 100 ml. plasma (1, 3, 13, 19) . Standard statistical 
procedures (18), such as the analysis of variance and covariance, were used 
to test for difference between treatments. 
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BESIJI/TB AND DISCUSSION 

Data for all cows are given in figures 1 and 3 on tlie levels of hemoirlobiu. of 
serum calcium and phosphorous and of plasma carotene and vitamin A at iiar- 
turition and at weekly intervals before and after. Values for serum calcium 
and phosphorous at parturition and for 4 days postpartum for 26 of the cows 
are inelml<‘d in figure 2. The seort‘s for mammarj' and umbilical edema and some 



Piu. 3. The effect of preiiartuui milking on the pinimia carotene and vitamin A lovela at 
weekly intervale pre- and postpartum. 

Other physiological disturbances occurring at or near parturition are contained in 
table 1. In general prepartum milking did not affect significantly any of these 
criteria. The supplementary feeding of vitamin A prepartum influenced only 
the carotene and vitamin A levels in the blood plasma. 

HemogMin. Total hemoglobin (fig. 1) was not influenced by either pre- 
partum milking or the supplementary feeding of vitamin A. Sinee the greatest 
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change in hemoglobin, as well as in calcium and phosphoarous, occurred at par^ 
turition the difference between the sum of the values observed 1 week before aii<l 
1 week after parturition and twice the value at parturition for each cow was 
used in an analysis of variance. This showed no real differences between treat- 
ments. Although not of primary concern in this experiment, the lower levels of 
hemoglobin occurring after parturition are of interest. With the exception of 
the group milked only postpartum and fed the basal ration, this decrease was 
statistically significant (P > 0.05). 


TABLE 1 


The effect of prepnriiim milkinp on edema and other phynioloffical dintiirhiru’es 
occur rinp at or near partvrition 


Experiment-al Group 


Number of aiiinialH 
Mammarv edema score* 

Days for edema to disappcarb 
Umbilical edema score* 

Ouyg for edema to disappear** 
Incidenee of milk fever® 
Incidence of ketosis® 

Incidence of retained placenta® 


Postpartum 


BhhhI 

Basal Vit. A 

(1-A) 

(1-H> 

9 

n 

1..1 + 0.H 

1.0 + 0 4 

5.4 + 0.4 

r)..5 t 0.5 

0.4 + 0.2 

0.5 + o.;i 

1.2 + 0.5 

1..5 + 0.5 

0 

1 

1 


a 

a 


Prepartum 


Basal 

Basal i Vi! \ 

(2-A ) 

(2 B> 

12 

11 

2.4 + 04 

2 6 + 0 <*. 

10 7 + 0 4 

8.0 + 0 5 

1.1 +o.;i 

1.0 + 0.6 

:i.7 + 0 5 

2,0 0.6 

0 

1 

0 

1 

4 

4 


• Arithmetric mean ± standard error of mean. 
*> Geometric mean ± standard error of mean, 
c Total number of cases. 


The levels of hemoglobin observed in this study are in essential agreeiiuMit 
with those reported recently (9, 14, 15). The marked rise in the hemoglobin at 
parturition may be due to a decrease in plasma volume associated with partur- 
ition. The decrease in the level of hemoglobin after calving may, in contrast, 
be due to an increase in plasma volume, since lactating cows have been reporte<l 
(21) to have higher plasma (and blood) volumes per unit of livewTight than noii- 
lactating cows. 

Serum calcium and inorganic phosphorous. Neither serum calcium nor in- 
organic phosphorous (fig. 1 and 2) was affected by prepartum milking or the sup- 
plementary feeding of vitamin A. An analysis of the drop in serum calcium and 
in inorganic phosphorous at the time of parturition, similar to that described for 
hemoglobin, indicated no real differences between treatments. A more detailed 
study on 26 of the cows covering the 4 days after parturition gave similar results. 
This study and those of Smith et al, (16, 17, 12) indicate that the changes in serum 
calcium and inorganic phosphorous occurring at the time of parturition appar- 
ently are independent of the initiation of lactation. 

Plasma carotene and vitamin A. The plasma levels of carotene and vitamin 
A were affected significantly by the supplementary prepartum feeding of vitamin 
A but were not influenced by prepartum milking. An analysis of covariance 
of the results on carotene used the third week values prepartum as initial levels 
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to adjust individual diff(‘ren<*(*s between cows and an average of the values for 
the 6 weeks thereafter as the response. This analysis indicated a highly signi- 
ficant (1* > 0.001 ) depressit-n in the carotene levels of the plasma of those groups 
fed supplementary vitamin A, The plasma values of vitamin A, excluding the 
4th week prepartum, were higher (P >0.05) in the groups fed sup])lementary 
vitamin A than in the groups fed the basal ration alone. 

The trends in the levels of both carotene and vitamin A are similar to those 
reported previously (3, 20) for cows milked only postpartum. Keyes (7) ob- 
served a similar trend in plasma carotene for cows milked prepartum. The de- 
pression in plasma carotene when supplementary vitamin A is fed also has been 
demonstrated by others and the literature adequately reviewed by Esh ct aL (3) 
and Wise et al, (22). 

Mammary and umbilical edema. The degree of mammary and of umbilical 
edema (table 1) and the days for the edema to disappear were higher in those 
groups milked ])repartuiji, although the difference was not statistically significant. 
The absence of any beneficial residts of prepartum milking on edema does not 
agree with the report of Turner (20). In the animals reported herein, wide 
variability was observed between animals within an experimental group, indi- 
cating that edema associated with parturition was largely a matter of the indi- 
vidual animal rather than of treatment. 

SUMMARY 

The effect of prepartum milking for 10 days prior to the calculated parturition 
date oil the total hemoglobin, serum calcium and inorganic phosphorou.s, pla.sina 
carotene and vitamin A, and mammary and umbilical edema has been studied 
in 43 cows. Secondarily, the effect of feeding daily one million USP units of 
vitamin A for 30 days prior to the calculated parturition date was measured. 

Prepartum milking had no significant effect on the changes occurring at par- 
turition in the several blood constituents, nor did prepartum milking affect sig- 
nificantly the mammary and umbilical edema present at parturition. The pre- 
partum feeding of supplementary vitamin A caused a significant decrease in 
plasma carotene and increase in plasma vitamin A. 
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NTCKEIi IN COWS’ MILK.^ 


J. G. ARCHIBALD 

Masmchvaetls AgrievUnral Experiment Station, Amherxt 

This paper is the fifth in a series on the mineral elements of eows’ milk (2, 3, 
4, 5). Previous investigators (1, 7, 8, 9, 14, 15) are almost unanimous in agree- 
ment that nickel, unlike cobalt and certain other trace elements, is not present 
in milk. Only one group (1) rejmrts its presence (in evaporated milk); the 
others, with one exception (8), do not make any positive statement about its 
absence — it simply is not li.sted among those elements revealed by spectrographic 
analysis of milk ash. In the exceptional case referred to above (8), the authors 
state that *^no evidence has been obtained of any of the following elements in 
pure milk’\ There follows a list of 34 elements in which both cobalt and nickel 
appear, together with the comment that ‘^the complete absence of cobalt is some- 
what unexpected, for it is an element with active biological propcrities”. Cobalt 
has since been found in cows’ milk by several investigators (4, 6, 12, 13), and 
sinc<* cobalt and nickel are so closely related in the periodic system, it has been 
thought worth whih‘ to iiudnde nickel in the series of elements under investiga- 
tion here. The objective has been two-fold: (a) to determine w'hether nickel is 
naturally present in milk, and (b) to find out whether, if pre.sent, the amount of 
it can be increased by fe(»diug a nickel compound to cows. 

KXl’ERLMEN’TAJi 

Tlu‘ procedure was similar to that described in an earlier paper (2). The 
work was carried on during two \\ inter feeding seasons, eight cows being used in 
1948 as in earlier work, and six in 1949. The four breeds represented in each 
sub-group of cows in 1948 wen* the Ayrshire. Guernsey, Holstein and milking 
Shorthorn. In 1949 the last three mentioned were used. Ba(*h breed pair w'as 
quite closely matched W’ith respect to age and stage of lactation. The supplement 
fed was nickel (ou.s) <'hloride (NiCMa • 6II2O) in approximate daily amount of 
500 mg., which is the equivalent of 145 mg. of elemental nickel. One group re- 
ceived the supplement during December and January in 1947-48; the other 
group received it during February and March. Tii 1949 the feeding trial w’as 
started a month later, so that one group received the supplement during January 
and February and the oth<»r during March and April. The reason for repeating 
the trials will appear in a moment. 

Composite 2-day milk samples of 2 1. each were taken from each cow once 
a month. Nickel was determined in triplicate on 500-ml. portions of each sample 
by the method of Alexander ci al. (1). This method, when used in conjunction 
with a quartz spectrophotometer, wwking with standard solutions of nickel 
chloride and known amounts of added nickel, gave good results. Results the 

Boeeived for pubUeatlon June 16, 1949. 

1 Contribution No. 727 of the Massachiisettn Agricultural Experiment Station. 
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first year were obtained with the aid of a grating type of spectrophotometer and 
were not uniform. Admittedly the grating type of instrument is not as delicate 
as the quartz type, and it was therefore deemed advisable to repeat the work a 
second season using an instrument^ that would more adequately resolve the very 
minute differences involved. In addition, as a preliminary to work of the second 
season, each step in the analytical procedure was subjected to rigorous inquiry 
in order to refine technique wherever possible. 

RESULTS 

The values obtained are summarized in the accompanying tables, table 1 con- 
taining the results for 1948, and table 2 those for 1949. In the 1948 results, al- 

TABLE 1 

Effect on nidcel content of the milk of feeding cows nickel chloride {season of 1947-48) 

{y of nickel /h of milk) 


OowB on control ration Cows roeeiving Bupplcnientnl nickfl 


Month 




1st half of the season 




Av. 

«A232 

G639 

H447 

874 

Ay. 

A205 

G629 

H444 

862 

December 

12.8 

20.2 

10.6 

1.6 

11.3 

8.8 

22.6 

20.0 

21.1 

18.1 

January 

10.0 

5.2 

1.2 

2.8 

4.8 

3.2 

2.8 

0 

25.0 

7.8 

Av.—lst half 

11.4 

12.7 

5.9 

2.2 

8.1 

6.0 

12.7 

10.0 

23.1 

13.0 





2nd half of the Beason 





A205 

G629 

H444 

862 

Av. 

A232 

G639 

H447 

874 

A\. 

February 

1.2 

0.5 

10.4 

0 

3.0 

6.4 

0.8 

0.6 

6.0 

3.5 

March 

1.4 

1.4 

0.8 

0.3 

1.0 

1.8 

1.8 

20.4 

1.6 

6.4 

Av. 2nd half 

1.3 

1.0 

5.6 

0.2 

2.0 

4.1 

1.3 

10 ..> 

3.8 

4.9 

Ay.— entire 











season 

6.4 

6.9 

5.8 

1.2* 

5.1 

5.1 

7.0 

10.3 

13.5 

9.0 


» The initial letter prefixed to each cow 'b numljer indicatOB the breed. 


though the trend was toward a higher concentration of nickel in the milk when 
the supplement was fed (9.0y/l. on the average, in contrast to 5,ly ) . as already noted 
the individual values were entirely lacking in uniformity (5 of the 16 possible 
comparisons were in the reverse direction) and because of the wide variations the 
difference in the general averages (3.9y/l.) was not significant statistically. It 
therefore was decided to repeat the work, and it will be noted from table 2 that 
the results were even more inconclusive than in 1948. The cows showed a slightly 
higher average amount of nickel in their milk when not receiving the supplement 
than they did when they received it; there was even greater variability in the 
individual results; and the small average difference was statistically not sig- 

*Tha izutnunent used in this later work was a Model DU Beekman spectrophotometer. 
Measurements were made at a wave length of 385g, usittg Corning filter #9863 (red purple 
Cores A). 
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niiicant. The values for the 1949 season are in general of a much lower magni> 
tude than those for 1948. This is attributed to refinements of technique and 
method and to the use of a more precise spectrophotometer. 

Obviously these inconclusive and conflicting results in 2 successive years mean 
one of two things ; either cows do not secrete supplemental nickel uniformly into 
their milk as they do cobalt (4), or else natural milk does not contain nit'kel at 
all, in which case the widely varying amounts found represent varying amounts 
of nickel dissolved from the milking machine. It was decided to either eliminate 
or confirm this latter possibility. 

TABLE 2 

Effect on nickel content of the milk of feeding cows nickel chloride, (seoifon of 

(y of nickel/l. of milk) 

CowB on control ration Cows receiving supplenieiital nickel 


Month 




Ist half of the trial 





(i(i92 

T1567 

H74 

Av. 

0686 

11444 

S()8 

V. 

Januarv 

0.48 

1.36 

0.48 

0.77 

0.20 

1.12 

0.40 

0.57 

February 

0.52 

1.04 

1.76 

1.11 

0.96 

0.56 

0.48 

0.67 

Av. — iHt half 

0.50 

1.20 

1.12 

0.94 

0.58 

0.84 

0.44 

0.62 





2nd half of the trial 





G686 

H444 

868 

Av. 

0692 

11567 

K74 

Av. 

March 

0.24' 

2.24 

1.12 

1.20 

1.40 

2.20 

0.88 

1.49 

April 

0.32 

0.72 

1.54 

0.86 

0.24 

0.72 

0.66 

0.54 

Ay. — 2ntl lujlf 

0.28 

1.48 

1.33 

1.03 

0.82 

1.46 

0.77 

1.02 

Av. — entire reason 

0.39 

1.34 

1,23 

0.99 

0.70 

1.15 

0.61 

0.82 


At the conclusion of the feeding trial in April, 1949, composite samples for 
two milkings from each sub-group of cows were obtained without any contact 
with metal by milking by hand directly into 2-1. glass jars after the fore-milk 
had been first drawn off and discarded. These samples when carried through 
the usual analytical procedure were found to contain not even a slight trace 
of nickel. 

The conclusion from this final phase of the investigation hardly needs stating, 
but it raises an interesting question. Here are ivto elements- cobalt and nickel — 
side by side in the periodic system ; their atomic weights and atomic numbers are 
respectively : 58.9 and 58.7, 27 and 28. The only known difference in structure 
is a difference of one electron in the “M” orbit; cobalt has 15 electrons in this 
orbit, while nickel has 16. In the past few years it has been shown by numerous 
investigators that cobalt has a remarkable biological significance and wnthin a 
year it has In^en proven to be a constituent of vitamin (H). Nickel on the 
other hand is not known to be essential to biological systems, and here is further 
evidence of the same sort; viz. that either it is not absorbed into the blood stream 
or else the mammary gland excludes it while permitting cobalt to pass into 
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the milk. A similar situation 'with respect to iron and manganese was noted and 
commented on in an earlier paper of this series (5). 

SUMMARY 

Nickelous chloride was fed as a supplement (500 mg. daily) to the rations 
of six cows for a period of 2 months by the double reversal method and the milk 
was analyzed for nickel. Although varying amounts of nickel were found in the 
numerous milk samples taken, it was shown that when the milk was kept from 
contact with metal by milking directly into glass jars, nickel was not present. 

Therefore it was concluded that nickel is not a constituent of natural milk 
and that the varying amounts found in the course of the investigation came from 
the milking machine. 

The difference in this respect be ween cobalt and nickel, two closely related 
elements, is discussed briefly. 
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THE METABOLISM OF THE LACTOGENIC^ HOKMONE' 


T. Y. LIU AND C. W. TUBNEB 

Department of Dairy Husbandry^ University of Missouri^ Columbia 

The lactogenic hormone secreted by the anterior pituitary gland is essential 
for the secretion of milk. It has been suggested that the initial increase in the 
secretion of this hormone at about the time of parturition is due to the action of 
estrogen upon the pituitary gland, and that the maintenance of lactogen secretion 
is largely due to the regular stimulation of the teats at the time of milking (16). 

The mode of action of the lactogenic hormone upon the epithelial cells of the 
mammary gland is not understood, but it is presumed to act upon the enzyme 
systems of the cells which cause the milk precursors coming from the blood to be 
transformed into the several constituents of milk (21). 

Since the intensity of lactogenic hormone secretion by the pituitary un- 
doubtedly is one of the important factors governing the inheritance of the capacity 
for large milk and fat production, it is important that methods be developed to 
measure the secretion rate of this hormone. In experimental animals where they 
may be sacrificed, the determination of the amount of the lactogenic hormone 
present in the pituitary under varjdng physiological conditions has been studied 
extensively. In these studies, there has been observed a high degree of relation 
between the amount of lactogenic hormone present in the pituitary and the rate 
of milk secretion. 

In the larger doinestic aninjals it is impossible to sacrifice the animals, and 
other methods must be developed to measure lactogenic hormone secretion rate. 
Ehrhardt and Vollcr (3) assayed the blood and urine for lactogen during the 
menstrual cycle. They claimed that parallel peaks in both blood and urine were 
observed at the beginning of menstruation and at the time of ovulation. It has 
been shown, also, that the lactogenic hormone is present in the blood of dairy 
cattle, goats and rabbits (20), ajid in the serum of mares during pregnancy and 
lactation (9). Meites and Turner (14) as.saycd the whole, untreated blood of 
rabbits before and after the injection of estrone. There was a definite increase in 
the lacdogen content of the blood associated with an increase in the pituitary. 

During recent years, the problem of hormone metabolism has been under 
intensive investigation. Tliere are many aspects of the problem including the 
question of the use of the hormone by the cells which are activated, the inactivation 
of the hormone in other parts of the body but especially in the liver, and the paths 
of elimination. 

Lyons and Page (13) were the first to report the presence of lactogenic 
hormone in postpartum human urine. They claimed that at least as much of 
this hormone is excreted daily as is present in the bovine pituitary. Lyons (12) 
also showed that lactogen was present in the urine of four new-born male and 

Beeeived for publication Juno 16, 1949. 
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female babies^ who were secreting witches milk. Tesauro (19) found that the 
injection of untreated or extracted postpartum urine from women gave a definite 
increase in the crop-gland weight of pigeons. Hoffmann (6) reported no hormones 
could be detected in women’s urine before parturition in 10 of 11 eases. Follow- 
ing parturition no hormone was detected for the first 2 days, but beginning on 
the third day, with the inflow of milk, lactogen could be demonstrated in the 
urine. Hoffmann (7) further found that in seven of eight cases of deficient 
lactation, the excretion of lactogen was considerably less than in the urine of 
women with ample lactation. 

Langecker and Schenk (8) detected lactogen in the urine of women during 
lactation, and also at the end of pregnancy. One and one-half liters of urinary 
extract was found to be as effective as 1.8 g. of fresh cattle pituitary. 

Liard (11) reported that there was sufficient lactogen in 50 to 150 ml. samples 
of urine from lactating Avoraen to produce milk secretion in guinea pigs primed 
with large doses of estrogen. 

The lactogen content of the urine of ten lactating women during the first 2 
weeks postpartum Avas determined by Meites and Turner (15). They observed a 
daily range in hormone excretion of from 4.05 to 12.50 I. U. Prom 0.8 to 3.0 ml. 
of urine was required for a micro-unit response. In three cases of definite or 
suspected hypogalactia less lactogenic hormone was found than in mothers Avith 
adequate lactation. The three best lactators excreted the highest average amount 
of hormone. 

Goppedge and Segaloff (2) found that the lactogenic hormone content of 
urine collected during 24-hour periods from normal women ranged from 20 to 
100 I. U. and from normal males ranged from 50 to 100 I. IT. 

Stimulated by the discovery of rather large amounts of male hormone in dried 
cow manure [for references see (23)], it seemed of interest to determine whether 
or not other hormones might be excreted into the digestive tract. Since the 
lactogenic hormone is a protein hormone, it might be thought unlikely that it 
would be present in the feces for two reasons- First, if the hormone passed into 
the digestive tract it might be partially or totally digested and rendered inactive. 
Second, that protein Avould pass unaltered through the digestive mucosa in the 
reverse direction. That the lactogenic hormone passes into the urine in a 
biologically active form is proof of the passage through the kidney epithelium. 

The object of the present paper is to describe a method which successfully 
extracted lactogen from dried cow manure, and to report upon the content of the 
hormone in the feces of cows in varying stages of lactation. Its presence in the 
feces of bulls also was observed. 

MATERIALS AND METHODS 

The fresh cow manure free from urine, straw and extraneous material was 
collected and dried by spreading it in a thin layer in an electrical drying oven 
at a temperature of 45® C. for about 48 hours. The sample then was ground in a 
mill to the consistency of alfalfa meal and then was ready for extraction. 

Bergman and Turner (1) made a study of four methods frequently employed 



METABOLISM OF LACTOGENIC HORMONE 


883 


for the extraction of lactogen. They found aqueous alkaline ethyl alcohol was 
satisfactory for the extraction of lactogen, and also for the other pituitary hor- 
mones. It was decided to use ethyl alcohol as the solvent for the extra<*tion of 
the hormones which might be present in the cow manure. 

Initial attempts were made to obtain the protein hormones qualitatively from 
the manure of the lactating cow by successive extraction with 90, 80, 70, 60, and 
50 per cent ethyl alcohol. These extracts were divided into several portions for 
further study. The concentration of alcohol was increased in most cases and an 
attempt was made to precipitate any hormones which might be present by ad- 
justing the pH to their individual isoelectric point. 

A positive qualitative response for the lactogenic hormone was obtained. 
Negative assays for the adrenocorticotrophic, thyrotrophic and gonadotrophic 
hormones were obtained. It was decided to extract the manure for the lactogenic 
hormone without regard to the other hormones and to compare the lactogenic 
hormone excretion by way of the digestive tract from bulls and high and Ipw 
milk producing cows. 

In the beginning a few attempts were made to })recipitate the active material 
from th(‘ alcohol extract suspension by tannic acid, benzoic acid as used for pre- 
cipitating the protein hormones from urine, and by increasing the concentration 
of the alcohol solution. It was found that increasing the alcohol concentration 
was the most effective method. It was also found that extraction with 40 per 
cent ethyl alcohol w^as most effective. The steps are as follows ; 

1. A 1 kg. siimple of dried cow manure which was collected individually was 
mixed thoroughly with 10 1. of 40 per cent ethyl alcohol. 

2. The suspension was brought to pH 10 (Beckman glass electrode) by the 
addition of 1 N NaOH solution, and was kept at room temperature for 4 hours 
with frequent stirring. 

3. The residue was removed by the aid of a centrifuge fitted with a perforated 
disc and a draining chamber. One-fifth of the original quantity of alcohol can be 
obtained by this method. 

4. The fine particles in the suspension were removed by centrif uging in large 
centrifuge bottles. 

5. The combined clear supernatant fluid was then filtered through a no. 1 
filter paper on a Buchner funnel with suction. 

6. A volume of 90 per cent alcohol was added so as to increase the alcohol 
concentration to 65 per cent and brought immediately to pH 6.5 by the addition 
of 1 N HCl solution. It then was kept at a temperature of - 1 to - 5° C. for 12 
hours, at the end of which x>eriod the precipitate had settled down to the bottom 
of the container. 

7. The supernatant solution was sucked out by the aid of vacuum. The 
precipitate together with a small quantity of fluid was poured into large centri- 
fuge bottles which were kept at - 1 to - 5° C. 

8. The solution was centrifuged and the precipitate discarded. A one-half 
volume of 95 per cent ethyl alcohol was added to the combined supernatant solu- 
tion go as to increase the alcohol concentration to 75 per cent. The mixture was 
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brought to pH 5.7 by the addition of 1 HGl and kept at a temperature of 
— 1 to -5® C. for 12 hours, at the end of which period the active material had 
settled down to the bottom of the container. 

9. The supernatant solution was sucked out and a small amount of fluid was 
separated from the precipitate by centrifuging under cold conditions and was 
discarded. 

10. The precipitate was dissolved in distilled water by adjusting the pH to 9 
and was dialyzed against distilled water for 24 hours. For dialyzing, a cellulose 
casing was used. It was soaked in distilled water for 5 to 10 minutes, tied at one 
end, filled with solution, and then the other tied, and placed in a large beaker 
containing distilled water which was changed several times. The beaker was 
kept under cold conditions. By this step the active material loses much of its 
toxic and inflammatory properties. 

11. After dialyzing, 5 volumes of 95 per cent alcohol were added to the 
dialyzed solution which was brought to pH 5.7 by the addition of 1 JV HGl and 
kept at - 1 to - 5® G. for a few hours. 

12. The precipitate was collected by centrifugation and was washed four times 
with 95 per cent alcohol and three times with ether. 

13. After the last washing, the precipitate was easily dried by holding the 
centrifuge bottle in front of an electrical fan. The grayish dry material was 
ground to pass through an 80 mesh sieve and was then ready for biological 
assay. 

To determine the amount of lactogenic hormone present, the very sensitive 
“micro” assay was used (15). It is based upon the proliferation of the crop 
gland of pigeons after intradermal injection over the crop glands. The dried 
extracts which were screened through an 80-mesh sieve w^erc dissolved in dis- 
tilled water and adjusted to pll 9 with NaOH solution. After the extract was 
completely dissolved the solution was brought to the isoelectric point with HCl 
so as to precipitate the protein and to slow down the absorption rate from the 
site of injection. The volume of fluid injected daily amounted to 0.1 ml. In all 
quantitative assays, preliminary tests were made at three dosage levels in a few 
pigeons in order to approximate the unit. The “micro” unit is defined in our 
laboratory as that amount of hormone which, when injected intradermally over 
the crop gland of 20 pigeons, will elicit a minimum but definite response in 
50 ± 1 10 per cent of the pigeons. This unit is equivalent to 1/160 I. IJ. of 
lactogenic hormone. 

RESULT OF QUANTITATIVE ASSAY OF LACTOGENIC HORMONE 

Quantitative assays for lactogen were made on the extracts of cow manure 
from individual cows. It is shown (Table 1) that in general the cows producing 
considerable milk execreted more lactogenic hormone through their digestive 
tract than the low producing cows except in the case of H 139, which was a 
relatively good milk producer, yet execreted less lactogenic hormone than the 
low producer H 95. The lactogenic hormone content of 1 kg. dry manure of high* 
producing cows ranged from 47.9 to 200 “micro” xmiiB (0.29 to 1.25 I. U.), 
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TABLE 1 

Correlation between miXk record and the lactogenic hormone content of bovine manure 


Becords of Dairy Cattle 


Yield of Lactogenic Hormone Con- 

Extract tent of cow manure 


Aniinal 

no. 

Sox 

Monthly milk 
‘ production 
when sample 
was collected 

From freshening 
to the time of 
sample collection 

Av. total 

yifildAK- 

of sample 

Mg./ 

micro 

unit 

Av. total unit/kg. 
of sample 

Micro 

unit 

Interna- 

tional 

unit 

Total milk 
production 




(»•) 

(16.) 

<d.) 





J977 

F. 

645.0 

645.0 

27 

3200.0 

20 

160.0 

1.00 

H139 

F. 

1064.6 

2599.6 

68 

1150.0 

24 

47.9 

0.29 

H46 

F. 

460.2 

7362.3 

247 

2400.0 

24 

300.0 

0.62 

H63 

F. 

1468.0 

5456.9 

104 

2020.0 

24 

84.1 

0.52 

H84 

F. 

1030.0 

5964.0 

130 

1300.0 

16 

81.2 

0.50 

H81 

F. 

1427.0 

1625.0 

35 

3600.0 

18 

200.0 

1.25 

J9S7 

F. 

494.6 

4095.0 

243 

1180.0 

32 

36.8 

0.23 

J994 

F. 

440.9 

2600.3 

186 

1208.0 

28 

43.1 

0.26 

H95 

F. 

383.7 

6729.0 

265 

1156.0 

24 

48.1 

0.30 

H 

M. 




1022.0 

36 

28.0 

0.17 

H 

M. 




1000.0 

32 

31.0 

0.19 


while the low producers ranged from 36.8 to 48.7 “micro** units (0.23 to 0.3 I. 
U.). The two bulls execreted nearly as much as the low milk-producing dairy 
cows. i.€. 31.2 and 28.3 micro units (0.19 and 0.17 I. U.), respectively. 

' DISCUSSION 

The lactogenic hormone content of the pituitary remains low during most 
of pregnancy in experimental animals, but there is an abrupt increase shortly 
before or after parturition. Also tlie urinary lactogen content of lactating 
women increases after parturition and usually is related to the ability to secrete 
milk. In most experimental animals except guinea pigs, the pituitary lacto- 
genic hormone content of females is higher than the males. 

Although no experimental data are available on the urinary lactogenic hor- 
mone content of lactating dairy cattle, this investigation of the lactogenic hor- 
mone content of dried manure has shown that there may be a relationship between 
the milk producing capacity and the lactogenic hormone excretion from the di- 
gestive tract. 

The discovery of lactogenic hormone in dairy cow manure raises the question 
of how and where this hormone is secreted into the digestive tract. The routes of 
excretion of metabolic by-products and the hormones in their active or inactive 
forms from the living body are: 

(a) . The urinary system through which the water, minerals, protein metabolic 
products, pigments, toxic substances, protein hormones such as gonadotrophin, 
adrenocorticotrophin, thyrotrophin, and steroid hormones such as estrogen, 
androgen and inactivated progesterone known as pregnandiol are execreted. 

(b) . The respiratory system through which water and carbon dioxide are 
eliminated. 
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(c) . The sweat glands by which the sweat is secreted. The composition of 
sweat is nearly the same as the urine, but to what extent the hormones are ex- 
creted by the sweat glands is still a question. 

(d) . The digestive tract and its accessory organs such as the liver. The liver 
secretes bile which is poured into the digestive tract. In the bile the steroid 
hormone estrogen (17) has been found. Considerable amounts of estrogen (10) 
and androgen (23) have been found in cow manure. 

Of great interest is the fact that the epithelial cells of the intestine have botli 
absorptive and secretory functions. Nutrients are absorbed by these cells into 
the blood, while digestive enzymes, mucin and several hormones such as secretin, 
eholecystokinin, enterogastrone, villikinin, etc., are formed by these cells and 
poured into the lumen of the intestine. 

The lactogenic hormone is protein in nature and is manufactured by the 
anterior pituitary from where it is carried by the blood stream to the mammary 
gland. As it has been found in colostrum (5) of cows lactating normally, it is 
known that this hormone can be picked up by the mammary gland from the blood 
and execreted together with milk, .so it is possible for the epithelial cells of the 
intestine to function in a similar manner. There might be another possibility 
for lactogenic hormone to reach the intestinal lumen if it were present in the bile. 

Due to the fact that lactogenic hormone is inactivated by both pepsin and tryp- 
sin, it would be reasonable to suggest that in case it is excreted by the epithilial 
cells of the intestine, only that part which is excreted in the lower portion of the 
intestinal tract would be present in the feces in an active form unless it were 
protected from the digestive enzymes in some way. 

It would be of interest to estimate the daily excretion of lactogenic hormone 
through the digestive tract, A dairy cow w^eighing 1000 lb. has been reported 
to excrete daily 59 lb. (4) of fresh manure. As the dry matter content of fresh 
manure is about 15 per cent (22), this would equal about 4.02 kg. dry matter 
per day. The average lactogenic hormone content per kg. of dry matter as in- 
dicated by these data is 0.54 I. TJ., so the daily lactogenic hormone excretion 
would be 2.17 I. U. The average lactogenic hormone content of the pituitary 
of the dairy cow has been estimated to be about 56.28 I. U. (18). Thus, 3.8 per 
cent of the lactogen contained in an average bovine pituitary is excreted in an 
active form through the digestive tract. 

SUMMARY 

1. Cow manure free from urine and extraneous materials was ccdlected and 
dried in an electrical drying oven at a temperature of about 45® C. for about 48 
hours. 

2. Forty per cent aqueous alkaline ethyl alcohol extracts of individual samples 
of lactating cow and bull manure were precipitated by increasing the alcohol 
concentration to 75 per cent at pH 5.7 under cold conditions. 

3. The average yield of lactogenic hormone from one kilogram dry manure 
ranged from 0.29 to 1.25 international units for the high milk producers, from 
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0.23 to 0.3 international units tor the low milk producers, and from 0.17 to 0.19 in- 
ternational units for the bulls. 

4. It was concluded that there might be a relationshij) between the amount 
of lactogenic hormone excretion into the digestive tract an<l the milk producing 
ability. 

5. Possibly lactogenic hormone is secreted into the dig(*stive tract, but only 
that part which is excreted in the low«»r portion of the intestine is excreted to- 
gether with the feces in an active form. 
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lu studying: the phosphorous metabolism of dairy cows by the use of radio- 
active tracers (16), it was necessary to develop a suitable injection and bleeding 
technique which would fulfill the following requirements: (a) It must permit 
complete injection of the radioactive material for hazard control; (b) it must 
provide for accurate and rapid injection of the material, followed immediately 
with the withdrawal of blood samples; (e) it must allow for the bleeding at fre- 
quent intervals over long periods (4 to 5 w^eeks) ; and (d) it must minimize the 
disturbance and apprehension of the cow, conditions which have been shown to 
affect the blood phosphorous values. 

REVIEVr OP LITERATURE 

Forssman (9) in 1929 catheter ized the right auricle on himself, after exposure 
of a vein of the arm by a surgeon. From 1930 to 1939 this technique (4) of 
catheterizing the right heart was widely used in Europe for injecting contrast 
substances in order to visualize the right chambers of the heart and the pul- 
monary vascular tree. Cournand and Ranges (2) modified the Forssman tech- 
nique. They used a specially made gauge (no. 10) Lindeman type of needle; a 
three way stopcock with a Leur lock; a tightly fitted adapter; and a No. 8 P 
flexible. X-ray opaque, varnished, silk catheter with two holes, one at the rounded 
tip and another about 1 cm. from the tip. A saline reservoir with rubber tub- 
ing and a clamp for controlling the rate of flow was used to supply a constant 
flow of saline, at the rate of 15 drops per minute as an anticoagulant. The 
catheter was introduced into the median basilic vein of either arm. The pas- 
sage of the catheter through the vein was accomplished while the patient was 
on a fluoro.scopjc table. There wa.s no evidence of blood clotting or thrombi in 
the holes of the catheter. 

Since the Cournand and Ranges (2) paper, venous catheterization has been 
employed to obtain blood samples from the coronary sinus of man (1, 12, 20), 
of the dog (8, 10, 11, 12, 13), the right auricle of man (2, 3, 4, 6, 12, 23, 24), 
of the dog (21), the hepatic vein of man (24), the portal vein of the dog (5), 
the jugular vein of man (18), of the dog (25), and the pulmonary artery of the 
dog (8, 10, 15), as well as in the measurement of cerebral blood flow in man 
(14), in the monkey (6, 22) and in the dog (14). 

Catheters made of various materials have been used : steel or other metal can- 
nulae (13, 14, 21), a soft ureteral catheter (9), a flexible radiopaque ureteral 
catheter (1, 2, 3, 4, 8, 10, 15, 24), and a modifled, tapered tipped ureteral cath- 
eter with a woven, shellacked nylon core covered with a heavy X-ray-opaque 
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plastic covering. This latter catheter has been modified (12) by the addition of 
two small side eyes, with shallow grooves on the outer surface of the catheter 
leading forward from the side eyes to the terminal eye. Unspecified plastic 
catheters (25), vinylite (18) and polyethylene (5) catheters have been used for 
intravenous work. Pol 3 rvinyl chloride tubing (19) was used for prolonged in- 
tramuscular injections. 

Several thousand short-time catheterizations of the right auricle, to deter- 
mine the cardiac output in man, have been performed in various laboratories 
without serious ill effects. However, it is a potentially dangerous procedure 
and should only be carried out with considerable care and thoughtfulness (20). 
Occasionally linear mural thrombosis occurred in patients near the site of inci- 
sion when the catheters were left in place for 24 hours (3). Plastic intravenous 
catheters, used for protracted administration of various drugs to patients caused 
a transient phlebitis about the tube when left in the vein for several days (18). 
This condition may have been due to the injected fluids rather than the presence 
of the tube. 

Dogs with the external jugular vein catheterized for 4 to 5 weeks showed 
that the veins were thrombosed around the tube in about half of the cases (25). 
In patients, the injection of materials into the median basilic vein for 12 days 
was satisfactor 3 ^ This author felt that thrombosis of the veins occurred when 
concentrated or irritating substances were infused. Subendocardial fibrosis, 
mural thrombi and subendocardial hemorrhage were found in the right auricle 
after catheterization of the right heart (10). Following catheterization of the 
pulmonary artery, the right ventricle and the tricuspid valves showed some in- 
jury. Dogs were catheterized (11) seven times during 4 months, with only 
three failures out of 68 catheterizations. The catheters were left in the dogs up 
to 5 hours. Blood samples were obtained from the portal veins of dogs (5) for 
an average of 21 days and a maximum of 34 days after insertion of the catheter. 

It is apparent from the foregoing summary that blood can be obtained satis- 
factorily by the use of catheters. Further investigations, however, are needed 
to improve the technique and to evaluate the effect of the infusion of various 
materials on long term blood sampling. 

EXPERIMENTAL PROCEDURE 

A smooth, flexible, transparent tubing made of polyvinyl chloride was used 
as a catheter. This tubing (^ ^spaghetti'*) is used as insulation by electricians 
and can be obtained from electrical supply houses. Our catheters were 40 to 
45 cm. in length with an inside diameter of 1.4 mm. and an outside diameter 
of 2.2 mm. 

In our experiments catheters were placed in both external jugular veins of 
cows. Radioactive substances were injected into one jugular vein, while blood 
samples were drawn from the other. Prior to insertion of the catheter, the ftkin 
area over the jugular veins was closely clipped and local anesthetic (procaine) 
injected at the site of insertion. A jugular tourniquet was applied. Then a 
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sterile hypodermic needle of 10 to 12 gauge was thrust into the vein. A needle 
with a relatively short beveled point was used with the short edge of the bevel 
turned in the direction which the catheter was to travel. The sterile catheter 
was inserted through the needle into the vein, leaving 6 to 8 cm. protruding. 
The needle then Avas removed. A small clamp halted the flow of blood through 
the catheter and held the tube in place to prevent it from being drawn into the 
blood stream. Finally, the catheter was filled with a sodium heparin solution 
(4 mg. sodium heparin per 100 ml. of 0.9 per cent saline) to wash out the blood 
and prevent the formation of a clot. The catheter then was closed with a plug. 
A sterile, heavy silk suture was placed in the skin to form a loop close to the 
catheter. The catheter then was tied to the suture my making three single 
knots. 

A syringe fitted with a 16 gauge needle w^as used to draw blood samples. 
To reduce the apprehension of the coav and to prevent her from pulling out the 
catheter during bleeding or injecting, the catheter w^as lengthened by using the 
tubing from a 16 gauge needle ctmnected to an additional piece of “spaghetti*^ 
15 to 20 cm. in length. 

Prior to drawing a blood sample, the catheter was washed with heparinized 
saline to remove any clot which may have partially closed the tube. Occasion- 
ally considerable force was necessary to open the catheter. Often a valve-like 
clot formed in the catheter which permitted injection but not withdrawal. 
Following the bleeding, the injection of heparinized saline was repeated. 

EXPERIMENTAL RESULTS 

Nineteen catheters were used in twelve trials on five different cows. Blood 
was obtained through these catheters at the rate of 1 ml. per sec. Bleeding 
caused very little disturbance to the cows. One sample was secured while one 
cow was lying in a paddock chewing her cud. Numerous samples were drawn 
when the cow^s Avere eating or ruminating. The length of time a catheter re- 
mained opened varied from 2.1 hours to 14.5 days (table 1). 

From one coav 24 samples Avere obtained in 14 hours. During a 38-day trial, 
another cow had five catheters inserted into the right jugular vein from which 
135 samples of blood were taken. In the same period only one catheter was 
placed in the left jugular vein for repeated injections of radioactive material 
at 12-hour interv^als. 

Preliminary trials with calves as Avell as catheterization of the carotid artery 
of one dairy cow for 4 days show promise. 

In two instances catheters were drawn into the blood stream, in one cow 
Avhen the needle was being withdrawn and in the other cow when the tubing 
was being placed in the opposite vein. No deleterious physiological effects were 
observed during the following 66 and 48 days respectively, at which time the 
cows were slaughtered. At autopsy, one catheter was found in the right pul- 
monary artery. No gross abnormalities were observed. 

Oresson and Glenn (5) report that polyethylene (catheters caused a clotting 
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reaction in some of their dogs. Only in one out of twenty dogs did a complete 
thrombosis occur and then this followed three separate catheterizations of the 
portal vein at 2 and 3 week intervals, the catheter having been left in the vein 


TABLE 1 

Time venom catheters remained functional and number of samples obtained 


Trial 

no. 

Cow no. 

Catheter 

Blood samples 
per 

catheter 

Functional 

time 

Condition 

of 

catheter 

1 

798 

a 

4 

3.3 hr. 

occluded 

2 

890 

a 

4 

2.1 hr. 

occluded 

3 

798 

a 

9 

15.6 hr. 

open 

4 

890 

a 

6 

1.1 d. 

open 

5 

890 

a 

21 

4.0 d. 

open 

6 

798 

a 

17 

1.0 a. 

open 

7 

890 

a 

7 

2.2 hr. 

occluded 



b 

10 

3.8 d. ' 

occluded 

8 

798 

a 

9 

1.0 d. 

open 

9 

890 

a 

13 

3.0 d. 

open 

10 

853 

a 

8 

10 Od. 

occluded 

11 

834 

a 

8 

3.1 d. 

occluded 



b 

25 

4.3 d. 

occluded 



c 

43 

8.5 d. 

occluded 



d 

35 

7.0 d. 

occluded 



e 

24 

14.5 d. 

occluded 

12 

757 

a 

45 

11.0 d. 

occluded 



b 

10 

1.3 d. 

occluded 



c 

3 

2.0 d. 

occluded 


for 2 months. In one of the cows, slaughtered 18 days after the catheters had 
been inserted, a complete thrombus was found in both the right and left jugu- 
lar veins. The occluded portion corresponded approximately to the length of 
the catheters in the veins. 

SUMMARY 

A technique of venous catheterization has been adapted to dairy cows, which 
allows numerous blood samples to be taken at short intervals and the frequent, 
accurate intravenous injection of substances (particularly radioactive material) 
over a long period with a minimum of disturbance to the animals. 
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A METHOD FOR ESTIMATING THE FEED-REPLACEMENT 
VALUE OF PASTURE FORAGE 

W. B. NEVENS, B. W. TOUOHBEEBY and J. A. PBESOOTT, JB. 

Department of Dairy Science, Univereity of Illinois, Urhana 

Improved methods for determining the yields of pastures have been given 
much attention by both agronomic and livestock investigators. Agreement has 
been reached with regard to many of the procedures which should be followed 
and an outline of pasture techniques (1) has served as a useful guide for many 
research workers. An excellent review and appraisal of methods used in evalu- 
ating the results of pasture studies has been presented by Ahlgren (2). 

The determination of yields by agronomic methods proves satisfactory under 
many conditions but has the limitation that yields alone do not indicate the 
value of the forage for livestock production. The investigation reported here- 
with had as its objective the designing of a simple method for the measurement 
of the feed-replacement value of pasture forage. 

EXPERIMENTAL 

Two experimental groups, each containing 13 registered Holstein cows, were 
established. Division into groups was made by selecting two cows as nearly 
alike as possible with respect to weight, stages of lactation and gestation, and 
level of milk yield, and then assigning at random one cow to the Pasture 
Group” and the other to the “Dry-lot Group.” The cows of the pasture group 
had been in milk for 109 days (group average) and those of the dry-lot group 
116 days (group average) since the last calving date. Five cows of the pasture 
group were pregnant, the average stage of gestation being 31 days. One dry- 
lot cow had been pregnant for 22 days at the beginning of the trial. 

The pasture group was allowed access to pasture and was given grain mix- 
ture (bam-fed) as the only supplementary feed. The dry-lot group was barn- 
fed on silage, alfalfa hay, moistened beet pulp and the same kind of grain mix- 
ture as that given to the pasture group. The silage feeding program was ; corn 
silage (dry-matter content, 30.1 per cent) for 1 week; sorghum silage (dry- 
matter content, 22.3 per cent) for 5 weeks; corn silage (dry-matter content, 
30.1 per cent) for 4 weeks; Sudan grass silage (dry-matter content, 29.3 per 
cent) for 4 weeks; and grass-legume silage (dry-matter content, 26.1 per cent) 
for 4 weeks. The alfalfa hay was chiefly second-cutting hay with a dry matter 
content of 84.2 per cent (average of determinations). The grain mixture con- 
sisted of ground corn, 350 lb. ; ground oats, 300 lb. ; wheat bran, 150 lb. ; brewers^ 
dried grains, 50 lb.; soybean meal, 120 lb.; bonemeal, 15 lb.; and salt 15 lb. 

It originally was planned that the cows of the pasture group would be fed 
the same amount of grain mixture as the cows in the dry-lot group so that the 
amounts of feed saved by pasture could be measured in terms of roughages. It 
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was soon found, however, that the cows at pasture would not eat as much grain 
mixture as the ones in the dry-lot group. 

The experimental period extended from May 17 to September 19, 1948, in- 
clusive, a total of 126 days. Both groups of cows w^ere started on experimental 
feeding at the same time and w^ere carried throughout the entire period without 
change. After the cows had been on trial for 1 week and had become adjusted 
to the experimental feeding, they were weighed for 3 successive days. They also 
were weighed on 3 successive days at monthly intervals and at the end of the 
trial period. 

The amounts of feed (other than pasture forage j which were offered and 
refused were carefully weighed and recorded. The amount of milk produced 
by each cow at each milking was weighed and butterfat tests were made of com- 
posite samples of milk made up from the milkings of each cow on 4 days of each 
week. Production records were computed to an F.C.M. (fat-corrected milk) 
basis (3). 

The pasture consisted of grass-legume mixtures seeded in the spring of 1947 
and grazed for the iSirst time at the beginning of tins trial. The crops included 
bromegrass-Ladino clover, bromegrass-alfalfa, brom(‘gras.s-birdsf(>ot trefoil and 
orchard grass-Ladino clov(*r. Rotational grazing was practiced for a part of the 
.season. The dry-matter yield of the pasture forage as determined by the pro- 
tectcd-cagc ainl (dijiping method was 9,370 lb. per acre, of which 1,320 lb. re- 
mained on the pasture at the close of the trial. 

RESULTS 

A summary of the feed consumption, milk production, and liveweight gains 
is given in table 1. The average daily milk production during the trial was 


TABLE 1 

Milk production, Itvrwi^pht pinna and feed ammmption of cows kept in dry Jot and at pasture 



Pry lot group 

Per cow Per 100 

daily lb. F.C.M. 

Pasture group 

Per cow Per 100 

daily lb. F.C.M. 

Feed saved 
per acre of 
pasture* 


(ib.) 

(Ih.) 

(lb.) 

(lb.) 

(75.) 

F.G.M. produced 

34.1 


35.1 



Liveweigut gain 

0.8 


1.3 



Feed consumed: 






Silage 

31.9 

93.8 



3,739 

Bay 

17.2 

.50.6 



2,017 

Be^ pulp 

1.5 

4.4 



175 

Grain mixture 

. . 11.9 

34.9 

7.8 

22.1 

510 


* Or feed-equivalent value per acre of pasture. 


practically the same for each group. The cows in the pasture group made 
slightly greater live\veight gains than the dry-lot cows, thus showing that the 
pastured cows were as well fed as those in the dry-lot group. 
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The amount of feed saved by pasture is found from table 1 by subtracting the 
amounts of feed other than pasture forage consumed by the pasture group from 
the amounts eaten by the dry-lot group. For each 100 lb. of F.G.M. it was 93.8 
lb. of silage, 50.6 lb. of hay, 4.4 lb. of dried beet pulp, and 12.8 lb. of grain mix- 
ture. These amounts multiplied by the yield of P.C.M. per acre (39.86 cwt.) 
gives 3,739 lb. of silage, 2,017 lb. of hay, 175 lb. of beet pulp and 510 lb. of grain 
mixture, respectively, as the feed saved, or the feed-equivalent value, of an acre 
of pasture (table 1). 

The figures also furnish the basis for calculating the money value of an acre 
of pasture. The receipts from the sale of milk produced per acre (3,986 pounds 
P.C.M.) less the cost of the grain mixture fed per acre (881 lb.) gives the cash 
value of the feed obtained from pasture. 

ANALYSIS AND DISCUSSION OP DATA 

The yield of P.C.M. in pounds for each cow was calculated for each of the 18 
weeks. The yields of one pair of animals for 1 week were called a weekly pair. 
Table 2 gives the analysis of variance of the weekly pairs on the basis of the 
variation between and within weekly pairs. 

TABLE 2 

Amlysis of variance of F.CM. per cow per week 


Source 

Sum of 
squares 

Degrees 
of freedom 

Mean 

square 

Total 

2,435,835 

467 


A — ^Between weekly pairs 

1,711,064 

233 


Weeks 

520,846 

17 

.30,638.00** 

Cow pairs 

1,085,634 

12 

90,409.50** 

Weeks X cow pairs 

104,584 

204 

512.67 

B — ^Within weekly pairs 

724,771 

234 


nations 

6,030 

1 

6,030.00 

Bations x weeks 

24,965 

17 

1,468.53 

nations x cow pairs 

. 506,998 

12 

42,249.83** 

nations x weeks x cow pairs 

186,778 

204 

915.58 


** Significant at the 0.01 level of probability. 


The sum of squares between w^eekly pairs was broken down into three parts. 
One part was associated with the differences between cow pairs. Another was 
associated with the differences brought about by the time trend as measured in 
weeks. The third part was associated with the interaction of the two former 
sources. Using the mean square for interaction between weeks and cow pairs 
as an error term, the mean squares for weeks and cow pairs were significant at 
the 0.01 level of probability. This was expected and hardly needs an explana- 
tion 

The sum of squares within weekly pairs was broken down into four parts. 
These four parts were associated with the differences between rations and the 
two first-order interactions and the one second-order interaction involving 
rations. 
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Using the second-order interaction, ration x weeks x cow pairs, as an error 
term, the two first-order interactions were tested. The interaction, ration x cow 
pairs, was significant at the 0.01 level of probability. This may indicate a differ- 
ential rate of response to the two rations from one pair of cows as compared to 
another. It may also be a fact that the members of a pair just failed to per- 
form similarly irrespective of the ration fed. The intraclass correlation of the 
weekly pairs was 0.407, which shows that the pair members were far from being 
identical. 

The first-order interaction, rations x weeks, was not significant. This points 
out that one ration was as consistent as the other in maintaining F.C.M. yield 
for the 18 weeks. There was no appreciable differential response from the 
two rations from one week to another. In figure 1 the regression of F.C.M. 



Fio. 1. The regression of F.C.M. per cow per wt*ek on time as inensurcd in weeks. 

per oow per week on weeks for the pasture group is slightly larger than the 
corresponding regression for the dry-lot group. Both regression coefficients are 
negative, and are not significantly different from each other. 

The mean square for rations when tested by the interaction, ration x cow 
pairs, was not significant. Since the mean square for ration was smaller than 
that for the ration x cow pair interaction, the interaction was divided by the 
main effect in making the F test. From the analysis of variance and regression 
lines one can say that the two rations have not produced significantly different 
effects on the yield of P.C.M. 
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Table 3 gives the analysis of variance for the monthly weights of the cows on 
experiment. The weight at each interval or month was recorded as the average 
of three successive daily weights. The sum of squares for weights was broken 
down into the two parts, between monthly pairs and within monthly pairs. 
The differences associated with months and cow pairs were highly significant. 
The difference between the weights of the cow pairs was expected because of the 
pairing of similar animals. The changes in weight from one month to the next 
were mainly a manifestation of gain in weight. Figure 2 shows that in only 

TABLE 3 

Analysis of variance of the monthly weights 


Source 

Degrees 
of freedom 

Sum of 
squares 

Mean 

square 

otal 

129 

2,012,315 


Between monthly pairs .. 

64 

1,245,752 


Cow pairs .... 

12 

931,829 

77,652** 

Months ... 

4 

284,871 

71,218** 

Months X cow pairs 

48 

29,052 

605 

Within monthly pairs .... 

65 

766,563 


Rations 

1 

2,669 

2,669 

Rations X months . .. 

4 

18,405 

4,601* 

Rations x cow pairs 

12 

681,117 

56,760** 

Rations X months X cow pairs 

48 

64,372 

1,341 


* Significant at 0.05 level of probability. 

** Significant at 0.01 level of probability. 

one case was there a loss in weight, and this was daring the second month. The 
cause of this loss of weight is not known. 

The sum of squares within monthly pairs was broken down into four parts. 
That part attributed to differences between rations was not significant while 
the first order interaction mean squares rations x months and rations x cow pairs 
were significant at the 0.05 and 0.01 level of probability, respectively. The 
ration x cow pairs interaction is an expression of a differential respon.se of the 
cow pairs to the two rations ; this may be nothing more than the failure of mem- 
bers of pairs to perforin similarly in changes in weight irrespective of ration. 
The ration x months mean square denotes a differential response to the two ra- 
tions from one month to another. Figure 2 gives the average weight of the two 
groups at monthly intervals, and the interaction is clearly shown in the third and 
fourth monthly periods. The regressions of weight on time as measured in 
monthly intervals (fig. 2) were not significantly different for the two rations. A 
t test of the gains of the pair members showed no difference in the total gains 
made under each ration. 

The analyses made make it possible to accept the hypothesis that there was no 
difference in the F.C.M. yield and weight gains of the two groups on the two dif- 
ferent rations. Approximately the same amount of energy was consumed by 
the two groups, so the pasture has replaced the amount of grain, hay, and silage 
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which the cows on dry lot had in excess to that piven the pasture group. This 
is probably a minimum estimate of the replacement value of pasture, because of 
more exercise of the pasture group, and bec»ause of the slightly larger, but not 
significantly so, yields of F.C.M. and gains in weight of the pasture group. 

SUMMARY AND CONCLUSIONS 

The milk-production value of pasture in terms of the amount of feed re- 
placed by pasture forage was studied by means of a group of 13 cows fed only 
grain mixture and given access to pasture and a comparable group of 13 cows 
kept continuously in dry lot and barn fed on silage, hay, beet pulp and grain 
mixture over a period of 18 weeks. The amounts of milk produced were large 
and were practically the same for each of the tw^o groups throughout the ex- 
perimental period. Live w’cight gains for both groups were good, indicating 
that the amounts of nutrients supplied were ample. 

Statistical analyses of the data indicate that thtTc were no significant dif- 
ferences in the F.C.M, yield and weight gains of the two groups on the different 
rations. The feed-equivalent value of an acre of the pasture used in this investi- 
gation was foumi to be 3,739 lb. of silage, 2,017 lb. of hay, 175 lb. of beet pulp 
and 510 lb. of grain mixture. 

The procedures followed provide a dependable method for estimating the 
value of pasture forage consumed by dairy cows. 
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VARIOUS CARBOHYDRATES AS ENERGY SOURCES FOR SOME 
MIXED CULTURES OP SILAGE ORGANISMS* ^ 

n. L. HALSRUnY,3 R. E. MATHER and C. R. RENDER 
New Jcrnen A phcultural Experimeint Station, Sussex 

Much of the work on the baeteriolojry of silafro has been concerned with the 
isolation and identification of pure cultures of orj^anisins which supposedly pre- 
dominate in the silaj^e and with the determination of total counts at various 
stages of the fermentation. For practical purposes, however, the primary in- 
erest is in the effect of the bacterial population of the silage, a population that is 
heterogeneous and may vary in composition ^vith each silage made, and even 
from sample to sample, but which gives, ultimately, the same result in a large 
number of cases. Hence, a study using a mixed culture, which actually repre- 
sents the bacterial population of the silage at the time each sample is taken, might 
furnish information which could not be supplied by work wdth pure cultures. 

The desired effect in silage i)rescrvation is acid production by lactic acid bac- 
teria from carbohydrates. The relative utilization of various carbohydrates, as 
measured by titration of the acid produced, is the basis for the classification of 
these organisms by Orla-*Iensen (1). The pll attained by cultures also may be 
used to evaluate utilization of carbohydrates (2, 3). 

The present experiment was designed to test the preference of the bacterial 
population, as it exists in the silo, for a number of carbohydrates. It was thought 
that a change in the predominating type of organism or in the carbohydrate 
available at a given time might be reflected in the degree to which the different 
carbohydrates were utilized under standard conditions. 

EXPERTMENTATi 

Two silages, put up in 1946 and 1947, respectively, were used for this experi- 
ment. The material was chopped in the field and, in 1946, chopped again as it 
was being put into the silo. The crop ensiled in 1946 consisted of alfalfa, red 
clover and grass, to which was added about 70 lb. of molasses per ton of green 
material. In 1947 the crop ensiled was principally reed canary grass with a 
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small amount of red clover. Molasses was added at the rate of approximately 
180 lb. per ton of green material in the lower part of the silo; in the upper part, 
100 lb. was added per ton. Samplers of the mixture were taken from the surface 
just after it had been blown into the silo when the level reached the 10-ft. mark 
and again at the 20-ft. mark. Subsequent samples were obtained by drilling a 
hole in the wall of the silo, removing the sample and plugging the hole. The 
settling of the silage at each level was measured by means of a float connected by 
wire over pulleys with an indicating weight on the outside of the silo. Allow- 
ance for settling was made wheji boring the hole for sampling in an attempt to 
reduce variation which might be attributable to luderogeneous crop mixtures 
and molasses dispersion. 

Determinations for pll were made with a Hc(‘kman j)!! meter on juice ex- 
pressed from the silage by a small press. Dry matter determinations were made 
by the toluene distillation method. 

For the bacteriological work, a KJ-g. sample was placed in a 9()-ml. sterile 
\vater blank. After being shaken, 1 ml. of this suspension was pla(*od in a 99-ml. 
sterile water blank. Culture tubes containing 9 nil. of the differential media 
then were inoculated with 1-inl. portions of the flnal dilution. These were incu- 
bated for 4 days at 30'^ C. and th<» acid produced was titrated with 0.1 N NaOII, 
using phenolphthalein as the iiidi<»ator. The titration value of the unino(*ulated 
medium was subtracted from the value obtained. The medium contained 0.0 
per (HUit Difeo yeast extract, 0.2 per cent potassium dihydrogen phosphate, O.l 
per cent inagnesium^sulfate, 0.04 per cent sodium chloride and 2.0 per cent car- 
bohydrate*. The* carbohydrates used were xylose, arabinose, rhainnose, fructose, 
glucose, galactose, sucrose, lactose, raffinose, inulin, dextrin, soluble starch, 
glycerol, mannitol, sorbitol and salicin. 

Analyses of variance and covariance w’ere used to test the differences between 
crops, silo levels (and molasses addition levels) and among carbohydrates. In- 
terrelationships among the carbohy dates, days after ensiling, pi I and dry matter 
were studied by partial correlations calculated on a within carbohydrate, wdthiu 
year-level lot basis. 

RESULTS AND DISCUSSION 

Acidity and dry matter. The development of acidity (as measured by pH) 
and the dry matter content of the various samples of silage are illustrated in 
table 1, together with the acid production of the cultiu'es in terms of ml. of 0.1 N 
acid as an average for all 16 carbohydrates. In all four lots the pH was reduced 
to 4.54 or less by the third day and 4.32 or less by the seventh day, indicating 
satisfactory acid development. The drj* matter content of the silages was some- 
what higher and the development of acidity a little slower in 1947 than in 1946, 
in spite of addition of more molasses in 1947. The average linear regression of 
pH on days in silo was signifleant, as indicated by the correlation - 0.374, but 
the correlation between pH and log days was considerably higher (-0.729), A 
prediction equation pH » 4.600-0.318 d' (where d ' » log days in silo) yielded es- 
timated pH values for 0, 1, 2, 8 and 32 days of 5.24, 4.60, 4.50, 4.31 and 4.12, 
respectively. 
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The 1946 silage, with lower dry matter content and more legumes, had a 
sweeter odor and appeared to be more palatable and better than that of 1947. 

Fermentation studies. The over-all mean values for the 16 carbohydrates 
studied (table 2) were shown to differ signihcantly by the analysis of variance. 
The differences between years and between levels were very small and not sta- 
tistically significant, and the lack of a significant interaction between carboh^*- 
drate and year-level lot prevents the consideration of changes in differences be- 
tween carbohydrates from one lot to another. 

Correlation coefficients calculated within lot from the data of table 1 indi- 
cated no relationship between dry matter content of the sample and the amount 
of acid produced by the cultures. 


TABLE 2 

Average amovni of acid (ae wL 0.1 N acid) prodveed hp miited adUiree of silage organisms 
after iticuhation for 4 days at 30^ C. for each of 16 carbohydrates 


Group 


Bugar 

Ml. 0.1 N NaOH 

Rank 

Pentoses 


Xylose 

3.30 

5 



ArnbitiOHe 

4.68 

1 

Methyl pentose 


Hhatnnose 

1.07 

15 

Hexoses 


Fructose 

3.47 

4 



Glucose 

4.05 

2 



Galactose 

2.46 

8 

Bisaccharides 


Sucrose 

3.93 

3 



Lactose 

2.34 

9 

Trisaceharide 


Raffinose 

2.51 

7 

Polysaccharides 


Tnulin 

1.69 

12 



Dextrin 

1.72 

11 



Soluble starch 

2.22 

10 

Alcohols 


Glycerol 

.88 

16 



Mannitol 

1.49 

13 



Sorbitol 

1.42 

14 

Glycoside 


Salicin 

3.04 

6 


The longer the material remained in the silo, the lower was the acid produc- 
tion of the cultures, as indicated by correlations of - 0.438** between mean acid 
production and days in silo and - ().451*^* between logarithm of mean acid pro- 
duced and log days. Thus the curvilinear relationship is very slight. 

A correlation between mean and standard deviation indicated the desirability 
of transforming all acid production values to logarithms, but several negative 
values prevented the use of logarithms throughout. For six of the sugars, fruc- 
tose, glucose, galactose, sucrose, lactose and raffinose, the within sugar within 
lot correlation between days in the silo and log acid production was - ().229** 
(191 degrees of freedom). Similarly, the within sugar within lot correlation f<»r 
these six sugars between pH and log acid production was 0.238**. 

Simple correlation coefficients among the acid production values of the six 
sugars previously mentioned and the correlation of these values with days in the 

4 Throughout this paper * representg aigniticanc© at the 5 per cent point and ** represents 
signifieanee at the 1 per cent point. 
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silo and with pH of the silage sample are presented in table 3. In general, the 
correlations are not high, but five are highly significant. The general activity 
of the cultures, as related to days in the silo and to the pH of the silage samples, 
undoubtedly would influence the size of the correlations among the acid produc- 
tion values of the six sugars. Partial correlation coeflicients, independent of 
these two relationships and also independent of fluctuations in the most closely 
related sugars, were lower than most of the values of table 3, but in other cases 
very different relationships appeared. The most pronounced change in correla- 
tion was observed in the relationships between glucose and raffinose where the 
simple correlation was - 0.198 ; when independent of fluctuations associated with 
days in the silo and fructose and galactose, the correlation was -0.588** but 
when independent of pH, fructose and galactose it was only - 0.051. 

These results, though based on rather limited data, indicate that there is 
comparatively little systematic change in the preference of the mixed cultures of 
silage organisms as the fermentation progresses, while there is a definite decrease 
in the amount of acid produced by the mixed cultures the longer the silage has 
been fermenting, which undoubtedly is a function of the number of viable or- 
ganisms present. 

TABLE 3 

Correlation eoefflcients among acid prodvetion values (logarithms) of six sugars, age of 
silage and pR of silage, within lot 


Fructose 

4 

Glucose 

5 

Galactose 

6 

Sucrose 

7 

Lactose 

8 

Rafilnose 

9 

d Days - 0.033 

p pH 0.210 

4 i^uctose 

5 Glucose 

6 Galactose 

7 Sucrose 

8 Lactose 

0.242 

0.299 

0.300 

-0.200 

0.211 

0.657** 

0.573** 

-0.215 

0.329 

0.621** 

0.399* 

-0.451** 

0.295 

0.048 

0.042 

0.153 

- 0.151 
0.156 
0.246 
-0.198 
0.382* 
0.354* 
0.506** 


The most desirable carbohydrates for silage preservation from the standpoint 
of rapid acid production would seem to be arabinose, glucose, sucrose, fructose 
and xylose. However, it must be kept in mind that since molasses was used as a 
preservative for the silage studied here, the organisms which developed most 
rapidly undoubtedly were the ones which could utilize the sugars of molasses 
most efficiently. The polysaccharides produced less acid than the sugars, indi- 
cating one reason why greater quantities of cereal grains than molasses may be 
required for silage preservation. Ijikewise, the comparatively low acid produc- 
tion of lactose explains why dried whey is a less desirable preservative than 
molasses. 

In addition to consideration of the various carbohydrates as preservative 
materials to add to silage, these results reemphasize the importance of ensiling a 
crop when it is high in simple sugars, rather than when it becomes so mature 
that a large proportion of the carbohydrates in the plant are present as poly- 
saccharides. In some cases, of course, this is counterbalanced by the much larger 
total amount of carbohydrate present in more mature plants. 
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g0HMABY AND CONCLUSIONS 

A study 'was made to detemine the relative amounts of acid produced by 
mixed cultures of silage organisms when offered various carbohydrates as sources 
of energy. 

As the silage aged, the viability of the cultures was somewhat reduced, though 
considerable variation was observed 'with some carbohydrates. This decrease did 
not follow the pH of the silage samples much more closely than it followed a 
simple linear decline with age. 

Interrelationships among six sugars, in terms of fluctuations of the logarithms 
of acid production about the mean or regression on age or on pH of the silage, 
showed that adjustment for pH of the sample reduced most correlations, though 
correlations between variations of glucose and galactose, fructose and galactose, 
and sucrose and levulose independent of glucose remained highly significant. 

Arabinose, glucose, sucrose, fructose and xylose resulted in the production of 
more acid than the other carbohydrates used. There were no significant changes 
in acid production in the 2 years studied even though the nature of the crop 
and the amount of molasses added as a preservative changed considerably. 
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THE NUTRITIVE VALUE OF WOOD MOLASSES AS COMPARED 
WITH CANE MOLASSES^ 


N. P. C0L0V08, H. A, KEENEB, J. B. PBE8COTT and A. E. TEEBI* 

New Hampshire Agriculture^ Experiment Station, Durham 

One of the many objectives of the Forest Products Laboratory of the U. S. 
Forest Service at Madison, Wis., is to find and develop new uses for low quality 
wood and wood wastes. One such development of this laboratory is the produc- 
tion of wood molasses. 

Using a dilute acid process for hydrolysis similar to one used in Germany 
with many modifications as reported by Harris (6), yields of 130 to 200 gallons 
of molasses containing 50 per cent sugar are obtained from each ton of wood. 
The process consists of hydrolyzing the cellulose of waste wood to form glucose 
by means of dilute sulfuric acid and increased temperature and pressure. After 
neutralization, the resulting solution is concentrated to form molasses. 

Although wood molasses has many potential uses in industry, it also has very 
important possibilities as a feed for livestock. Molasses made from wood was fed 
to farm animals as early as World War 1. It was tested experimentally as a feed 
for livestock in German}^ and certain Scandinavian countries during the recent 
war. While wood molasses has been reported to be an acceptable feed for live- 
stock as a result of preliminary feeding trials conducted in this country (7), few 
quantitative measurements appear to have been made with farm animals to de- 
termine its nutritive value. 

Because wood molasses might be used in livestock feeding in the same manner 
as cane molasses and because the nutritive properties of this latter product are 
very well known, these two products were compared by means of balance experi- 
ments with dairj" heifers. 

EXPERIMENTAL 

The wood molasses fed in this experiment was made from pine wood w^astes 
at the Forest Products Laboratory, Madison, Wis. It was compared with cane 
molasses purchased from a local feed store. The hay with which the molasses 
was fed was a field-cured grass-legume mixture from a lot part of w^hich had been 
fed as the sole ration in unreported nitrogen and energy balance experiments. 

The animals used in all of the balance experiments were purebred dairy heifers 
weighing between 630 and 900 lb. at the beginning of the experiment and included 
four Guernseys, one Ayrshire and one Holstein. Each animal was fed a daily 
basal maintenance ration of 6 kg. of hay on all balances with the exception of one 
small heifer, no. 6, which received 5 kg. Two kg. of wood molasses or its energy 
equivalent of cane molasses were added to the basal hay ration of each animal in 

Received for publication June 13, 1949. 

1 Scientific Contribution no. 128 of the New Hampshire Agricultural Experiment 8tation. 

2 The authors gratefully acknowledge the cooperation of A. D. Littlehale of the staff 
of this Station under whose careful supervision the animals were kept. 


907 



908 


N. P. OOLOVOS ET AL. 


the molasses balances with the exception of heifer no. 6, where the amount of 
molasses fed was reduced in proportion to the hay. AU of the balances were 
carried out between October 13, 1948, and March 12, 1949, with the animals being 
aUoted to the various rations according to table 1. 

The procedure and methods followed in this experiment were essentially the 
same as those used in previous research reported from this laboratory (2) , with 
some modifications described in a recent paper (4). The molasses was mixed 
thoroughly with the chopped hay before feeding. Because of the lumpiness of 
the wood molasses, a daily aliquot was taken for each animal during the collection 
period to insure a representative sample. However, the method of production 
has been perfected recently so that wood molasses of uniform consistency can be 
produced. The cane molasses was more homogeneous so a representative sample 
was taken from the drum after thorough mixing. The molasses samples were 
analyzed in triplicate for both nitrogen and gross energy, the samples used for 
the gross energy determination first having been dried in the capsules under 
vacuum. 

TABLE 1 

Schedule of balance experiments 


Heifer no. 


Breed 


Hay First molasses 

balances balance 


Second molasses 
balance 


1 

2 

4 
3 

5 

6 


Guernsey Hay 

Guernsey Hay 

Holstein Hay 

Guernsey 
Ayrshire 
Guernsey 


Hay + wood molasses 
Hay + cane molasses 
Hay + wood molasses 
Hay + cane molasses 
Hay -f wood molasses 


Hay •¥ wood molasses 
Hay + cane molasses 
Hay + wood molasses 
Hay + cane molasses 


The preliminary feeding periods were of about 7 days duration, while the 
collection periods were from 14 to 18 days in length. Three consecutive 12-hr. 
heat production measurements were ^ade at the end of each collection period by 
means of the open circuit respiration chamber. 

RESULTS AND DISCUSSION 

The nitrogen content of the wood molasses calculated as protein was 0.44 per 
cent while that of the cane molasses was 2.83 per cent. The gross energy on the 
other hand was higher in the wood molasses. This necessitated feeding a little 
more cane molasses in order to have the intake of energy the same from both 
kinds of molasses. 

The protein and energy contents of the hay, cane molasses and the individual 
composite samples of wood molasses are given in table 2. Summaries of the nitro- 
gen balances are given in table 3, energy balances in table 4 and metabolizable 
energy values in table 5. 

Although it was desired to feed the basal ration of hay at as near the main- 
tenance level as possible, a little extra was fed in order to avoid the possibility of 
submaintenance feeding of the growing heifers. This resulted in an average gain 
of 8.109 g. of nitrogen and 821 Calories of energy per day on the hay ration. The 
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retention of nitrogen was increased when both the molasses supplements were 
fed, even though in the case of the wood molasses relatively little additional nitro- 
gen was ingested. This effect appears to have been due to an inadequate energy 
intake from non-nitrogenous sources on the basal hay ration. Digestibility of 
nitrogen, on the other hand, was depressed with the addition of both the wood and 
cane molasses to the hay. The apparent digestibility of the nitrogen in the wood 
molasses-plus-hay ration was 12.1 per cent less than that of hay alone. The 
addition of the cane molasses to the hay lowered the apparent digestibility of the 
nitrogen by 4.8 per cent. 

While there are no reports in the literature on the effect of wood molasses on 
the apparent digestibility of the ration, Lindsey and Smith (9), Williams (10), 
Briggs and Heller (3), Hamilton (5), as well as others, found that the addition of 
cane molasses to the ration lowered the apparent digestibility of the nitrogen to 
varying degrees. The probable explanation for this decrease is that the increased 
dry matter intake resulted in a higher metabolic nitrogen excretion. This ex- 
planation is supported by the work of Armsby (1), and of Harris and Mitchell 


TABLE 2 

Composition of feeds 


Peed 

Moisture 

Protein 

Gross energy 


(%) 

(%) 

{Cal/g. DM.) 

Hay 

9.19 

10.644 

4.3102 

Cane molasseR 

26.86 

2.825 

3.6608 

Wood molasBOB fed to: ^ 




Heifer 2 

23.67 

0.369 

3.8793 

Heifer 3 

23.89 

0.288 

3.9761 

Heifer 4 

25.82 

0.406 

4.0358 

Heifer 5 

27.10 

0.539 

4.0561 

Heifer 6 

26.42 

0.613 

4.0204 

Av. 

25.38 

0.439 

3.9935 


(8), which showed that when molasses was added to nitrogen-free rations being 
fed to sheep, there was an increase in the metabolic nitrogen. Using the factor of 
5.5 mg. for metabolic nitrogen in the feces per gram of dry food consumed, as 
worked out by Harris and Mitchell (8), the average true digestibilities of the 
protein of the basal hay ration, the wood molasses-plus-hay and the cane molasses- 
plus-hay rations are essentially the same, being 82.4, 79.4, and 83.0 per cent, 
respectively. Thus, the significantly lower apparent digestibility of the nitro- 
gen in the two molasses-plus-hay rations, as compared with that of the basal hay 
ration, is almost entirely accounted for by the increase in fecal nitrogen resulting 
from the higher dry matter intake. 

The retention of energy was increased markedly when both the wood and cane 
molasses supplements were fed. The average digestibility of the energy increased 
2.4 and 3.2 per cent, respectively, when the wood and the cane molasses were fed, 
but this difference was not significant. The metabolizable energy increased about 
the same amount when both the wood and cane molasses were added to the hay 
ration. The metabolizability percentage of the two molasses rations was essen- 
tially the same and not significantly higher than that of the basal hay ration. 
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When calculated by difference, the metabolizable energy values, expressed as Cal. 
per g. dry matter, were found to be 2.537 for the wood molasses and 2.403 for the 
cane molasses. 

SUMMARY AND CONCLUSIONS 

The nutritive value of wood molasses was compared with cane molasses by 
means of 12 protein and energy digestion balance experiments with dairy heifers. 
Both the cane and wood molasses contained very little protein although the cane 
molasses contained 7 times more jjrotein than the wood molasses. The wood 
molasses excelled the cane molasses in gross energy content by about 10 per cent 
on the dry basis. 

The apparent digestibility of the protein in the ration was depressed when 
both the cane and wood molasses were added to the basal hay ration. When cane 
molasses was added, the decrease was 4.8 per cent, while with the addition of the 
wood molasses the digestibility of the protein was decreased by 12.1 per cent. 
However, almost all of this effect can be accounted for on the basis of increased 
metabolic nitrogen excretion in the feces. The digestibility as well as metaboliza- 
bility of the energy was greater when both the vrood and cane molasses were added 
to the basal hay ration but the differences were not significant. The metabolizable 
energy per gram of dry matter was essentially the same in both molasses. 

The results of this experiment indicate that wood molasses is comparable to 
cane molasses as a feed for dairy cattle. 
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THE EFFECT OF VACCINATION WITH BRUCELLA ABORTUS VAC- 
CINE (STRAIN 19) ON CERTAIN BLOOD CONSTITUENTS 
IN YOUNG HEIFERS^ 

NOBMAN S. LUNDQUIST,2 0. EBNEST ZEHNEB and PAUL H. PHILLIPS 
J>epariment of Dairy Hushandry and Btoehemistry College of Agriculture , University of 

Madison^ Wisconsin 

The development in young calves of immunity to Brucella abortus by the use 
of vaccination with an avirulent B. abortus organism (strain 19) has been ob- 
served to cause, in some instances, a loss of appetite. This may result in tem- 
porary loss of body weight if it persists. This observation has been noted with 
calves in the University herd. In addition, during the course of an experiment 
in which blood levels of vitamin A and ascorbic acid were being followed, vaccina- 
tion had a material effect on these levels. This led to the present study in which 
the course of change in blood plasma vitamins as well as temperature, body weight, 
condition of calves and leucocyte differential were noted. 

METHODS 

The procedure consisted of recording dail}’' blood plasma levels of vitamin A, 
ascorbic acid, temperature, body weight and condition of the calves. This was 
begun 1 day before and continued for 7 days after inoculation. Observations on 
leucocyte count and differential (Wright stain) were made on the day before 
and the first, third and fifth days following inoculation. The inoculum consisted 
of an injection of 5 ml. of a solution containing 10 billion organisms per ml. 

Ten heifer calves which were to be vaccinated were placed under observation. 
These calves, seven Holsteins, two Jerseys and one Guernsey, were divided into 
four lots as follows : lot I received 0.5 g. ascorbic acid subcutaneously ; lot II were 
the untreated controls; lot III received approximately 6,000y vitamin A orally 
and 0.5 g. vitamin C subcutaneously; and lot IV received a supplement of ap- 
proximately 6,000y vitamin A orally. The supplements in lots I, III and IV 
were begun the day before inoculation and continued for 7 days thereafter. 

The plasma ascorbic acid was determined by the method of Mindlin and 
Butler (4) and vitamin A by Kimble’s method (3). 

With the exception of the supplements, treatment consisted of the usual care 
and feed given calves in the University herd. The pertinent data concerning 
these calves at the beginning of this study are given in table I. 

RESULTS 

The results (table 2) indicate that vaccination with B, abortus vaccine (strain 
19) caused a decrease in blood plasma ascorbic acid averaging 0.18 mg. per 100 ml. 
in the four lots. This decrease was apparent on the day following inoculation. 

Received for publication June 29, 1949. 

' Published with the approval of the director of the Wisconsin Agricultural Experiment 
Station. 

a Present address: Department of Dairy Husbandry, Purdue University, Lafayette, Ind. 

914 



BEUCELLA VACCINATION 


915 


TABLE 1 




History of experimental animals 


Lot no. 

Breed 

Age at 
beginning 
of exp. 

Condition 

Previous history 
regarding 

Bang’s disease 

I 


(d.) 



338 

H 

215 

Normal 

Not known 

342 

H 

193 

Normal 

Not known 

11 

334 

II 

241 

Normal 

Not known 

343 

H 

157 

Normal 

Positive reac- 
tion in 1 : 200 
dil. at 77 d.» 

729 

J 

209 

Normal 

Not known 

III 

340 

H 

202 

Normal 

Not known 

582 

G 

237 

Normal 

Not known 

731 

J 

150 

Growth 

somewhat 

retarded 

Positive reac- 
tion in 1 : 200 
dil. at 70 d.* 

IV 

336 

H 

231 

Normal 

Not knowm 

341 

H 

202 

Normal 

Not known 


• Had nursed infected cow from birth. 

When vitamin C was administered subcutaneously in lots I and III, a drop of the 
same magnitude occurred, but normal levels of blood plasma ascorbic acid were 
attained again in less than 7 days. In contrast, the blood plasma ascorbic acid 
injections, did not reach normal levels within this period. 

Blood plasma vitamin A also was affected by this vaccination. The decrease, 
which amounts on the average to S.Oy per 100 ml., was greatest on the second day 
following inoculation rather than on the first, as was the case with ascorbic acid. 

TABLE 2 

The effect of calfhood vaccination on average hlood planma ascorbic acidy 
vitamin A and carotene levels, and rectal temperature 


Lot 


DavH before and after inoculation 


no. 

- 1 

0 

1 

2 

3 

4 

5 






lug. ascorbic acid/100 ml. blood plasma 



I 

0.37 

0.49 

0.31 

0.34 

0.32 

0.34 

0.35 

0.40 

0.38 

11 

0.50 

0.46 

0.26 

0.24 

0.24 

0.26 

0.27 

0.32 

0.34 

111 

0.52 

0.61 

0.40 

0.49 

0.36 

0.48 

0.49 

0.48 

0.50 

IV 

0.38 

0.38 

0.26 

0.23 

0.16 

0.23 

0.23 

0.26 

0.29 




y Vitamin A/100 ml. blood plasma 




1 

16 


34 

12 

14 

13 

14 

36 

16 

11 

15 


14 

11 

12 

13 

13 

15 

17 

III 

16 


18 

15 

16 

18 

20 

21 

21 

IV 

18 


19 

16 

17 

18 

20 

21 

21 





Rectal temperature (*F.) 




1 

102.2 

101.8 

105.4 

105.9 

105.1 

103.2 

101.6 

101.8 

101.6 

11 

102.1 

102.2 

105.2 

105.2 

104.0 

102.8 

101.7 

102.1 

101.4 

m 

101.9 

101.6 

104.7 

104.8 

103.8 

103.0 

102.3 

102.1 

101.7 

rv 

101.8 

101.6 

105.4 

104.6 

104.8 
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• These ealves were known to have had a positive reaction in 1 ; 200 dil. at 77 and 70 d. respectively. 
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iJalves which received vitamin A supplements responded in the same way as those 
which received no supplement, except that blood concentrations were maintained 
at a higher level. 

The calves showed no significant change in weight during the course of this 
study. This was in contrast to that noted in the preliminary observation men- 
tioned above. Inappetence was observed only on the day following inoculation, 
with a complete return to normal on the third day. 

The rectal temperature showed an average rise of 3.4° P. on the first day 
following inoculation. This higher temperature was apparent for 2 days, after 
which it receded, reaching normal levels by the fifth day. There was no difference 
in the course of temperature rise among the calves of the various lots. 

The leucocyte count showed a distinct rise on the first day following inocula- 
tion in all but one calf and returned to normal by the fifth day (table 3). The 
leucocyte count of calves 338, 334, 343 and 731 reached somewhat higher levels 
than for the remaining six calves. Two of these, 343 and 731, were known to 
have had a positive reaction to B. abortus previously. No such information was 
available on the remaining calves. 

The lymphocytes decreased from an average of 70.05 per cent to 41.50 per cent 
and neutrophiles increased from an average of 17.90 per cent to 50.2 per cent on 
the day following inoculation. These, likewise, had returned to near normal 
levels by the fifth day. The monocytes and eosinophiles were affected only 
slightly. 

DISCUSSION 

The results of thi^ study indicate that vaccination with B, abortus vaccine 
(strain 19) has a depressing effect on blood plasma levels of vitamin A and C. 
The ascorbic acid does not reach normal levels during the first week following 
vaccination. Since this vaccination generally is practiced when calves are 5 to 
8 months of age, and normal blood plasma vitamin C levels are in the neighbor- 
hood of 0.4 to 0.6 mg. per 100 ml., it seems logical to assume that no detrimental 
effect will result from the temporary lower levels, which in these calves range 
from 0.16 to 0.24 mg. per 100 ml. This might not be true if calves were dificient 
at the time of inoculation. The drop in blood plasma vitamin A observed in these 
calves was consistent but not marked, and the data do not indicate that deficient 
levels vrere reached. Supplementation of the normal diet with either ascorbic 
acid or vitamin A did not alter the course of blood plasma levels, except to main- 
tain higher concentrations. 

The rise in rectal temperature follows closely the drop which occurred in blood 
plasma ascorbic acid. A drop in the concentration of blood plasma ascorbic acid 
apparently correlates closely with the development of an increased body tem- 
perature. 

The leucocyte count is of interest since two of the four calves which reached 
counts above the rest were known to have had a previous positive reaction. The 
question is raised as to whether the two calves with higher leucocyte counts, but 
on which no titre had been determined previously, had a positive reaction at some 
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earlier date. These data, although from limited numbers, definitely demonstrate 
a rise in leucocyte count immediately following the vaccination. This average 
is transitory, since levels approximating normal values are reached in a matter of 
a few days. The reports by Bell and Irwin (1) and Irwin and Bell (2) do not 
indicate a rise in adult animals during an infection with B, abortus. However, 
their data are averages based on longer time intervals, and do not emphasize the 
fluctuations in leucocytes immediately following the infection. 

SUMMARY 

These studies show that blood plasma vitamin C and A levels are reduced by 
vaccination with B. abortus vaccine (strain 19). The vitamin 0 levels do not 
return completely to normal after 1 wk. as do the vitamin A levels. Vitamin C 
or A in addition to the normal diet had no effect on the course of blood plasma 
levels, except to maintain them above that for calves not receiving the supplement. 

A rise in rectal temperatures followed closely the drop in blood plasma vitamin 
C and may suggest a relationship between the increase in body temperature and 
a lowering of blood plasma ascorbic acid. 

Leucocyte count increased the day following inoculation. Differential count 
showed that the neutrophiles increased, the lymphocytes decreased, and the mono- 
cytes and eosinophiles slightly increased and decreased, respectively, by this type 
of vaccination. 
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PBBPARTUM MILKING. II. THE EFFECT OF PREPARTUM MILKING 
ON THE CAROTENE AND VITAMIN A AND PROXIMATE 
COMPOSITION OP COLOSTRUM' 

H. D. EATON, R. E. JOHNSON, A. A. 8PIELMAN, L. D. MATTER80N and L. NEZVESKY 
Animal Industries Department, Storrs Agricultural Experiment Station, Storrs, Connecticut 

Prepartum milking for 10 days prior to parturition has been found by several 
investigators (4, 7, 11, 12, 13) to result in the production of colostrum which 
resembles milk in proximate composition. In addition, the proportion of various 
proteins, albumin, casein and globulin are altered markedly. The carotene 
content of colostrum from cows milked prepartum has been found (6) to rise 
on the day of parturition. No data were found in the literature as to the effect 
of prepartum milking on the vitamin A content of colostrum. 

The objectives of this study were (a) to deterniine the effect of prepartum 
milking for 10 days prior to the calculated parturition date on the carotene, 
vitamin A and proximate composition of colostrum, and (b) to follow the changes 
occurring in the carotene and vitamin A content of the pre-milk and colostrum 
of cows milked prepartum. Secondarily, these factors were studied in relation 
to two dietary regimes. 

EXPERIMENTAL 

Animals. A total of 44 cows of the Ayrshire, Guernsey, Holstein and Jersey 
breeds in the University of Connecticut herd which calved from November, 1947, 
through December, 1948, were used in this experiment. The treatment of these 
cows and changes in various blood constituents have been described in the first 
paper of this series (3). Briefly, they represented four experimental groups: 
1-A, postpartum milked — basal ration; 1-B, postpartum milked — ^basal ration 
plus 1 million USP units of vitamin A daily for 30 days prior to the calculated 
parturition date; 2- A, prepartum milked for 10 days prior to calculated par- 
turition date — ^basal ration; and 2-B, prepartum milked — ^basal ration plus vita- 
min A. Each experimental group in this study represented a total of 11 cows. 

Samples and A 7 iaJifses, All prepartum milkings and the first six postpartum 
milkings were sampled. The samples were chilled immediately and held at 
4® C. in the dark until analyzed, in most cases "within 6 days after collection. 
Aliquot samples from daily prepartum milkings and from each milking post- 
partum were analyzed for carotene, vitamin A, protein, lactose, fat and ash. 
In addition, specific gravity was determined. The methods "were the same as 
those reported previously (2), In cases where the cows milked prepartum 
calved between the morning and evening milkings, the morning sample was 
analyzed separately. 

Standard statistical i>roeedures (9), such as analysis of variance, were used 
to test for differences bet^veen treatments. 

Received for publication July 7, 1949. 
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MILKINGS POSTPARTUM 

Fig. 1. The effect of prepartum milking on the amount and specific gravity of colostrum. 


RESULTS 

Data on the pounds of colostrum, the specific gravity, and the carotene, vita 
min A and proximate composition for the first six milkings postpartum of al 


POSTMtTUM-tASAl. 

— » POSTMATUM-aASAL'I^VIXA 



MILKINGS POSTPARTUM 

Fio. 2. The effect of prepartum milking on the carotene content of colostrum. 
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the experimental animals are given in figures 1, 2, 3 and 4. Mean values for 
the carotene and vitamin A contents of the pre-milk and colostrum for the 14 
cows milked 10 or more days prepartum are represented in figures 6 and 6. In 
general, prepartum milking resulted in colostrum which was lower in carotene, 
vitamin A, protein and ash and higher in lactose than colostrum from cows 
milked only postpartum. In those cows milked prepartum for 10 days or longer 
and fed only the basal ration, there was a negative trend in the carotene and 
vitamin A contents of both pre-milk and colostrum. Parturition appeared to 
arrest temporarily this negative trend. Supplementary prepartum feeding of 
vitamin A raised the level of vitamin A in both the pre-milk and the colostrum 
and lowered the level of carotene in the colostrum. 

POSTPARTUM-BASAL 

P08TPARTUM-BASAL4-VIT A 

PREPARTUM-BASAt 



MILKINGS POSTPARTUM 


Fig. 3. The effect of prepartum milking on the vitamin A content of colostrum. 

With the exception of the first milking postpartum, the average amount of 
colostrum (fig. 1) from the next five milkings was significantly less in the cows 
milked only postpartum (P < 0.05). It was observ^ed at the second milking of 
many of the cows milked only postpartum that there was incomplete let-down 
of milk. The specific gravity of the colostrum averaged less (P < 0.001) in the 
first six milkings postpartum of those cows which had been milked prepartum 
than in those that had not. 

The carotene content (fig. 2) per 100 ml. of colostrum or per gram of colostral 
fat averaged less (P < 0.05 on a volumetric basis and P < 0.10 on a per gram 
of fat basis) in the cows milked prepartum. The average carotene levels Avere 
less following the prepartum feeding of vitamin A supplements, but the dif- 
ference was not significant. The vitamin A content expressed as inicrograms 
per 100 ml. of colostrum or as micrograms per gram of colostral fat (fig. 3) 
also averaged less (P <0.01) in the cows milked prepartum. The prepartum 
feeding of vitamin A supplements increased the average level of vitamin A in the 
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colostrum very signijacantly (P <0.001). This increase was large enough to 
more than offset the usual reduction in the vitamin A content of the colostrum due 
to prepartum milking (P <0.01). 

The average protein and ash contents of the colostrum were lower (P <0.001 
for the protein and P <0.01 for the ash) and the average lactose content higher 



MILKINGS POSTPARTUM 

Flo. 4. The effect of prepartum milking on the prosimate constituents of colostrum. 

(P <0.001) (fig. 4) as a result of prepartum milking, but the average fat content 
was not affected significantly. The feeding of supplementary vitamin A did not 
influence the proximate constituents. 
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The carotene and vitamin A content of both pre-milk and colostrum (fig. 5 and 
6) decreased with successive milkings.* The decrease in animals receiving only 
the basal ration was statistically significant when the carotene and vitamin A con- 
tents were expressed in units per gram of colostral fat (P <0.01). The greater 
variability among the cows receiving the supplementary vitamin A reduced the 
statistical significance of the change considerably, even when vitamin A content 
was expressed in terms of the colostral fat (P <0.05). Just prior to parturition 

BASAL 



DAYS FROM PARTURITION 

Fio. 5. The effect of prepartum milking on the trends in the carotene content of both 
pre-milk and colostrum. 

there was little change in either the carotene or vitamin A content of the pre-milk, 
BO that from the third day prior through the first day following parturition there 
were no significant differences between days. Therefore, it is reasonable to 
assume, that parturition does arrest temporarily the drop in both the carotene and 
vitamin A contents of the pre-milk and colostrum. The prepartum feeding of 

s data were obtained on the proximate principles which agreed with those in the 

literature. 
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sapplementary Titamin A resulted in higher average levels (P <0.05) of vitamin 
A in the pre-milk and colostrum, but had no noticeable effect on the carotene 
content. 

DISCUSSION 

These data indicate that both management and diet may influence markedly 
the composition of colostrum. Prepartum milking decreases both the carotene 
and the vitamin A content of colostrum. However, the prepartum feeding of 



-10 -» -• -T -6 -9 -4 -s -i -i b *\ *z vs 

DAYS FROM PARTURITION 

Pig. 6, The effect of prepartum milking on the trends in the vitamin A content of both 
pre-milk and colostrum. 

supplementary vitamin A can maintain higher levels o£ vitamin A in cows milked 
prepartum than are found in cows milked only postpartum and fed only on the 
basal ration. The effect of prepartum feeding of vitamin A supplements on the 
carotene and vitamin A contents of colostrum in the cows milked only postpartum 
agrees with the recent data reported by Parrish et oi. (8) and others (5, 10). 
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The changes in the proximate constituents of colostrum from cows milked 
prepartum also are in agreement with previous studies. Prepartum milking for 
a week or more before parturition has been shown to result in colostrum closely 
resembling normal milk in proximate composition (7, 11) and to decrease the 
globulin and albumin components of the protein (7, 11, 12, 13). Similar results 
have been reported for continuous milking from one lactation to the next (4) and 
for the initiation of lactation before pregnancy or early in pregnancy (1, 14). 

The decrease in carotene and vitamin A with successive prepartum milkings 
follows the trends reported for the protein, ash, and lactose (7, 11, 12, 13). Al- 
though there was a tendency for both carotene and vitamin A to be affected by 
parturition in the study reported herein, the magnitude of this change and the 
trends in the carotene levels of pre-milk and colostrum are not in agreement with 
those reported by Keyes et al. (6). When carotene and vitamin A are related to 
the content of fat, the changes occurring at parturition are even less apparent. 
It is of interest that Eckles and Palmer (4) also reported an increase in the albu- 
min and globulin at the time of calving in cows milked continuously from the 
previous lactation, although later workers (7, 11, 12, 13) did not confirm these 
findings. 


summary 

The effect of prepartum milking for 10 days prior to the calculated parturition 
date on the carotene, vitamin A and proximate composition of colostrum has been 
studied in 44 cows. In addition, the changes occurring in the carotene and vitamin 
A contents of both pre-milk and colostrum were observed in 14 of these cows 
milked for 10 or more days prepartum. Secondarily, the effect of feeding one 
million USP units of vitamin A daily for 30 days prior to the calculated parturi- 
tion date was measured. 

Prepartum milking resulted in significant decreases in the carotene, vitamin 
A, protein and ash contents and in the specific gravity and significant increases 
in the lactose content of the colostrum from the first six milkings postpartum. 
Both carotene and vitamin A decreased with successive milkings in the pre-milk 
and colostrum of cows milked for more than 10 days prepartum. Parturition 
affected this decrease by temporarily causing a decrease in the negative trend. 

The prepartum feeding of supplementary vitamin A increased significantly the 
vitamin A content of both pre-milk and colostrum and decreased the carotene 
content of colostrum. 
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PARTUEIBNT PARESIS. III. A STUDY OP VARIOUS BLOOD 
CONSTITUENTS AT PARTURITION IN 
MASTECTOMIZED COWS'- “ 

B. P. NIEDEBMEIEB, VEAKL B. SMITH and C. K. WHITEHAIB* 

Departments of Dairy Husbandry and Veterinary Science, University of Wisconsin 

Mastectomized animals have been used to study various phenomena related 
to lactation and reproduction. Bert (5), Moore and Parker (25), Marshall and 
Kirkness (24) and Porcher (28) analyzed the blood and urine of mastectomized 
animals before and after parturition to determine the site of lactose formation. 
Shattock (33) removed the mammary gJands from guinea pigs to ascertain 
whether or not the mammary gland produced an internal secretion necessary 
for growth of the fetus. Sellheim (31) postulated that eclampsia was caused 
by toxins formed in the mammary gland and reported recovery from eclampsia 
after removal of the breasts of one patient. A review of some of the early 
European literature on the relation of the udder to reproduction is covered 
by Addis (1). Eddington (9) used udderless cows to study the role of the 
udder in dissemination of Brucella abortus. Analyses for blood calcium and 
phosphorus near the time of parturition were made by Wilson and Hart (37) 
on a mastectomized goat. 

Many workers have proven conclusively that at the time of parturient paresis 
there is a drop in total serum calcium as well as inorganic phosphorus levels in 
the blood, usually accofhpanied by an increase in the magnesium level (2, 4, 8, 
10, 11, 12, 17, 18, 20, 21, 22, 23, 28, 29, 30, 34, 35). These changes seem to 
be accentuations of the trends in the blood mineral picture in normal parturi- 
tions (2, 8, 16, 17, 27, 37). The decrease in serum calcium and plasma phos- 
phorus may be caused by either an increased demand for serum calcium and phos- 
phorus as the result of the initiation of lactation, or physiological changes charac- 
teristic of parturition which may influence the blood mineral picture or a combina- 
tion of the two. If the sudden demand for calcium and phosphorus at the onset of 
lactation is solely responsible, then initiation of lactation before parturition should 
reduce the incidence of parturient paresis. However, studies reported by Smith 
and Blosser (36) showed that prepartum milking had little or no effect on 
reducing the incidence of parturient paresis. Also, Niedermeier and Smith 
(26) observed parturient paresis in a Jersey cow^ not milked following parturi- 
tion. 

Received for publication July p, 1949. 
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This Study was undertaken to ascertain the effect of parturition uncompli- 
cated by the initiation of lactation on some of the blood constituents at calving, 
with emphasis upon those constituents particularly related to the milk fever 
syndrome. 

EXPERIMENTAL 

Pour Jersey cows and one Guernsey cow were mastectomized ^ according to 
the technique described by Frank (15). Epidural and local anaesthesia were 
used, and each half of the udder was removed separately. The principal blood 
vessels were ligated. The cut edges of the skin were sutured together and 
pressure body bandages were applied to control postoperative bleeding. Physio- 
logical saline was given after the operation as prophylactic treatment to prevent 
shock. Recovery was rapid with no apparent abnormal effects on the animals. 

TABLE 1 


Eisiory of cows used in study 


Cow no. 

Age 

(yr-) 

No. of 
parturition 

PreyiouB at- 
tacks of par- 
turient paresis 

Breed 

Bate of 
parturition 

Experimental 

AB-19 

iO 

8 

2 

Jersey 

4- 9-47 

1-J 

2 

1 

0 

Jersey 

1-13-47 

1-J 

3 

2 

0 

Jersey 

1-28-48 

1-J 

4 

3 

0 

Jersey 

1- 8-49 

731 

5 

3 

0 

Jersey 

1-11-48 

695 

S 

5 

1 

Jersey 

4- 9-48 

OY-23 

» 

t 

3 

Guenisey 

5-20-48 

oy-23 

f 


3 

Guernsey 

4-30-49 


Control 


720 

7 

4 

0 

J ersey 

1- 5-49 

732 

5 

3 

0 

Jersey 

1-17-48 

696 

8 

5 

0 

Jersey 

4-18-48 

589 

4 

2 

0 

Guernsey 

5-24-48 

559 

7 

5 

0 

Guernsey 

4-24-49 


Five intact cows were paired with some of the mastectomized cows to serve as 
controls. The controls were selected to correspond with the mastectomized cows 
in respect to age, number of parturitions and date of parturition, and were 
subjected to the same feeding and management procedures. Cow 720 was the 
control for the third parturition of 1-J ; 732 for 731 ; 696 for 695 ; 589 for the 
first parturition of OY-23 ; and 559 for the second parturition of OY-23. Calving 
dates and histories of these animals are presented in table 1. Blood samples 
were taken at approximately the same time daily, usually beginning the fifth 
day before the expected calving date and continued for 5 days postpartum. On 
the day of calving, samples were taken at 1 to 3, 5 to 7, and 9 to 11 hours after 
parturition. 

Serum calcium was determined by the Clark and Collip (6) method, plasma 
phosphorus by the Piske and Subbarow (14) method, serum magnesium by the 
method of Simonsen et al. (32), and plasma fat by Allen’s (3) method. 
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RESULTS 

The results of analyses of the various blood constituents for mastectomized 
and control cows are presented in tables 2, 3, 4 and 5. Averages given include 
only the five mastectomized parturitions for which there were control cows. 

The serum calcium levels of the cows are presented in table 2. These re- 
sults show that the serum calcium level of the mastectomized cows decreased 
slightly on the day of calving, w’ith a very rapid recovery and an increase in 
postpartum levels above the prepartum level. This is in contrast to the charac- 


TABLE 2 

Comparison of the serum calcium before and after parturition of mastectomized and intact rows 


Blood serum calcium (mg. %) 

Cow Days prepartum Day of parturition Days postpartum 



5 

4 

3 

2 

1 

1-3 

hr. 

5-7 

hr. 

9-11 

hr. 

1 

2 

3 

4 

5 






Experimental 







AS-19 

10.6 

11.2 

11.0 

10.8 

10.8 

9.4 

10.1 

10.6 

11.5 

11.7 

11.3 

11.0 

10.3 

1-J 

10.9 

11.2 

11.5 

11.4 

11.2 



11.2 

10.8 

11.0 

10.5 

11.0 

11.4 

1-J 

10.2 


10.3 

10.6 

11.2 

10.6 

10.6 

10.6 

10.4 

10.9 

10.8 

11.1 

10.8 

1-J 

11.3 

10.3 

9.8 

11.3 

10.8 

10.0 

9.6 

10.7 

10.7 

10.8 

11.2 

10.9 

10.7 

731 

10.4 

10.5 

10.2 

10.2 

10.2 

9.9 

9.9 

10.2 

11.0 

10.7 

10.8 

10.6 

10.1 

695 

9,6 

9.7 

9.5 

9.5 

9.7 


9.4 

9.3 

10.2 

10.4 

10.5 

10.6 

10.7 

OY-23 

10.4 

10.1 

10.5 

10.3 

10.2 

9.9 

10.3 

10.8 

10.8 

11.6 

11.3 

11.1 

11.3 

OY-23 

10.0 

10,8 

9.6 

10.5 

10.6 

10.9 

10.3 

10.7 

10.9 

11.0 

11.0 

10.8 

10.9 






Control 








720 



10.2 

10.9 

10.0 

9.2 

9.6 

9.6 

9.3 

9.1 

9.5 

9.8 

10.1 

732 

11.0 

11.4 

11.1 

10,8 

9.8 

8.8 

8.5 

8.3 

7.8 

9.8 

11.3 

11.0 

10.3 

696 

10.3 

10.5 

10.5 

9.4 

10.4 

6.5 

5.8 

5.7 

6.5 

6.2 

6.9 

6.9 


589 



11.1 

11.2 

10.7 

10.5 

9.5 

10.2 

9.3 

10.4 

10.7 

10.5 

io.4 

559 

11.2 

11.6 

11.6 

11.6 

11.3 

8.9 

10.0 

9.3 

9.5 

9.2 

9.9 

10.2 

9.9 


Average of dve experimental parturitions and their controls 


Experi- 
mental 9.9 10.4 10.3 10.2 9.9 10.3 10.7 10.9 11.0 

Control 10.9 10.8 10.4 8.8 8.7 8.6 8.5 8.9 9.7 


teristic change shown in the control cows. The serum calcium of the control 
cows declined from a level of 10.4 mg. per cent 1 day prepartum to a low of 
8.5 mg. per cent 1 day postpartum, and the subsequent recovery period was 
much slower than that of the experimental cows. Tliis perceptible drop in 
the serum calcium level occurred in each of the control cows, and with cow 696 
the level was close to that found in milk fever. In the mastectomized cows an 
examination of the individual cow data reveals no such consistent trend, and 
where the drop did occur it was of much less magnitude. 

Plasma phosphorus levels of the two groups, as shown in table 3, in general 
paralleled each other, with a slightly higher level throughout the sampling 
period for the mastectomized animals. As in the case of calcium, the control 



930 


R. P« NlBDEBMEIllR RT AL. 


TABLE 3 

Comparison of the inorganic plasma phosphorus before and after parturition 
of masfteciomised and intact cows 


Blood plasma inorganic phosphorus (mg. %) 


Cow 


Bays prepartum 


Bay of parturition 


Bays postpartum 



5 

4 

3 

2 

1 

l*-3 5-7 

hr. hr. 

9-11 

hr. 

1 

2 

8 

4 

5 

Experimental 

1..T 

4.6 

4.5 

5.5 

5.0 

4.2 

2.7 3.8 

4.6 

4.9 

6.2 

5.2 

4.6 

4.3 

1-J 

5.1 

4.8 

5.1 

5.1 

4.2 

3.1 3.9 

4.6 

4.5 

6.9 

6.4 

6.5 

6.1 

731 

4.2 

4.8 

3.9 

4.8 

3.7 

3.2 4.8 

4.4 

3.9 

4.1 

5.1 

4.9 


695 

6.4 

4.7 

5.0 

5.7 

4.8 

4.8 

3.2 

3.6 

3.2 

3.7 

3.9 

4.1 

OY-23 

3.7 

3.6 

3.6 

3.9 

3.8 

2.8 3.7 

3.0 

2.4 

3.3 

3.9 

3.9 

4.0 

OY-23 

4.3 

7.7 

6.7 

6.4 

4.7 

5.3 4.3 

4.3 

3.9 

7.2 

6.9 

6.8 

7.2 


Control 


720 



3.7 

3.6 

3.2 

2.7 

2.9 

2.6 

2.7 

3.4 

4.0 

4.7 

4.8 

732 

3.2 

3.8 

3.9 

4.1 

2.4 

2.3 

3.2 

3.2 

3.5 

4.1 

4.8 

3.9 

5.0 

696 

4.3 

4.4 

5.2 

5.3 

5.0 

1.0 

1.3 

2.7 

3.1 

4.6 

6.0 

4.4 

4.0 

589 



2.8 

3.8 

2.4 

2.4 

2.7 

2.6 

4 2 

4.2 

3.7 

3.9 

3.0 

559 

5.2 

6.1 

5.6 

6.6 

4.0 

2.8 

2.5 

3.1 

3.9 

4.2 

4.6 

5.3 

5.4 


Average of five experimental parturitions and their controls 


mental 

4.9 

5.2 

4.2 

2.9 4.3 

3.9 

3.7 

4.9 

5.2 

Control 

4.2 

4.7 

3.4 

2.2 2.5 

2.8 

3.5 

4.1 

4.6 


TABLE 4 

Comparison of the serum magnesium before and after parturition 
of mastectomized and intact cows 


Blood serum magnesium (mg. %) 


Cow Dajs prepartum Bay of parturition Bays postpartum 



5 

4 

3 

2 

1 

1-3 

hr. 

5-7 

hr. 

9-11 

hr. 

1 

2 

3 

4 

5 

Experimental 

l-J 

2.5 


2.6 

2,3 

2.7 

2.4 

2.6 

2.5 

2.4 

2.7 

2.5 

2.4 

2.6 

1-J 

2.7 

2.9 

2.5 

3.3 

2.7 

3.0 

2.8 

2.8 

2.4 

2.3 

2.6 

2.4 

2.4 

731 

2.1 

2.4 

2.3 

2.4 

2.4 

2.5 

2.5 

2.5 

2.4 

2.4 

2.3 

2.1 

2.4 

695 

3.0 

2.8 

2.6 

2.4 

2.4 


2.4 

2.4 

1.9 

1.9 

2.0 

2.2 

2.4 

OY-23 

2.1 

2.4 

2.4 

2.5 

2.7 

2.5 

2.5 

2.3 

2.4 

2.4 

2.4 

2.4 

2.4 

OY-23 

2.7 

2.8 

2.6 

2,6 

2.6 

2.6 

2.7 

2.7 

2.5 

2.4 

2.4 

2.6 

2.6 


Control 


720 



2.6 


2.8 

2.9 

3.3 

3.1 

3.2 

2.9 

2.7 


2.2 

732 

2.4 

2.6 

2.6 

2.7 

2.7 

3.3 

3.4 

3.7 

3.4 

2.9 

2.1 

2.3 

2.3 

696 

2.3 

2.4 

2.5 

2.5 

2.6 

4.2 

4.3 

4.1 

4.2 

4.0 

2.8 

1.0 

1.8 

589 



2.7 

2.7 

2.7 

2.7 

2.5 

2.4 

2.5 

2.5 

2.4 

2.2 

2.0 

559 

2.5 

2.5 

2.1 

2.2 

2.5 

3.0 

3.2 

2.8 

3.2 

2.7 

2.2 

2.1 

2.0 


Average of five experimental parturitions and their controls 

Ezperi* 

mental 2.5 2.6 2.6 2.6 2.6 2.5 2.3 2.3 2.3 

Ckmtrol 2.5 2.5 2.7 3.2 8.8 3.2 3.3 3.0 2.4 
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group shows the more consistent trend, inasmuch as the experimental group 
has a definite increase in the 5 to 7 hr. period as compared to the 1 to 3 and 
9 to 11 hr. periods. This very possibly would disappear if larger numbers were 
involved. Table 4 points out a strikingly different serum magnesium level be- 
tween the experimental and control animals. The serum magnesium level of the 
mastectomized cows remained quite constant, with a slightly lower level in the post- 
partum period beginning on the day of calving. In the control cows the average 
began to increase the two days prepartum, beginning at 2.6 mg. per cent 
and increasing to 3.3 mg. per cent 1 to 3 hr. postpartum. This was followed 

TABLE 5 

Comparison of the plasma fat "before and after parturition of mastectomized and intact cowsi 


Blood plasma fat (mg. %) 


Cow 


Days prepartum 


Day of parturition 


Days postpartum 



5 

4 

3 

2 

1 

1-3 

hr. 

5-7 

hr. 

9-11 

hr. 

1 

2 

3 

4 

5 






Experimental 







A8-19 

170 

213 

214 

225 

1.58 

161 

158 

157 

199 

205 

192 

184 

177 

1-J 

166 

174 

211 

192 

194 

197 

187 

1.92 

202 

205 

226 

205 

210 

LJ 

216 

202 

215 

211 

196 

201 

179 

194 

187 

175 

196 

187 

191 

731 

149 

154 

137 

133 

145 

124 

127 

129 

141 

133 

132 

155 

145 

695 

186 

173 

162 

165 

157 


161 

156 

153 

152 

156 

164 

161 

OY.23 

216 

216 

214 

219 

207 

187 

240 

221 

241 

219 

225 

236 

246 

OY-23 

203 

199 

202 

188 

210 

199 

180 

178 

177 

190 

185 

175 

185 






Control 








720 



209 

186 

172 

145 

1.58 

164 

165 

162 

174 

164 

164 

732 

144 

164 

154 

149 

144 

123 

130 

120 

116 

119 

109 

162 

153 





165 

178 

131 

12S 

127 

103 

109 

130 

1 22 

136 

589 



206 

198 

185 

183 

172 

168 

168 

154 

149 

149 

174 

559 

209 

206 

201 

192 

180 

153 

156 

155 

158 

167 

149 

144 

132 


Average of five experimental parturitions and their controls 


Experi- 

mental 

186 

183 

183 

178 

177 

176 

180 

174 

179 

Control 

192 

178 

172 

147 

145 

147 

142 

142 

142 


by a gradual decline to prepartum levels by the third day postpartum. Control 
cow 589 had no increase in her serum magnesium level. 

There was little change in the plasma fat levels of the mastectomized cows 
as a result of parturition. The control cows showed a rather constant decline 
in the plasma fat from the third day prepartum to 1 to 3 hr. postpartum, with the 
level remaining quite constant from 1 to 3 hr. to 3 days postpartum. 


DISCUSSION 

As indicated by the foregoing data and results, the blood mineral levels of 
calcium and magnesium are markedly different for the two groups. The control 
cows exhibit the characteristic decrease in serum calcium at parturition reported 




by many workers in other than first calf heifers. The mastectomized cows exhibit 
little change as compared to the cows calving with intact udders. An increase 
in blood magnesium levels in cows with parturient paresis has been reported by 
numerous workers (2, 4, 17, 29, 30, 35). They also have shown a tendency in this 
direction in normal calvings. It was suggested by Hibbs et al, (20) that the rise 
in magnesium may be explained as a compensatory mechanism for the concurrent 
drop in calcium and phosphorus. Using this line of reasoning, one might assume 
that the increase in magnesium did not occur in the mastectomized cows because a 
very small drop in the serum calcium level occurred. A major portion of the 
difference in the magnitude of the drop in serum calcium between the two groups 
logically may be attributed to the mobilization of calcium for the secretion of milk 
in the cows calving with intact udders. 

In contrast to the other minerals studied, the plasma phosphorus levels for the 
two groups were similar in their magnitude of decrease. Palmer el al. {2H) 
noted an appreciable increase of inorganic phosphorus 15 min. after exercise, 
followed by a marked decrease which persisted for at least 2 hr. after exercise. 
The exercise involved in parturition may contribute to the drop in plasma phos- 
phorus. The decrease of the plasma phosphorus in both groups is of the magni- 
tude of that reported by other workers for normal calvings of cows with intact 
udders. No significance is attached to the slight differences in prepartum levels 
of calcium or phosphorus between the experimental and control groups, inasmuch 
as they fall within the normal range reported by Alleroft (2). 

The decrease in the plasma fat levels of the normal cows at parturition is in 
agreement with the results reported by Allen (3), Compared with the control 
group, the mastectomized cows showed little change in plasma fat levels. 

summary 

The serum calcium and magnesium, and the plasma phosphorus and fat levels 
have been determined for 5 days prepartum, three times on the day of parturition, 
and 5 days postpartum for eight parturitions of five mastectomized and five par- 
turitions of five intact cows. 

Data are presented showing a greater, more consistent decline in the serum 
calcium and plasma fat of the intact cows than the mastectomized cows. Serum 
magnesium levels increased in the cows calving with intact udders and showed no 
appreciable change in the mastectomized cows. Plasma phosphorus levels showed 
a drop in both groups of cows. 
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CHANGES IN QUALITY OP CBEAM MAEKETED THROUGH 
BUYING STATIONS'-* 

T, J. CLAYnON AND W. H. MABTIN 
Kanimg AgrievUural Experiment Station, Hanhattan 

In the last few years members of the butter industry have carried out exten- 
sive educational programs to encourage the production of better quality cream on 
the farm. The need for such improvement is genenerally recognized. Also, it 
usually is appreciated that under the average conditions involved in the market- 
ing of cream through buying stations, changes in quality may continue until the 
cream is processed at the plant. 

Manhart (6) studied the effect of the time element associated with marketing 
on the quality of cream in Indiana. He found that, under conditions of the study, 
butter made from cream 4 days or less old when sold by producers generally 
scored 1.22 points higher than butter from cream over 4 days old. He further 
found that an extended interval between delivery of cream to the station and 
processing at the creamery resulted in lower butter quality than when this inter- 
val was short. The higher quality cream deteriorated more than the lower quality 
cream during the period. The atmospheric temperatures involved were not indi- 
cated. Martin, Fay and Caulfield (7) showed that, although good cream held at 
50® F. remained first grade for an average of 15 days, it became second grade in 
an average of 2 days when held at 90® F. Morrison, Nelson and Martin (8) 
found that the quality'of cream decreased rapidly during holding in the cream 
station. 

Over a period of years, various reports (2, 3, 4, 5) from the Dairy Commis- 
sioner, Kansas State Board of Agriculture, repeatedly indicated that a high per- 
centage of cream in Kansas was of first grade quality when delivered by producers 
to stations. However, this percentage was much lower just prior to processing at 
the creamery. The reports indicated the need for getting cream to the chum 
with minimum deterioration and emphasized the necessity for reduction in the 
interval involved together with the employment of adequate cooling. 

The problem of change in quality of cream betw^een the time of purchase at 
stations and processing at creameries is recognized by members of the butter in- 
dustry. Efforts have been made to improve the methods of handling cream dur- 
ing the period involved. Because of the importance of the quality problem and 
the necessity of directing efforts where they may be most effective, it is essential 
to know more specifically the extent of deterioration now occurring during the 
marketing intervals. The following study was undertaken to determine the 
quality of cream at the time of delivery to the buying station by Kansas pro- 

Beceived for publication July 9, 1949. 

1 Contribution No. 187, Department of Dairy Husbandry. 

s This study was supported by a grant from Swift and Co., Chicago, 111. 
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ducers and the extent of any changes that develop under practical conditions 
until the cream is processed at the creamery. 

METHODS 

General procedure. The study was facilitated through the cooperation of a 
number of cream station operators and creamery representatives. It was car- 
ried out over a period of 1 year so that seasonal influences would be included. 
Cream buying stations were contacted in several areas to minimize any effect of 
regional quality. Although efforts were made to obtain representative cream sta- 
tions, it is possible that those cooperating were more progressive than average. 
Since mechanical coolers are not common in stations in Kansas, only one station 
so equipped was included among those involved in the study. 

Each station was visited on a day, usually Saturday, when cream receipts were 
expected to be relatively large so that the cream examined would represent a 
larger proportion of that marketed during a given period. Through the coopera- 
tion of the creameries involved, arrangements were made to re-examine the same 
cream at the creamery just prior to processing under prevailing plant schedules. 
In the summer, this usuallj*^ was the day following purchase at the station. Dur- 
ing winter, it was 1 to 3 days later. It is possible, in some instances, that the 
movement of cream from stations to creameries was more prompt on the days of 
sampling than at other times. 

In all instances records were made of the general weather conditions on the 
days of sampling at the stations and at the creameries. Data were recorded on 
the weight, temperature and frequency of delivery of cream delivered by pro- 
ducers. At the creamery information relative to cream temperature, methods of 
handling, and the time interval between purchase from producers and processing 
in the plant was recorded. 

Sampling procedure, A 4-oz. sample was taken directly from the well-stirred 
cream of each lot at the time of delivery by producers and this sample immedi- 
ately was placed in ice water. The ladle used for sampling was rinsed in warm 
water and then in a hypochlorite solution (200-300 p.p.m.) after sampling each 
delivery to minimize contamination from one lot of cream to the next. After 
sampling, the cream delivered by the producers w^as dumped into 10-gallon cans 
in the usual manner followed in the buying stations. As each 10-gallon can was 
filled, a record was made of the individual deliveries contained. A sample then 
was taken from the full can in the same manner as from the separate lots of cream 
delivered by producers. The cans were tagged, using metal poultry seals, so that 
they could be identified subsequently at the creamery. All cream samples ob- 
tained were held iced and examined in the laboratory as promptly as possible. 

After arrival at the creamery, and in accordance with the regular plant sched- 
ule, the cream from the tagged cans was re-examined and sampled just prior to 
processing. At this time the opinion of the butter-maker relative to scores and 
grades of the cream was noted. The samples were iced and returned to the lab- 
oratory for analyses. All sampling at stations and creameries was done by the 
same person so that methods and handling practices were consistent. 
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Quality determinations. Quality was determined on the basis of organoleptic 
tests supported by titratable acidity and formol titrations. Examinations were 
made on the samples representing individual deliveries and also on samples from 
the 10-gallon cans of cream as filled in the station, to indicate the quality of cream 
when first received. Similar tests were made on the samples obtained from the 
same lO-gallon cans of cream at the creamery, thereby showing the quality at the 
time of processing. Cream samples were s(;ored for flavor according to the method 
commonly used in the butter industry where the numerical score is based on the 
estimated quality of the butter that should be obtained. Such flavor scores were 
used in preference to grades so that smaller differences in quality could be desig- 
nated. Samples were scored in the laboratory by two experienced judges working 
independently. In the case of all samples obtained at creameries, the scores 
given by the butter-makers also were available for reference. Acidity determina- 
tions were made by titrating 9 g. of cream plus 9 ml. of distilled water with 0.1 
N NaOH, using phenolphthalein as the indicator. Formol titrations were made 
by the method used by Martin, Fay and Caulfield (7) except that 2 ml. of forma- 
lin were used instead of 10 ml. 

During the period of a year, 11 field trials were conducted involving 163 lots 
of cream delivered by producers to 9 stations. The number of deliveries ex- 
amined at each station contact ranged from 7 to 21 and averaged slightly less than 
15. The stations were located in eight towns in seven Kansas counties and 
shipped to seven different creameries in six counties. The distance that cream 
was shipped or hauled varied from 25 to 100 miles. 


RESULTS 

Cream as delivered to buying stations. The quality of farm-separated cream 
delivered to buying stations by producers varied over a wide range (table 1). 


TABLE 1 

Cream as delivered to buying stations by producers 


Field 

trial 

Month 

Approx, outdoor 
temp.* 

No. of 

Weight of delivery 

Flavor score 


Bange 

Mean 


Range 

Av. 

Range 

Av. 

1 

June 

CF.) 

50-«4 

("F.) 

57 

21 

(16.) 

10-82 

(1b,) 

35.5 

89-92 

90.8 

2 

June 

04-80 

72 

7 

13-40 

30.3 

88-91 

90.2 

3 

July 

68-84 

76 

15 

5-40 

20.6 

89-91.5 

90.2 

4 

Aug. 

88-104 

96 

9 

7-35 

21.3 

89-93 

91.2 

5 

Sept. 

72-102 

87 

20 

11-47 

23.6 

88-91 

90.2 

6 

Sept. 

60-84 

72 

19 

5-35 

24.5 

89-93 

91.4 

7 

Nov, 

32-54 

43 

20 

4-42 

17.6 

90-92 

91.2 

8 

Feb. 

30-40 

35 

15 

9-52 

27.2 

90.5-93 

91.6 

9 

Apr. 

60-84 

72 

18 

8-79 

35.3 

90-92 

90.9 

10 

Apr. 

64-80 

72 

7 

30-40 

34.2 

90-91.5 

90.9 

11 

June 

60-80 

70 

12 

7-63 

27.4 

88-92 

91.0 

Summary 


30-104 


163 

4-82 

27.0 

88-93 

90.9 


On day of sampling at station. 
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Study of the data involving the 163 individual deliveries showed that 82 per cent 
of the deliveries scored from 90 to 92 inclusive, with 13 per cent scoring below 90 
and 5 per cent scoring above 92. Although varying amounts of deterioration had 
occurred in the cream on the farm, 58 per cent of the deliveries scored 91 or 
better. 

In general, the cream was of lower quality during hot weather than during 
cool and moderate weather. When the mean outdoor temperature* was above 
70® F. on the days of sampling, the average score of the cream was 90.7 with 47 



MEAN OUTDOOR TEMP. AT TIME OF TRIAL 
CF) 

Fig. 1. Belationship of cream temp., when delivered, to mean outdoor temp, at time of 
trial. (77 deliveries.) 

per cent of the deliveries scoring 91 or better and 18 per cent scoring below 90. 
"When the mean outdoor temperature was 70® F. and below, the average cream 
score was 91.1 with 71 per cent of the deliveries scoring 91 or better and only .7 
per cent scoring below 90. 

Although temperature readings at the time of delivery were not obtained on 
all the cream, 77 of the deliveries ranged from 46® F. in cool weather to 96® F. 
in hot weather, with an average temperature of 67.4® P. The temperature Of 
« Average of approximate minimum and maximum temperatures* 
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cream when delivered showed a general relationship with the mean outdoor tem- 
perature at the time (Fig. 1). An attempt was made to relate the temperature 
of the cream at the time of delivery to quality. However, the relationship was 
not particularly marked and was only signiheant during warmer weather. In 
trials when the mean daily outdoor temperature was above 70® F. the correlation 
eoeflScient was -0.337 for 45 deliveries (significant at 5 per cent level). Also, 
when the mean daily outdoor temperature w^as 70® F. and below, the relationship 
between cream temperature at the time of delivery and quality was non-signifi- 
cant, as indicated by a correlation coefficient of + 0.068 for 32 deliveries. 

There was no definite relationship between weight of delivery and quality 
at delivery. When the mean outdoor temperature was above 70® V. the eorrela- 


93 

92 


o 

o 

90 

c 

o 

569 

u. 

88 


I 23456789 10 I 23456789 10 

DAYS SINCE PRECEDING DELIVERY 

*rio. 2. Distribution of cream deliveries according to flavor score and frequency of delivery. 

tion coefficient between weight and quality of 68 deliveries was - 0.149. When 
the mean outdoor temperature was 70° F. and below the correlation coefficient for 
93 deliveries was + 0.168. 

The length of time since the previous delivery by the same producer (fre- 
quency of delivery) was obtained on 130 deliveries. This interval ranged from 
1 to 10 days, with an average of 6 daj^. In 60 per cent of the cases the interval 
between deliveries was 7 days or more, indicating the tendency to make onee- 
a-week delivery. An effort was made to determine the relationship between the 
frequency of delivery of the cream and its quality when sold. Since it seemed 
possible that the relationship might be closer during wanner weather than in 
cooler weather, the data on the deliveries were divided, as in previous correla- 
tions, into the group representing mean outdoor temperatures above 70° P. and 
the one representing temperatures of 70° P. and below. Figure 2 indicates that 
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there was no marked relationship between the frequency of delivery of the cream 
and its flavor score when delivered. For further verification^ correlations were 
determined on the two groups. During the warmer weather, as might be ex- 
pected, there was some tendency toward higher quality with more frequent 
delivery. In trials in which the daily temperature averaged above 70® P. there 
was a slight relationship between age and score for 72 deliveries, as indicated by 
a correlation coefficient of -0.276, which is significant statistically. At mean 
outdoor temperatures of 70° F. and below, the coefficient for 58 deliveries was 
-0.165, which is not significant. These values may have been influenced by the 
uneven distribution resulting from the larger number of deliveries at the 7-day 
period. 

Cream as processed at creameries. During the interval between delivery of 
the cream at the station and processing at the creamery, there was definite deteri- 
oration in quality (table 2). The quality changes involved reductions in average 
flavor scores for each trial ranging from 0.3 to 1.2 points, with an over-all average 
decrease of 0.7 points. Changes in titratable acidities generally conformed to 
changes in flavor scores. Although changes in formol titrations occasionally were 
inconsistent, the average change was in accordance with other quality changes. 
The 61 individual 10-gallon cans of cream involved had a drop in score ranging 
from 0 to 2.0 points. Only three cans of cream had no change during the mter\'al. 
Twenty-seven decreased 0.25 to 0.5 point in score, w^hile 27 others lost 0.75 to 1.0 
point. Pour cans of cream dropped 1.25 to 2.0 points in score. The average loss 
in flavor score for the 61 cans was 0.7 points. The expected repeatability of these 
results is indicated by the fact that the true average loss in score probably lies 
between 0,5 and 0.8 points, as determined by 99 per cent fiducial limits.* 

The amount of deterioration that developed in the cream during the interval 
between purchase at the stations and processing at creameries was correlated 
somewhat with the temperature of the cream just prior to processing. This was 
indicated by a correlation coefficient of + 0.295 for 51 cans of cream on which 
temperatures were available (significant at 5 per cent level). However, this re- 
lationship was not particularly marked and probably was influenced by the dif- 
ferent holding periods involved, possible temperature variations during the hold- 
ing period and differences in the quality of the cream when purchased. 

Except for trials 4 and 11 where some type of cooling was used, the cream 
temperature at the creamery varied generally with the outdoor temperature. 
The extent of deterioration tended to be related to the mean outdoor temperature. 
This was shown by a correlation coefficient of + 0.363 for the 61 cans of cream in- 
volved (significant at 1 per cent level). Less deterioration usually occurred 
during the cooler months, even though the holding periods involved sometimes 
were longer. The greatest average loss in flavor score (1.2 points) occurred dur- 
ing the hottest weather (trial 4). Observations made during the study indicated 
that, in warm weather and without effective cooling, cream that was of high 

4 Although it is doubtful that the losses in score follow closely a normal frequency distribu- 
tion, it is believed that means of samples of 61 observations will do s6, and hence the fiducial 
limits teehnique used here is satisfactory. 
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quality at the time of delivery deteriorated proportionately more during the mar- 
keting interval than did the lower quality cream. 

A number of stations and most creameries were equipped with some facilities 
for spray-type cooling. However, these generally were not in use on the days that 
cream was sampled and examined, even when weather conditions would have justi- 
fied such use. In trial 11, 'where “walk-in"’ type refrigeration was provided at 
both the station and the creamery, the smallest average amount of deterioration 
(0.3 points) occurred, even though the int(‘rval from purchase to processing was 
68 hours and the mean outdoor temperature was 70® F. 

DISCUSSION 

In general the quality of cream delivered to buying stations by producers 
under Kansas conditions was somewhat higher than anticipated. On the other 
hand it was evident that a number of producers were marketing cream of inferior 
quality. The lack of any striking relationship between quality and the size or 
frequency of delivery is difficult to explain since the temperature of the cream 
at the time of delivery to the station seldom indicated thorough cooling practices 
on the farm. Neverthele.ss, the relationship between the temperature of cream 
when delivered and its quality was not particularly marked. Cream tempera- 
ture at the time of delivery, however, is not necessarily indicative of cooling prac- 
tices followed throughout the entire accumulation period on the farm. It should 
be noted that the results were obtained under actual commercial conditions and 
where cream holding and handling practices on farms were neither controlled nor 
known. 

In most trials, cream was moved from the stations to the creameries and proc- 
essed with a minimum of delay. In some cases the fact that the study was being 
made may have prompted more rapid movement to and earlier processing at the 
creamery. It also is possible that standards of operation in the stations contacted 
were above average, since such frequently is a characteristic w^here buyers are 
willing to cooperate. Accordingly, it is considered that the results on the amount 
of deterioration during the interval between purchase from the producer and 
processing at the creamery give a conservative measure of the quality changes 
under average commercial conditions. In general, the change in quality that 
occurred during the marketing interval would be expected to result in butter of 
from 0.5 to 1.0 points lower in score than would be warranted by the quality of 
the cream delivered by producers. 

The observation that deterioration was relatively greater in the higher quality 
cream, in the absence of special precautions, is in accordance with the resulte of 
a previous study (1) and generally agrees with the findings of Manhart (6). 
Such a situation deserves special attention in planning for improvement in cream 
quality. It emphasizes the fact that any improvement in the quality of cream 
marketed by producers must be accompanied by corresponding improvement in 
subsequent handling methods if maximum benefits are to be realized 

The general failure to provide adequate cooling for cream subsequent to pur- 
chase from producers undoubtedly is a factor in the quality problem. The fact 
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that least deterioration occurred where cooling iiractices were applied most con- 
scientiously and in the face of the longest holding period (trial 11) would suggest 
that adequate <*ooling is an important factor in the cream station method of mar- 
keting. Although air temperatures in the ‘Svalk-in’’ coolers were not obtained 
and air cooling usually has not been advocated as satisfactory for cream, the re- 
sults indicated that even this type of cooling was beneficial in the case involved. 

In quality improvement ])rograms, attention must be given to the phase of 
marketing subsequent to delivery of cream by producers as well as to prodiuition 
on the farm. It would appear that more rapid initial progress would be obtained 
from efforts so directed than from the more extensive efforts necessary to obtain 
results with widely scattered producers. 

SUMMARY AND CONCLUSIONS 

A study was made of the changes in quality of farm-separated cream from 
the time of delivery to buying stations until just prior to processing at creamer- 
ies. The cream involved 163 deliveries to nine stations through different seasons 
of the year and was generally representative of cream so marketed in Kansas. 
Prom the stations the cream was shipped from 25 to 100 miles to seven different 
creameries. 

Although some of the cream was of relatively high (quality at the time of de- 
livery by producers, the average quality and the wdde limits of variation showed 
that deterioration had occurred in cream on the farm. There was no close rela- 
tioaship between cream quality and weight of delivery. The correlations between 
quality and frccjuency of delivery and betw’ecn quality and cream temperature 
at the time of delivery* were low even in warmer wvather and not significant in 
cooler weather. 

Definite deterioration occurred in the cream between the time of purchase 
from the producer and processing at the creamery. Decreases in flavor scores of 
individual 10-gallon cans of cream ranged from 0 to 2.0 points. In the average 
scores of cream in each trial, the losses ranged from 0.3 to 1.2 points, with an 
over-all av(*rage loss of 0,7 point.s. Deterioration generally was greater in warmer 
weather than in cooler weather and was relatively more extensive in the higher 
quality cream. 

With a few exceptions, cooling procedures were not generally in use in either 
stations or creameries on the days that cream was sampled and examined, even in 
warm weather. The limited amount of deterioration tliat occurred in the case 
where mechanical cooling w^as used at both station and creamery suggested the 
importance of effective cooling in the marketing of cream through stations. 

In cream quality programs, besides emphasizing the production phase, con- 
sideration must be given to controlling deterioration subsequent to the delivery 
of cream to stations. 
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THE KEEPING QUALITY OP PASTEURIZED MILK IN HOME 
REFRIGERATORS' 


8. J. WEESE AND H. O. HENDERSON 
Department of Dairy Hushandryf West Virginia University, Morgantown 

It generally is agreed that the practice of every other day delivery of milk that 
was started during World War II reduced the cost of delivery so much that most 
distributors prefer to retain the economy of this practice. 

With delivery either every other day or 3 days a week the milk must retain its 
quality up to 4 days after pasteurization. To justify such delivery the consumer 
must be assured that the product delivered will retain its high quality for at least 
these 4 days. For this reason, a study was undertaken to determine if good 
pasteurized milk would retain its high quality when delivered every other day or 
3 days a week and kept in home refrigerators under ordinary home conditions. 

Several investigations have shown that good quality milk, properly processed, 
can be kept for a considerable length of time in household refrigerators under 
laboratory conditions. Very few of these, however, have had the milk subjected 
to conditions in the ordinary home refrigerators. 

Dahlberg (3), in a laboratory study that was somewhat similar to home con- 
ditions, made in the New York metropolitan area in 1944 and 1945, showed that 
the keeping quality of pasteurized milk was good enough at all seasons of the year 
to permit every other day delivery without impairment of milk quality. He con- 
cluded, however, that to insure good keeping quality, milk should not be stored 
above 50° P, 

Burgwald and Josephson (2), found “that milk of good quality can be ex- 
pected to retain excellent bacteriological and flavor qualities for at least 4 days 
during the summer months and 6 to 7 days during winter months if refrigerator 
temperatures are maintained near 40° F.*’ 

METHODS 

Sixteen families with electric or gas refrigerators w^erc used as cooperators. 
They were furnished with quart bottles of ordinary pasteurized milk of the same 
quality as that sold in the retail store at the University creamery. The milk was 
cooled immediately after milking and the evening milk was kept in the cooler at 
the dairy farm and delivered to the University creamery the following morning 
with the morning's milk. It then W’as pasteurized (144° P. for 30 min.) and 
bottled and held in the cooler until the next morning before delivering, as this is 
the normal procedure in most milk plants. 

The quart bottles of milk either were delivered to the homes in the same 
manner as used by milk plants, or the cooperators secured the milk directly from 

Received for publication July 11, 1949. 

^Published with the approval of the director, West Virginia Agricultural Experiment 
Station, as Scieutifie Paper no. 410. 
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TABIiE 1 

Summary of the flavor scores of 207 samples of milk left in 16 home refrigerators 
from tS to 7 days under summer conditions 

Elapsed time 


No iucreasea 
Av. flavor score 
Test samples 
Control samples 


3d. 

4d. 

5d. 

6d. 

7d. 

36 

98 

43 

18 

12 

38.0 

38.0 

35.5 

35.3 

34,1 

39.2 

39.0 

38.2 

38.8 

37.5 


the creamery. Some of the commuter cooperators lived as far as 20 miles distant 
from the creamery, in which case the milk received no refrigeration enroute to 
the homes. The cooperators were asked to use about three-fourths of the milk 
and to treat this bottle of milk in the same manner as their regularly delivered 
milk, such as bringing it out at mealtime, shifting it around in the refrigerator, 
etc. The remainder, or approximately one-fourth (usually less) of the original 
milk was returned to the laboratory and scored for flavor by a committee of three 
or more members of the dairy staff. This committee also scored the fresh milk 
for flavor the day it was delivered. 

A bacterial count of the milk was made the day it was delivered and again 
when the samples were brought from the cooperators at the end of each test period. 
The plate colony count method was used, as outlined by the American Public 
Health Association (1). An acidity test, titrating with N/10 sodium hydroxide, 
with phenolphthalein as an indicator, was made on the milk the day it was de- 
livered and, likewise, when it was brought back to the laboratory from the co- 
operators. A thermometer was placed in each of the refrigerators and occasional 
readings made to see if the temperature was within the normal range. 

In all, 207 quarts of milk were distributed during the months of May and June, 
1946, and June, July and August, 1947. The time of the study, therefore, repre- 
sented summer weather conditions. The length of time the milk was left with 
the cooperators ranged from 3 to 7 days.' The following flavor scorecard was used 
to score the returned samples : 


TABLE 2 

The percent of total samples that showed varying degrees of increase in acidity (calculated as 
lactic acid) of milk in home refrigerators from days after delivery as 
compared with acidity on delivery date 


% of samples showing indicated increase after an elapsed time of: 



3d. 

con*> 

4d. 

con 

5d. 

con 

6d. 

con 

7 d. con 

No increase* 

83.3 

100 

74.0 

80 

33.3 

25 

30.0 

33 

8.3 

Blight increase 

13.9 


23.0 

20 

31.2 

75 

25.0 

66 

33.3 10( 

Moderate increase 

2.8 


2.0 


13.3 


10.0 


25.1 

Great increase 

0.0 


1.0 


22.2 


35.0 


33.3 


* Key to acidity increases: No increase — 0.0 to 0.005% lactic acid; slight increase — 0.005 to 
0.015% lactic acid; moderate increase — 0.015 to 0,025% lactic acid; great increase — 0.025 and 
np percent lactic acid. 

Con. = control. 
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40 — ^no criticisms 

38-40 — sliprhtly to moderately ofl-fiavored (pood) 

35-38 — distinct off-flavor, distinct absorbed flavor, definitely unpalatable, 
but still usable (fair) 

25-35 — hijrh acid, bitter, stale, old. Very pronounced off- or absorbed 
flavor, jyenerally not usable as a beverage (poor) 

A quart bottle of milk was placed in the laboratory refrigerator to serve as a 
control at the time of delivery of the milk to the cooperators. The refrigerator 
temperature was maintained at 40"^ P. and the milk bottles were not uncapped 
until time to be scored for flavor. The results of the flavor score are given in table 
1. The figures indicate that good (jiiality milk will retain a good flavor 3 to 4 
days after delivery, but after the fourth day there is a decided drop in flavor. 


TABLE 3 

Number of samples and percent of total samples that showed varying degrees of increase in 
bacteria count (by the plate count method) of milk stored from 3 to 7 days in home 
refrigerators over the bacteria count of the same milk on delivery date 


Elapsed time 



3 d. 

4 d. 

5 

d. 


6 d. 


7 d. 


No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No iiicrcaRC* 





Test samples 





15 

42.8 

16 

16.8 

5 

11.4 

0 

0.0 

0 

0 

Slight inercu 80 

8 

22.9 

26 

27.4 

12 

27.3 

2 

9.5 

0 

0 

Modorato incroaso 

, 4 

11.4 

15 

15.8 

10 

22.7 

4 

19.1 

0 

0 

Groat inoroaso 

8 

22.9 

38 

40.0 

17 

.38.6 

15 

71.4 

12 

100 

Total test samples 

:i5 


95 


44 


21 


12 






Control samples 





No increase 

3 

100 

3 

33 

1 

25 

1 

33 



Slight increase 

0 

0 

3 

33 

.7 

50 

1 

.33 

1 

100 

Moderate increase 

0 

0 

1 

11 

0 

0 

1 

.33 



Great increase 

0 

U 

2 

22 

1 

25 





Total control samples 

3 


9 


4 


3 


1 



•Key to increases — compnrc<l with count tb© day milk was given to eooperators: No in- 
crease — no counts liiglier than original milk ; slight increases — 1 to 5 times higher than original 
milkj modorato increases — 5 to 15 times higher than original milk; great increase — 15 times 
or higher than original milk 


Of the 3 and 4 day old milk, 97 per cent had none or a slight increase in acidity, 
while with 5 and 6 day old milk only 64.4 and 55 per cent, respectively, had none 
or a slight increase. The results from the acidity study are given in table 2. 

The number of samples and the percentage increase in bacteria counts in 
various amounts is given in table 3. The arithmetic average of the initial plate 
counts was 6,600. The plate counts of returned samples from cooperators showed 
such a wide variation due to different methods of handling the milk that tabulation 
would have but little value, but the average percentage increase by days is given. 
There was a decided increase in bacteria count of 5 and 6 day old milk over the 3 
and 4 day old milk. 
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Considerable difSlculty was experienced by the committee in determining the 
flavor score of returned samples in several instances. This was due mostly to 
absorbed refrigerator flavors. In some cases the resultant flavor was not too ob- 
jectionable to some of the committee, while with others it was more serious. This 
partly was solved by setting up a flavor scorecard as previously mentioned. 

As might be expected, there was a wide variation in the way the milk was 
handled by the cooperators. Certain cooperators were careless in promptly re- 
frigerating the milk and seeing that the cap was put back on the bottle after part 
of the milk was used. Uncapped milk and caps improperly replaced were respon- 
sible for most of the absorbed flavors of the returned samples. In a few cases the 
committee could tell what product was stored in the refrigerator. In most cases, 
however, their remarks were ‘^off flavor”, ” absorbed flavor”, or ^‘fruity flavor”. 

The length of time the milk was without refrigeration when delivered to the 
cooperators was from 1 to 3 hr. and a period of time somewhat shorter was used in 
returning the unused portion for laboratory examination. The keeping quality 
of the milk that was delivered 20 miles from the creamery compared favorably 
with the milk delivered a few hundred yards. This probably was due to efficient 
refrigeration and care by the cooperators. 

The average temperature of the refrigerators varied from 37 to 52® P., with 
the higher temperature refrigerators permitting the greatest increase in plate 
count on the returned samples. Some of the cooperators had consistently higher 
plate counts and lower flavor scores on returned samples which were not justified 
by refrigerator temperatures. Some carelessness of the cooperators was found 
in replacing milk caps on bottles of milk partially used, resulting in lower flavor 
scores due to absorbed flavors. ‘‘Good housekeeping” in the refrigerator is im- 
portant in keeping the milk free from absorbed flavors. 

The control samples kept in the laboratory refrigerator (40° P.) scored con- 
sistently higher in flavor and increased less in acidity and bacteria count than did 
the milk returned from the cooperators as would be expected. Part of the con- 
trol samples maintained their original flavor score as scored by the committee, but 
a lower flavor score in some cases was due to a lack of that fine clean flavor of the 
fresh milk. The committee did not try to differentiate between absorbed and 
developed flavors but many of the returned samples were criticized as “fruity”. 

The highest score given any sample of milk was 40 (no criticism). Of the 20 
samples of fresh milk scored by the committee, 17 scored 40, 1 scored 39.5 and 2 
scored 39 on flavor. 

CONCLUSIONS 

Delivery either every other day or three times a week is suflBcient for pasteur- 
ized milk of good quality, provided the distributor and consumer use reasonable 
care in handling the product. 

Consumer education is needed to aid the family in getting a better appreciation 
of how to care for the milk after it is delivered. 
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THE EFFECT OF PENICILLIN UPON THE FERTILITY OF SEMEN 
FROM RELATIVELY INFERTILE BULLS* 


JOHN O. ALMQU18T 

Ufpariment of I>airy Husbandry, The Pennsylvania State College, State College 

In attempts to control the bacteria which are present in bull semen, it was 
found that penicillin (2) retarded bacterial growth at levels which did not exert 
an injurious effect upon the livability of the spermatozoa. The first experiment 
to determine the effect of penicillin upon fertility (1) showed that the addition of 
either 500 or 1,000 units of penicillin per ml. of diluted semen did not affect sig- 
nificantly the fertility of semen from bulls of relatively high breeding eflBciency. 
Since it has been suggested that semen from bulls of lowered fertility might con- 
tain types of bacteria associated with breeding difficulties (3, 4), the present study 
was conducted to test the effect of penicillin upon the fertility of semen from 
relatively infertile bulls used in routine artificial breeding. 

EXPERIMENTAL 

In cooperation with the Western Pennsylvania Artificial Breeding Coopera- 
tive, Clarion, Pa., four Guernsey bulls and one Holstein bull of relatively low 
fertility were selected. Four concentrations of penicillin, with appropriate con- 
trols, were compared using a Latin square experimental design. Levels of 250, 
500, 750 and 1,000 Oxford units of penicillin per ml. of yolk-citrate diluter were 
chosen, as a previous study (2) had shown that these amounts were not toxic to 
spermatozoa during the time which semen routinely is used in artificial breeding. 
The 5x5 Latin square experiment was repeated three times. The first experi- 
ment began December 11, 1946, and the last replicate was completed June 27, 
1947. Semen samples were collected from each bull once approximately every 
10 days and this interval of time was considered the collection period. During 
each collection period all treatments were used but the semen from a bull re- 
ceived only one of the five possible treatments. 

The crystalline sodium salt of penicillin was dissolved in sterile 3.6 per cent 
sodium citrate dihydrate buffer. When the design of the experiment involved 
the addition of penicillin, the desired amount of penicillin solution and citrate 
buffer were mixed with egg yolk so as to ensure the preparation of a diluter which 
consisted of a 1 : 1 ratio of yolk to buffer. However, since the completion of the 
experiment it has been found tliat this particular precaution was unnecessary. 

All semen was diluted at a fairly constant, though relatively low, rate as in- 
dicated by the fact that 70 of the 100 semen samples used in the study were diluted 
at the rate of 1 : 10. The average dilution rate was 1 : 11, with a range of from 
1 : 10 to 1 : 16. None of the diluted semen was used for insemination on the day 

Beceived for publication July 11, 1949. 

^ Authorized for publication June 20, 1949, as paper no. 1526 in the Journal Series of the 
Pennsylvania Agricultural Experiment Station. The penicillin was provided by Charles Pfizer 
and Co., Inc., Brooklyn, New York. 
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TABLE 1 

Fertility of hulls during B-mo, period prior to experiment 


Bull 

No. Ist 

41 nil -*« 

% uou-returns after 

Decrease in % 
lion -returns (cor- 
rection factor; 

UIIll CillSX 

services 

30 to 60 d. 

90 to 120 d. 

10 

3irj 

56.2 

48.3 

- 7.9 

2G 

470 

61.1 

50.2 

-10.9 

3 0 

194 

50.5 

28.9 

-21.6 

4G 

595 

49.1 

30.8 

-18.3 

5H 

489 

50.9 

30.3 

- 20.6 


of collection so that the penicillin had ample time in which to exert its effect upon 
bacteria present in the samples. 

The fertility of the five bulls during the 6-mo. period immediately preceding 
the experiment is shown in table 1. While the per cent 90- to 120-day non-returns 
for each bull is at or below 50 per cent, three bulls exhibited notably large correc- 
tion factors when comparing 30- to 60-day with 90- to 120-day non-returns. Each 
of the bulls was producing semen which w’as average or above in both initial 
motility and concentration at the time of selection. During the experiment the 
average motility was 66 per cent. Only two semen samples (bull 1 G) exhibited 
motility as low as 50 per cent, and the remaining 98 samples showed either 60 or 
70 per cent actively motile spermatozoa at the time of collection. 

Average response in fertility to different levels of penicillin. Table 2 shows 
the average fertility data for the four levels of penicillin. The per cent non- 
returns for each individual treatment represent a mean of 20 ejaculates. Anal- 
ysis of variance of the per cent 6-mo. non-returns for 3,576 first and second services 
demonstrated that the 500 and 1,000 unit levels of penicillin brought about highly 
significant (P« <0,01) increases in fertility when compared with the untreated 
controls. While the 250 and 750 unit levels each increased the apparent con- 
ception rate by an average of 8.7 percentage units, the improvement was not 
.statistically significant. The differences, however, did approach significance at 
the 5 per cent level of probability. The differences in breeding efficiency among 
the five bulls were highly significant although the interaction of treatments and 
bulls was not significant even at the 5 per cent point. The latter suggests that the 
semen of the various bulls reacted in a similar manner when treated with 
penicillin. 

TABLE 2 

Effect of penicillin upon the fertility of semen from five relatively infertile hulls 


Unita of No, Ist 

penicillin /ml. and 2n(l 

of diluter eervices 


% non-returns Improvement 

after 6 mo. over controls 


0 

671 

250 

749 

500 

677 

750 

757 

1000 

722 

Combined 


levels of 


penicillin 

2905 


48.0 


56.7 

-1- 8.7 

61.4 

13.4 

56.7 

-H 8.7 

63.3 

■H5.3 

59.4 

+ 11.4 
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Greatest over-all improvement in fertility was obtained with 1,000 units of 
penicillin per ml. of diluter. As shown in table 2, the difference in favor of this 
level of penicillin was 15.3 percentage units, i.e., 15.8 per cent more cows ap- 
parently conceived than when untreated yolk-citrate diluted semen was used for 
insemination. 

To compare the over-all results of adding penicillin at either 250, 500, 750 or 
1,000 units per ml. of diluter with the results obtained where no penicillin was 
added, the data for the four levels of antibiotic were combined. Of the 2,905 
cows inseminated with penicillin-treated semen, there was an average improve- 
ment in apparent conception rate of 11.4 percentage units as compared to the 671 
cows inseminated with diluted semen containing no penicillin. 

Variations in response of the individual hulls* As might be anticipated, an 
examination of the data showed wide variation in the response of the individual 
bulls when the semen was treated with penicillin. Since the addition of 1,000 
units of penicillin per ml. of diluter resulted in the largest improvement in fer- 
tility, this level was compared to the untreated controls to show the variation by 


TABLE 3 

The response in fertiUty of the semen by individual bulls 


Bull 

Units of 
penieillin/ml. 
of diluter 

No. Ist 
and 2nd 
services 

% non-retums 
after 6 mo. 

Improvement 
over controls 

IG 

0 

105 

39.0 



1000 

86 

39.5 

-1- 0.5 

2G 

0 

120 

49.2 



1000 

102 

63.7 

+ 14.5 

3G 

0 

101 

33.7 



1000 

98 

65.3 

+ 31.6 

4G 

0 

166 

63.3 



1000 

224 

67.4 

+ 4.1 

5H 

0 

179 

46.4 



1000 

212 

67.5 

+ 21.1 


bulls. These data are presented in ta^le 3. Treated semen from three of the 
five bulls showed large increases of 14.5, 21.1 and 31.6 percentage units over the 
controls. The other two bulls showed only small increases of 0.5 and 4.1 per- 
centage units. There appeared to be little uniformity in the magnitude of the 
response even among the three bulls which showed greatest improvement. This 
may be attributed in part to the relatively small number of inseminations in some 
instances as the inseminators preferred to use semen from, bulls of relatively high 
fertility which was available at the same time. 

It will be noted in table 3 that the untreated diluted semen from all of the 
bulls but one (4G) was below 50 per cent 6-mo. non-returns. However, the con- 
trol semen for this bull averaged 63.3 per cent or more than double his average 
of 30.8 per cent 3-mo. non-retums for the period prior to the experiment (see 
table 1). Based on the control data, therefore, this bull should not be considered 
a relatively infertile bull. The reason for this marked improvement in fertility 
is not known. Thus, in reality, only the semen from one of the four bulls (1 Q) 
failed to respond to treatment with penicillin. 
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DISCUSSION 

The results of this experiment indicate that the addition of penicillin to diluted 
semen oifeps a means of improving the breeding efficiency of certain bulls of 
lowered fertility. That this treatment definitely should not be considered as a 
cure-all for breeding difficulties with bulls is shown by the failure of one bull to 
respond, along with the variability in the degree of response of the three bulls 
showing large increases in fertility. 

The 13-yr.-old bull, 1 G, which showed no significant improvement in fertility, 
illustrates a case in which i)enicjllin treatment of the semen was not beneficial. 
Toward the end of the experimental period and up to the time of slaughter 7 mo. 
after the experiment, the fertility of this bull showed a very definite decline. 
Histological examination of the testes revealed marked degeneration of the semi- 
niferous tubules. 

At tlie time this study was initiated laboratory facilities were not available 
for bacterial analysis of the treated and untreated semen. While it is possible 
that the large increases in fertility exhibited by three of the five bulls were due 
to control of certain harmful types of bacteria, the actual reason for the bene- 
ficial effects is not yet known. Further fertility studies with additional rela- 
tively infertile bulls are now being completed using penicillin and streptomycin 
alone and in combination. In addition, bacteriological investigations are in 
progress to determine whether the beneficial effects of penicillin reported here 
may be attributed to bacterial control. For the present, the semen from each 
bull of low fertility will have to be tested by the trial and error method to de- 
termine whether the addition of penicillin is of value in improving fertility. 

SUMMARY 

Penicillin was added to the semen of five relatively infertile bulls at the rate 
of 250, 500, 750 and 1,000 units ]>er ml. of diluter. Based on 3,576 inseminations, 
levels of penicillin of 500 and 1,000 units brought about highly significant in- 
creases in fertility of 13.4 and 15.3 per cent of the cows inseminated, respec- 
tively. The 250 and 750 unit concentrations each showed average increases of 
8.7 percentage units over the controls and these differences approached signif- 
icance. Greatest improvement in breeding efficiency was obtained with 1,000 
units of penicillin per ml. of diluter. 

The variation in results among the bulls indicated that penicillin had a very 
beneficial effect upon the semen from certain bulls of lowered fertility, while 
failing to be of significant value when added to the semen of other bulls. Thus, 
three of the five bulls showed large increases in fertility of 14.5, 21.1 and 31.6 
percentage units when 1,000 units of penicillin were added per ml. of diluter. 
Of the remaining bulls, one showed a small increase of 4.1 per cent while the 
other showed no beneficial response. 
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THE RELATION OF THE CAROTENOID AND VITAMIN A CONTENT 
OF SUMMER MILK TO THE CAROTENOID CONTENT 
OF THE PASTURE HERBAGE 


J. W. HIBBS, W. E. KRAU8S and C. F. MONBOE 
Ohio Agricultural Experiment Station, Wooster 

Numerous reports have established the fact that the vitamin A activity of 
butterfat follows a definite seasonal trend. In northern climates, the highest 
values are obtained in summer when green forage is abundantly available with 
the concentration of carotene and vitamin A decreasing progressively through- 
out the winter season, the degree depending largely upon the carotenoid content 
of the roughage consumed (2, 4, 5, 6, 7, 9, 10). 

Mitchell and Wise (8) have reported the effects of continual and rotational 
pasturing of Bermuda grass on the carotene content of the pasture grass and 
the carotene content of the milk produced therefrom. No marked effect of the 
systems of grazing was reflected in the carotene content of the herbage or in the 
carotene content of the milk. 

At the Ohio Agricultural Experiment Station on a GO-acn? farm devoted 
entirely to pasture research, a herd of Jersey cows has been used to study various 
methods of pasturing j)ermanent bluegrass pastures and legume mixtures. As 
an integral part of this pasture research program, a study was made of the rela- 
tion of the carotenoid coiitent of the pasture grasses to the carotenoid and vitamin 
A content of the milk prodm^ed on these pastures. The results of this study are 
presented in this report. 


EXI^ERIaWENTAL 

During the pasture seasons of 1945, 1946 and 1947, three groups of Jersey 
cows were used in the pasture experiments. In each pasture period one group 
(A) was pastured on permanent bluegrass without supplemental hay and another 
group (B) ate the same pasture plus supplemental hay, fed ad Uhitam in the 
barn during the time the coavs were being milked. A third group (C) was 
pastured on various leguim* mixtures Avithout supplemental hay. The bluegrass 
pastures were w^ell fertilized and contained varying amounts of Avhite clover, de- 
pending on the season and weather conditions. 

Each year in April, just before the cow’s w^ere turned out to pasture, a sample 
of milk was collected from the individual cows of each pasture group. Subse- 
quently, during each pasture period thro\ighout the pasture s(*ason, individual 
milk samples were collected and composited according to morning and evening 
production and analyzed for vitamin A and carotenoids. Sampling w’as done 
as near to the middle of the pasture period as could be anticipated. 

Beceived for publication July 11, 1949, 
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About 4 days prior to the milk sampling date, a “plucked” sample of 
pasture herbage was taken from the various pasture plots on which the cows were 
grazing. Information concerning the length of the pasture periods, cow groups, 
numbers of cows in the groups, description of the pastures, date of milk sampling 
and date of pasture sampling is indicated in fig. 1 (1945), fig. 2 (1946), and fig, 
8 (1947) and the accompanying legends. 

Milk carotenoids and vitamin A were determined essentially by the method 
described by Boyer ei ah (1), except that hot saponification was used instead of 
cold. The carotenoids in the pasture were determined according to a procedure 
developed in the authors’ laboratory as a composite of several methods. The 



Fig. 1. The relation of the carotenoids in the pasture to the carotenoids and vitamin A 
content of the milk, 1945. Groups A and B were pastured on bluegrass during periods 1, 2, 3, 
4, 5, 6, 7, 8, 9 and 12, on orchard grass in period 10, and on alfalfa-timothy in period 11. 
Group C was pastured on bluegrass during periods 1, 2 and 12, on alfalfa-timothy in periods 
3, 4, 6, 7, 8 and 9, on orchard grass in period 5, and on alfalfa-broniegrass in periods 10 and 
11. No. of cows per group was 5. 

fresh pasture samples are chopped finely in a Hobart food chopper and a 10-gm. 
aliquot immediately is weighed, placed in a 250-ml. beaker and covered with 
acetone. Usually these samples are allowed to stand overnight in a cooler main- 
tained at 40® C ; this extracts a large proportion of the pigments. Two 100-g. 
samples are weighed for the dry matter determination at the same time. 

The supernatant acetone then is decanted through a filter paper into a 500-inl. 
separatory funnel. The sample remaining in the beaker is transferred to a 
Waring blender and a foam-producing mixture of 2 parts acetone to 1 part 
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petroleum ether (B.P. 35-60) is added in an amount sufficient to cover the 
blades of the blender. If a dense foam does not develop when the blender is 
started, the addition of a few drops of water usually produces the desired results. 
The foam prevents splashing and possible loss of sample. After about 5 min. 
of grinding, the extract is decanted through the filter paper and the extraction 
procedure is repeated on the residue until the green color is extracted. This 
usually is complete after three to four times. 

The petroleum ether fraction containing the green and yellow pigments is 
separated from the combined extracts by the addition of water to the separatory 
funnel. The bottom layer containing the acetone is drawn off and the upper 



Fio. 2. The relation of tho carotenoids in the pasture to the carotenoid and vitamin A 
content of the milk, 1946. Groups A and B were pastured on bluegrass during periods 1, 3, 5 
and 7, on a legume mixture consisting of alfalfa with timothy, bromegrass and ladino clover 
in periods 2, 4 and 6, and on orchard grass in period 8. Group C was pastured on bluegnrass 
during period 1, on the above legume mixture during periods 2. 4 and 6, on alfalfa, bromo- 
grass and ladino clover in periods 3, 5 and 7, and on alfalfa-timothy in period 8. No. of 
cows per group was 6. 

layer again is washed once with water, care being exercised to prevent the forma- 
tion of an emulsion. Twenty-five ml. of a previously prepared saturated KOII- 
methyl alcohol solution then is added and the funnel shaken vigorously. The 
bottom layer is drawn off and then the process is repeated until this layer is 
colorless. The yellow top layer is washed three times with water and filtered 
through Na 2 S 04 (anhydrous) into a 100-ml. vol. flask. This crystal clear yellow 
solution, which contains the carotenoid pigments, then can be read directly or 
after suitable dilutions in a photoelectric colorimeter using a 440m/i filter. 
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RESULTS AND DISCUSSION 

The data showing the milk carotenoids and vitamin A during barn feeding 
prior to pasture and at each pasture period throughout the pasture season appear 
in fig. 1 (1945), fig. 2 (1946) and fig. 3 (1947). Milk carotenoids increased 
rapidly following the beginning of pasture consumption, usually reaching a peak 
in early June regardless of the kind of pasture eaten. In 1945 the milk carot- 
enoids leveled off during most of May after a small initial rise. This was due to 
a cold wet spring in which the pastures stopped growing, resulting in a low 
earotenoid level of the herbage. Milk vitamin A showed an initial rise and then 



Fig. .3. The relation of the carotenoids in the pasture to the carotenoid and vitamin A 
content of the milk, 1947. Groups A and B were pastured on bluegrass during periods 1, 3, 
5, 7 and 9, and on a legume mixture consisting of alfalfa, bromegrass, ladino clover, and 
timothy in periods 2 , 4, 6 and 8. Group G was pastured on bluegrass during periods 1 and 9, 
on the above legume mixture in periods 2, 4, 6 and 8, and on a legume mixture of alfalfa, 
bromegrass, and ladino clover in periods 3, 5 and 7. No. of cows per group was 7. 

tended to level off. Changes in the carotenoid content of the pasture herbage 
were not reflected as markedly in the milk vitamin A as in the milk carotenoids. 

It is dilBficult to determine the level of pasture carotenoids above which no 
further increase in milk carotenoids and vitamin A is elicited. However, it 
appears from the data presented that the carotenoids in the milk follow the 
fluctuations in the carotenoids of the pasture much more closely when the pasture 
carotenoids fall below about 250 y per g. than at levels above this value. 

That the vitamin A level in the milk U subject to less fluctuation due to the 
intake of carotenoids from the forage is attributed to the influence of the liver 
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stores and also to the influence of the conversion of carotene to vitamin A. It is 
of interest in this connection that on numerous occasions the milk vitamin A 
was observed to increase at the same time the milk carotenoids decreased. This 
phenomenon has been observed before (2, 3, 10) in studies on blood carotenoid 
and vitamin A relationships. The appearance of this “inverse’’ relationship of 
vitamin A and carotenoids in milk is likely a reflection of similar changes in 
the blood. 

An examination of the milk production curves revealed no indication that the 
milk carotenoids were influenced markedly by the stage of lactation. 

No marked beneficial effect on milk carotenoids or vitamin A levels was at- 
tributed to the feeding of supplemental hay in this experiment. This does not 
mean that under conditions such as extreme drought or sparce grazing the feed- 
ing of good quality hay or silage w'ould not increase the vitamin A and carot- 
enoids in the milk. 

Those data serve to illustrate the fact that, so far as a source of vitamin A 
activity is concerned, good bluegrass pastures can be equally as good as legume 
mixtures. This is true provided there is sufficient rainfall and the pastures are 
managed so as to keep the bluegrass growing rapidly. The superior ability of 
the legumes to withstand periods of drought causes them to be better sources 
of carotene than bluegrass under such condititms. 

SUMMARY 

Fluctuations in the vitamin A and carotenoid content of summer milk pro- 
duced by three groups fit cows were related to the fluctuations in the carotenoid 
content of the pasture herbage consumed during three pasture seasons. The 
three groups included cows pastured on bluegrass, one group with and one with- 
out supplemental hay, and another on legume mixtures, without supplemental 
hay. 

The data illustrate the following: (a) A closer relation exists between pasture 
carotenoids and milk carotenoids than between pasture carotenoids and milk 
vitamin A. (b) After the initial rise following the beginning of the pasture sea- 
son, the fluctuations in milk carotenoids follow the changes in pasture carotenoids 
more closely when the pasture carotenoids level is below about 250 y per g. than 
when it is higher, indicating a maximum response at this level, (c) Permanent 
bluegrass pasture, under weather and management conditions which favor rapid 
growth, often is equally as good a source of carotenoids as is a pasture consisting 
of legume mixtures. The superiority of legumes is evident during periods of 
drought. 
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INFLUENCE OP PENICILLIN AND OTHER ANTIBIOTICS ON LACTIC 
STREPTOCOCCI IN STARTER CULTURES USED IN 
CHEDDAR CIIEESEMAKING^ 

H. KATZNEL80N2 and E. G. HOODa 
Central Experimental Farm, Ottawa, Canada 

In a recent note, Whitehead (17) warned cheese factory patrons that milk 
from cows infected with bovine mastitis and under treatment with penicillin 
should not be sent to a cheese factory during the period of treatment and for 
at least 1 day thereafter, since penieillin has an effect upon starter action. 
Hunter (6) in a more detailed study of this problem found that Streptococcus 
crenioris strains were inhibited markedly by doses of 0.1 unit per ml., whereas 
Streptococcus lactis strains were more tolerant, being inhibited by 0.25 to 0.3 
unit per ml. of milk (as measured by lactic acid production). Essentially, 
similar results were reported by Hood and Katznelson (5, 7) using a single and 
a mixed strain starter culture. As little as 0.05 unit per ml. of Na penicillin 
G gave marked inhibition of acid production. Preliminary tests also indicated 
that penicillinase inhibited the action of penicillin in milk and permitted acid 
production. The work reported below represents an extension of these earlier 
studies with different starters, different antibiotics, individual strains of lactic 
streptococci and penicillin-resistant starter cultures. 

EXPERIMENTAL PROCEDURE AND REST^LTS 

The procedure employed in testing the effect of penicillin on acid production 
by starter cultures has been d(*scribed in detail elsewhere (5). Pasteurized 
milk was inoculated with coagulated skim milk cultures of the starters at the 
rate of 3 per cent, dispensed in 100 ml. amounts in bottles and known amounts 
of penicillin or of other antibiotics added to each bottle. These were incubated 
in a water bath at 37'’ C., 9 ml. amounts being removed hourly and titrated with 
0.1 N NaOH. Six starters in all were tested, two being single strain cultures. 

The data in table 1 show typical results with four mixed strain starters. 
Complete inhibition of acid jiroduction by all cultures was obtained with 0.5 
unit, strong inhibition with 0.1 unit and moderate with 0.05 unit per ml. milk. 
Similar results were obtained with the single strain cultures. 

Five other antibiotics were tested in a similar manner and compared with 
penicillin; the results are summarized in table 2. Penicillin is the most active 
substance, with aureomycin and subtilin equal in regard to dilutions giving 
complete inhibition of growth. However, both penicillin and subtilin cause 
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TABLE 1 

Effect of penicillin on acid production in mUk hy four mixed strain starter cultures 


Titratable acidity after incubation for ; 


Starter 

Penicillin 

units/ml. 

Ihr. 

2 hr. 

3 hr. 

4 hr. 

Slur. 



(%) 

(%) 

(%) 

(%) 

(%) 

KAS 

0.50 

0.20 

0.20 

0.20 

0.20 

0.20 


0.10 

0.20 

0.24 

0.32 

0.35 

0.36 


0.06 

0.20 

0.26 

0.35 

0.42 

0.45 


0.01 

0.20 

0.24 

0.35 

0.46 

0.57 


0.005 

0.20 

0.24 

0.35 

0.45 

0.55 


0 

0.20 

0.25 

0.36 

0.47 

0.60 

CENT 

0.50 

0.19 

0.20 

0.20 

0.20 

0.20 


0.30 

0.20 

0.24 

0.2S 

0.30 

0.31 


0.05 

0.20 

0.24 

0.30 

0.37 

0.40 


0.01 

0.20 

0.24 

0.31 

0.42 

0.51 


0.005 

0.20 

0.24 

0.32 

0.44 

0.55 


0 

0.20 

0.24 

0.32 

0.44 

0.55 

OAC-H 

0.50 

0.19 

0.20 

0.20 

0.20 

0.20 


0.10 

0.20 

0.25 

0.31 

0.37 

0.39 


0.05 

0.20 

0.25 

0.33 

0.46 

0.50 


0.01 

0.20 

0.25 

0.33 

0.49 

0.61 


0.005 

0.20 

0.25 

0.33 

0.49 

0.61 


0 

0.20 

0.25 

0.33 

0.49 

0.61 

M 

0.50 

0.20 

0.20 

0.20 

0.20 

0.20 


0.10 

0.20 

0.25 

0.30 

0.37 

0.37 


0.05 

0.20 

0.26 

0.33 

0.48 

0.53 


0.01 

0.20 

0.26 

0.33 

0.54 

0.62 


0.006 

0.20 

0.26* 

0.33 

0.54 

0.63 


0 

0,25 

0..:6 

0.33 

0 54 

0.63 


inhibition over a wider range of dilutions than do the remainder of the antibi- 
otics. Considerably more Chloromycetin and bacitracin are needed to give com- 
plete inhibition of starter action; the former appears to be the least effective 
of all the antibiotics studied, giving no inhibition at a dilution of 1:5,000,000. 

Forty-five strains of lactic streptococci were isolated from a starter culture 
and their sensitivity to penicillin tested in Difco whey broth and in skim milk. 
Turbidity was used as the index of grpwth in the former medium and coagula- 
tion and/or reduction of pH of the milk (as measured with chlor-phenol red 
indicator) in the latter medium. Identified cultures of 8. cremoris,* and 
Leuconostoc citrovomm^ were included in this series. The cultures were less 

TABLE 2 

Influence of six antibiotics on add production in milk by a mixed strain starter culture 

Beciprocal of dilution necessary for: 


AUllJLtMVMV 

Complete inhibition No inhibition 


PenieilUn 

3,300,000 

166,000,000 

Streptomycin 

500,000 

20,000,000 

Aureomycin 

1,000,000 

20,000,000 

Chloromycetin 

100,000 

5,000,000 

Subtilin 

1,000,000 

100.000.000 

Bacitracin 

100,000 

20,000,000 


^ Supplied by C. E. Parmelee, Iowa State College. 
V Ameriean Type Culture Collection no. 8082. 
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TABLE 3 

Inhibition of lactic streptococci in whey broth and shim milk by penicillin 




Strains isolated 

from starters* 



Penicillin 

. ^ . 




units/ml. 

V71iey broth 

Skim milk 



Partial Complete 

Partial 

Complete 

0.4 


45 


45 

0.2 


45 

7 

38 

0.1 


5 40 

35 

8 

0.05 


14 27 

23 

0 

0.025 


18 11 

12 

0 

0.0125 


21 3 

7 

0 

0.00625 


9 1 

4 

0 


Identified culturcai) 


Streptococcus cremoris HM 

0.05 

0.2 


0.1 

0.4 

Streptococcus cremons MLl 

0.05 

0.2 


0.1 

0.4 

Leuconostoc citrovorum 531 

0.4 

1.6 


0.8 

>1.6 


• Number of atrains out of 45. 
b Units peniciilin/ml. 

sensitive to penicillin in milk than in whey broth (table 3). In the former, all 
strains required from 0.2 to 0.4 unit penicillin per ml. for complete inhibition; 
in the latter, most of the cultures were completely inhibited by 0.05 to 0.1 unit, 
as well, and several even with 0.00625 to 0.0125 unit. The identified cultures 
fell ill the more resistant group of strains both in whey broth and in skim milk; 
L. citrovorum was the most resistant of all the cultures tested. 

As has been reported previously (5, 7) the effect of penicillin on starter 
culture activity was overcome by the addition of penicillinase at the rate of 
0.02 mg. concentrate per 100 ml. of milk. The earlier work was repeated and 
the data condensed a.s shown in table 4. The enzyme permitted almost normal 
acid production at a concentration of penicillin (0.5 unit per ml.) which other- 
wise stopped fermentation completely. Fifty per cent of the total acid produced 
in the control at 5 hr. was produced with 1.0 unit penicillin per ml. in presence 
of penicillinase. Cysteine in amounts ranging from 1.0 to 10.0 mg. per 100 ml. 
of milk did not inactivate penicillin; in fact, the amino acid was somewhat 
stimulatory in the lower concentrations. 

TABLE 4 

Effect of penicillinase on acid production by a mixed strain starter culture 
in milk containing penicillin 


Penicillin 

% titratable acidity after 5 hr. 

nnits/ml. 

No penicillinase 

With penicillinase 

5.0 

0.20 

0.20 

1.0 

0.20 

0.39 

0.5 

0.20 

0.45 

0.1 

0.34 

0.53 

0.05 

0.42 

0.58 

0.01 

0.51 

0.58 

0.005 

0.54 

0.58 

0 

0.57 

0.58 
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TABLE 5 

JSesiitanee of penieilUn in milk to pasteurisation, as determined by add production 
by mixed strain starter culture 


Penicillin 

% titratablo acidity after 5 hr. 

nnits/ml. 

TTnpasteurized 

Pasteurized 

5.0 

0.18 

0.18 

1.0 

0.18 

0.18 

0.6 

0.18 

0.18 

0.1 

0.40 

0.39 

0.05 

0.44 

0.43 

0.01 

0.59 

0.60 

0.005 

0.58 

0.59 

0.0 

0.59 

0.61 


Pasteurization of milk containing penicillin was considered as another means 
of overcoming the inhibitory effect. Hunter (6) reported that heating milk 
for 30 min. at 145° F. resulted in very little loss in potency of added penicillin; 
steaming for 1 hr. resulted in approximately 50 per cent loss. In the present 
study increasing amounts of penicillin were added to raw milk, one set of 
bottles was pasteurized for 30 min. at 145° F. and another remained as control. 
All bottles then were inoculated at the rate of 3 per cent, incubated and sampled 
as indicated earlier. Results in table 5 show no effect whatever on penicillin 
activity due to pasteurization and thus corroborate Hunter’s findings (6). 

Another means of obviating the effect of penicillin is by use of resistant 
cultures. It is well recognized that bacteria may be adapted to tolerate ap- 
preciable amounts of various inhibitory agents by being transferred in increas- 
ing amounts of these substances (15). Accordingly, this was done with six 

TABLE 6 

Resistance of an adapted** ndtvrr to penicillin before and 
after subculture in penicillin-free milk 


TitnUttble a<*idity developed by: 


Penicillin 

unlts/ml. 

Adapted 

starter 

Adapted starter after 

20 transfers in penicillin- 
free milk 

Unadapted 
control starter 


(%) 

(%) 

(%) 

0 

0.71 

0.82 

0.89 

0.2 

0.70 

0.81 

0.50 

0.4 

0.69 

0.81 

0.23 

0.6 

0.69 

0.83 

0.21 

0.8 

0.69 

0.79 

0.21 

1.0 

0.68 

0.78 

0.21 

1.2 

0.67 

0.83 

0.20 

1.4 

0.60 

0.81 

0.23 

1.6 

0.65 

0.79 

0.20 

1.8 

0.60 

0.77 

0.21 

2.0 

0.66 

0.73 

0.20 

2.2 

0.62 

0.73 

0.21 

2.4 

0.60 

0.65 

0.21 

2.6 

0.61 

0.65 

0.20 

2.8 

0.61 

0.64 

0.20 

3.0 

0.59 

0.62 

0.21 
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starter cultures in sterile skim milk containing penicillin. Coagulation of the 
milk after overnight incubation at 21° C. was taken as the index of satisfactory 
development of the starter. One of these starters retained its ability to coagu- 
late milk after daily transfers for 4 mo., the others did not. During this period 
the culture gradually was adapted to increasing amounts of penicillin, com- 
pletely coagulating milk with 2.1 units per ml. Since it has been shown that 
such trained" cultures can lose their resistance after subculture in absence of 
the antibiotic (15), the above culture when able to tolerate 1.8 units per ml. was 
transferred to penicillin-free milk. After six and twenty passages its sensitiv- 
ity to increasing amounts of penicillin was determined. There was no change 
whatever in its resistance to penicillin after six transfers in penicillin-free milk 
and as the results in table 6 clearly show, its resistance remained substantially 
unchanged even after 20 transfers. In fact, it coagulated milk completely even 
in the presence of 3.0 units penicillin per ml. of milk, although its acid-produc- 
ing capacity was appreciably lower at this level. The adapted starter also 
coagulated milk in the presence of 3.0 units penicillin per ml. and similarly 
showed a decrease in acid-producing capacity. Its vitality in general was de- 
creasing as compared with the other two starters. The unadapted culture was 
completely inhibited by 0.4 unit and produced less than 50 per cent of the total 
acidity with 0.2 unit of penicillin per ml. of milk. 

DISCUSSION 

Although the results presented show considerable variation in penicillin 
sensitivity among the 45 strains isolated from starter cultures, it is clear that 
these strains are all completely or partially inhibited by penicillin levels which 
completely or partially prevent acid formation by the starters themselves. Con- 
siderable variation in tolerance exists among the streptococci (2, 14), the en- 
terococci being among the most resistant; according to the results obtained by 
Hunter (6) and to the data presented above, the lactic streptococci are among 
the most sensitive. 

Other antibiotics such as tyrothricin, bacitracin and streptomycin have also 
been used for control of bovine mastitis (1, 4), From the point of view of the 
problem of carry-over of antibiotics into cheese milk the most desirable agent 
would be one which controlled bovine mastitis and to which the lactic strepto- 
cocci were most tolerant. Chloromycetin appears to satisfy the latter criterion, 
being the least potent of the antibiotics tested. Therefore, it remains to be seen 
if it will be effective in the treatment of bovine mastitis. Little, if any, informa- 
tion is available on the effect of Chloromycetin on lactic streptococci; however, 
0.63 y per ml, will cause a 50 per cent reduction of growth of Streptococcus 
pyogenes (12). 

A very natural question may arise as to the amount of penicillin which might 
find its way into milk and thus cause trouble. Where only a few animals in 
an area are under treatment, the dilution of the antibiotic in the pooled milk 
supply would obviate the difficulty. However, as Hunter (6) and the authors 
(5, 7) have pointed out, where large numbers of animals in an area are being 
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treated simultaneously with penicillin the matter of carry-over into cheese milk 
might be of considerable concern to the cheese manufacturer. Various workers 
have reported on the concentrations of penicillin in milk from treated quarters, 
but the amounts which are present in the final, pooled cheese milk are much 
more difficult to estimate and will vary depending on the amount of penicillin 
infused, the number of quarters treated, the amount of milk produced by each 
animal, number of infected animals in a herd, number of animals milked and 
the volume of milk from treated animals in relation to the total volume of cheese 
milk. Weirether et al, (16) reported that milk contained 0.5 or more O.U. per 
ml. 24 hr. after infusion of 30,000 or more O.U. per quarter. An analysis of 
their data shows as much as 10.0 O.U. per ml. 24 hr. after infusion of 40,000 
O.U. and about 40 O.U. at 12 hr. Sehalm and Casselberry (10) reported that 
12 hr. after infusion of 20,000 units per quarter there was an average of 4.95 
units per ml. of foremilk in 14 quarters in six udders; with six quarters in three 
udders an average of 14.29 units per ml. was found. When eight dry quarters 
each were treated with 100,000 units, there were 5.5 to 29.0 units per ml. of 
milk 24 hr. afterwards in seven quarters and 0.4 units in one ; after 48 hr. seven 
quarters had 0.7 to 4.7 units per ml. Packer’s data (9) indicate an average of 
27.8 units per ml. 12 hr. and 2.1 units per ml. 24 hr. after infusion and Hunter 
(6) arrives at a figure of 5 units per ml. as a conservative estimate after infusion 
of 25,000 units per quarter with indications of even higher values. Similar 
wide variations have been reported by other workers (8, 11, 13). 

Hunter calculates that 90 gal. of milk with 5 units per ml. in 4,500 gal. 
(a five-vat factory supply per day) would provide the critical level of 0.1 unit 
per ml., causing appreciable reduction in acid production. This figure is almost 
identical with the critical level obtained in the present study causing about 50 
per cent reduction of acid production (table 1). On the basis of Packer’s data, 
calculations were made which indicate some of the complications involved and 
show that the problem can actually arise under certain circumstances. 

« Penicillin concentrations 


12 hr. after 24 hr. after 

infusion infusion 

(unit8/mh) (vniU/mL) 

Milk from treated quarter 27.8 2.1 

If 2 quarters treated, pooled milk of 4 quarters 14.0 1.0 

If 1 of 5 cows treated, pooled milk 2.8 0.2 

If 1 of 10 cows treated, pooled milk 1.4 0.1 


It would appear from this hypothetical consideration that in areas where 10 
per cent of the animals or more were under treatment, sufficient penicillin might 
be found in the milk to cause trouble in the cheese factory. 

The most serious danger might occur in connection with preparation of 
starter cultures since milk from one patron usually is used ; however, as Hunter 
points out, careful selection of milk to ensure its coming only from untreated 
cows would overcome this difficulty. Whitehead (17) suggested that milk ob- 
tained from cows during penicillin treatment and for 1 day thereafter be with- 
held from the cheese factory. This is the simplest means of avoiding trouble 
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but one which is not likely to appeal to cheese factory patrons. Furthermore, 
in the light of recent reports on the use of various vehicles, such hs mineral 
oil, water and lanolin derivatives, propylene glycol, etc., designed to sustain 
penicillin levels in the mammary glands (3), Whitehead’s suggestion may be 
impractical since by these means penicillin has been found in milk 72 hr. after 
infusion in amounts of 0.4 to 4 units per ml. The use of penicillin-resistant 
starter cultures would obviate the trouble and preclude loss of milk. Pasteuri- 
zation is ineffective and addition of impure penicillinase concentrates to cheese 
milk may be objectionable because of expense, possible toxicity and pure food 
regulations. 

SUMMARY 

Complete inhibition of acid production by six starter cultures was obtained 
with 0.5 unit penicillin per ml. of milk, strong inhibition with 0.1 unit and 
moderate with 0.05 unit. 

Penicillin was the most inhibitory of the six antibiotics tested with subtilin 
next; Chloromycetin wns the least potent. 

All 45 strains of lactic streptococci isolated from starter cultures were com- 
pletely inhibited by penicillin in skim milk in amounts ranging from 0.2 to 0.4 
unit per ml. In whey broth most of the cultures were completely inhibited by 
0.05 to 0.1 unit; several were sensitive to 0.00625 and 0.0125 unit. A culture 
of Leuconoatoc ciirovorum tested required 1.6 units for complete inhibition. 

Penicillinase at the rate of 0.02 mg. per 100 ml. of milk permitted almost 
normal acid production by a starter at a concentration of penicillin (0.5 unit 
per ml.) whi(di stoppcfl fermentation completely and permitted 50 per cent acid 
produ('tion in the presence of 1.0 unit per ml. 

Cysteine in amounts ranging from 1.0 to 10.0 mg. per 100 ml. milk was in- 
effective against penicillin, as was pasteurization. 

A penicillin-resistant starter culture Avas d(‘veloped which coagulated milk 
in the presence of 3 units penicillin per ml. and retained its resistance after 
20 passages in absence of penicillin. 

Cal(‘ulations are included on tlie amounts of penicillin which may be found 
in milk used for eheesemaking. 
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NUTRIENT COMPOSITION OP BANANA SKINS^ 


J. G. ABCHIBALD 

Animal Euitbandry Dept, University of Massachusetts, Amherst 

Recently, someone who makes a practice of feeding kitchen and garden refuse 
to family livestock sent in an inquiry as to the feeding value of such substances. 
For most of the items mentioned there is considerable information on record, 
but of the lowly banana skin little is known. The information found was in 
reports of some analyses made in England and Germany (1, 3), results of one 
digestion trial with sheep in Germany (2) and an account of a study of the 
pigments of the banana skin from this country (4), all made many years ago. 

Therefore, it was decided to make a rather detailed analysis of the skins. 
The sample obtained for the work was representative of an entire bunch of the 
whole fruit. Caro was taken in sampling to separate from the skins and dis- 
card any pieces of the pulp which either had been overlooked or had been pur- 
posely discarded as too ripe for human consumption. 

Moisture and carotene were determined in separate portions of the freshly 
removed skins ; the bulk of the sample then was dried rapidly at approximately 
80® C. and ground for analysis. The accompanying table gives the values ob- 
tained* and, for comparison, such other data as are available. 

TABLE 1 

Composition of banana skins 



Our analyses 

Hour amp 
et ol. (2) 

Leuscher (3) 


(%) 

(%) 

(%) 

Natural moisture 

83.8 

88.0 

70.0 

Constituents of the dry matter 




Protein 

6.1 

7.7 

9.7 

Ether extract 

8.7 

8.1 

13.7 

Crude fiber 

10.0 

8.6 

28.7 

Nitrogen-free extract 

63.1 

65.1 

34.7 

Total sugar (as invert sugar) 

22.0 



Total ash 

12.1 

10.5 

13.0 

Soluble ash 

11.7 



Calcium 

.35 



Magnesium 

.23 



So^um 

trace 



Potassium 

5.72 


. .. 

Phosphorus 

.32 



Sulfur ... ... 

trace 



Chlorine 

.64 




(p.p.m.) 



Carotene 

66.0 




Received for publication July 15, 1949. 

1 Contribution 730 of the Massachusetts Agricultural Experiment Station. 

2 Most of the analyses reported were made in the State Feed Control Laborator}' under the 
supervision of J. W. Euzmeski, Official Chemist in charge. 
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There are some rather surprisiiip: values here; worthy of special mention 
are the relatively large amounts of ether extract, sugar, carotene and soluble 
ash. The ether extract probably carries some indigestible waxy material such 
as cutin or suberin, but a good deal of this portion doubtless is the familiar 
banana oil (amyl acetate). The pleasing, characteristic odor of the dried and 
ground product strongly suggests this possibility. Any material that contains 
as much as 22 per cent of sugar in the dry matter should not be dismissed as 
worthless. 

The level of carotene is much higher than that reported in the study already 
referred to (5) — 11 p.p.m. in the fresh skins in contrast with about 2.5 p.p.m.; 
this difference may be due to greatly improved methods for carotene determi- 
nation, since the work quoted was published in 1929, If the skins were proc- 
essed in any way, probably a good deal of the carotene would be destroyed, 
but since most of them, if used at all, are offered to farm livestock soon after 
removal of the edible portion, they can constitute an additional and not in- 
considerable source of vitamin A. 

The unusual feature of the ash content is the high value for potassium; 
this, of course, is not significant nutritionally, but is of interest as perhaps 
indicating the need for liberal use of potash salts in the culture of the banana 
plant* In view of the role of potassium in starch formation and translocation 
it is not surprising to find high concentrations of this element in a fruit as 
predominantly carbohydrate in nature as the banana. Another investigator 
(1) reports a somewhat higher value for potassium than was found here (7.5 
per cent of the dry substance) and the observation has been made that *Hhe 
high figure for potassium common to [banana] peel and pulp has suggested 
the collection of banana waste, the ash of which would form a valuable ferti- 
lizer ’’ (4). The diflSculty in this connection is, of course, the accumulation of 
a worthwhile tonnage. 

There also is the further possibility, subject to the same limitations, of drying 
and grinding the skins discarded in the manufacture of banana flour, banana 
flakes, etc. and marketing the product as a constituent of ready-mixed feeds for 
livestock. If economically feasible, such a disposition of the skins and any cull 
fruit® would be much less wasteful than burning them to recover the ash. Al- 
though not in a class with the standard cereal grains and many of the feed con- 
centrates, it has been shown (2) that banana skin meal has a nutrient value of 
approximately 56 per cent, which is comparable with a very good grade of hay, 
and somewhat above much of the hay ordinarily fed to livestock and certain in- 
dustrial by-products now being used as ingredients of some ready-mixed feeds. 

« The nutritive value of the product would be increased in direct proportion to the amount 
of cull whole fruit included. 
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A NEW LYOPHILIZING APPARATUS 

J. W. STULLS AND E. O. IIERREID 
Department of Food Technology, University of Illinois, Urbana 

In connection with a research project dealing with some heat labile fractions 
of milk, it was desired to build a lyophilizing apparatus. The lyophilizing 
process (drying from the frozen state) was described in detail first by Shackell 
(10) in 1909. Five years later, Rogers (8) described the design, construction and 
application of another lyophilizing apparatus. His classic study of the prepara- 
tion of dried cultures of microorganisms apparently did not arouse much interest 
until 1935, when two groups of workers (4, 5) published descriptions of lyophiliz- 
ing apparatus and diseusssed their application to the drying of biological sub- 
stances, including cultures of microorganisms. A summary of the theory of the 
lyophilizing process is given by Bradish (1) and Bradish et al. (2). A review 
of the recent literature dealing with the construction of lyophilizing apparatus 
revealed a wide variation in design, size, simplicity and efficiency of operation 
(1, 2, 3, 6, 7, 9, 11). Without going into detail concerning the theory of the 
lyophilizing process' it may be said that the construction of the equipment 
described herein, provides for the optimum conditions of the lyophilizing opera- 
tion, namely, (a) the maintenance of a high vacuum, (b) short, direct path from 
the surface of the material to a condenser which is maintained at the temperature 
of dry ice, and (c) drying from a thin layer of frozen material. 

Construction of apparatus. Pig. 1 shows the lyophilizing apparatus. The 
outer member of a 71/60 standard taper ground glass Pyrex joint was fitted so 
as to replace the neck of a 3 1. round bottom flask (A). At a point 2.0 cm. 
above the junction of the neck with the body of the flask, the outer member of a 
29/42 standard taper ground glass Pyrex joint was sealed as a side arm into the 
neck at an angle of 45®, 

The condenser was constructed from a glass tube (o.d. 3.0 cm.) which was 
ring-sealed at the top of the inner member of the 71/60 ground glass joint. The 
tube was sealed off at the bottom such that there was a clearance of 3.0 cm. be- 
tween it and the bottom of the flask when the inner member was placed into 
position. 

Pour complete units* were constructed to be connected to the manifold (B) 
through which the vacuum was applied by means of a mercury diffusion pump. 

Received for publication July 11, 1949, 

^ Now at the Univereity of Arizona, Tucson. 

3 Two units were constructed from 3 1. round bottom flasks and two from 5 1. flasks. 
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The manifold was constructed from a 500 ml round bottom flask. The four inner 
members of the 29/42 standard taper joints were sealed into the bottom of the 
flask at an angle of 135^ with the neck of the flask. A 2.0 mm. two-way stopcock 
was sealed into the bottom of the manifold to be used in releasing the vacuum. 
The vacuum was applied at the top of the manifold. 



Fio. 1. AsBembled apparatus with fhc vacuum system attached. A — lyophilizing ujiits. 
B — ^manifold. 0 — ^liquid air trap. D — mercury diffusion pump. E — backing pump. 


Operation of the apparatus. The operation of the apparatus is as follows : 

(a) Pour the material to be dried into the flask. 

(b) Immerse the flask and contents in an acetone-dry ice bath and freeze the 
material on the inside surface of the flask in a thin, uniform layer by swirling. 

(c) Place the condenser into position and connect the assembly to the mani- 
fold. 

(d) Apply the vacuum. 

(e) Place acetone-dry ice coolant in the condenser tube at a level even with 
or above the side arm of the flask. 

(f) Place a fan® in a position which will direct a current of air against the 
flasks. 

(g) Drying is complete when the flasks reach room temperature. Release 
the vacuum, disconnect each assembled unit from the manifold and remove the 
inner member which holds the moisture in the form^of ice. 

Operating characteristics. Typical operating results are found in table 1. 

» A 16-m. ventilating fan was placed within 6 in. of the flasks and operated at full speed. 
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TABLE 1 

Typical results obtained in the operation of the lyophilising apparatus 

Product 

1 

Buttermilk 

Trial no. 

2 

Condensed 

waslied 

cream 

buttermilk 

3 

Condensed 

washed 

cream 

buttermilk 

Wt. of product (p.) 

230 

230 

275 

Total solidB (%)« 

11.5 

10.1 

10.1 

Wt. of powder (p.) 

27.3 

23.2 

27.5 

Moisture (%) 

2.9 

3.5 

3.7 

Time of operation (fer.) 

5 

3 

3 

Boom temp. (** C.) 

22-23 

28-29 

28-29 

Size of flask (2.) 

3 

3 

5 

Mean rate of moisture removal (g. /hr.) 

40.4 

69.7 

82.2 

Vacuum applied (mm. Bg.)^ 

0.1 

0.1 

0.1 

Wt. of water removed {g.) 

201.9 

206.0 

246.5 


Mojonnier Method, 
b Determined by vacuum arc tester. 


In regard to the rate and amount of moisture removal, three points should be 
emphasized. First, it is important to secure the vacuum reported not only to 
maintain the maximum rate but also to derive the indicated capacity of the ap- 
paratus. The latter factor results from the fact that the capacity of the ap- 
paratus is limited by tiie maximum thickness of the ice formation which can clear 
the neck of the flask when the condenser is removed. It has been found, there- 
fore, that as the vacuum applied is increased the structure of the ice changes from 
fine, loosely formed crystals to a dense, compact mass at a pressure of less than 
0.1 mm. 

The explanation of the variation in the rates of moisture removal in trials 1, 
2 and 3 (table 1) is probably found in the second and third points to be con- 
sidered, namely, the room temperature and the size of the unit. An increase in 
room temperature of 6® C. resulted in an increase in rate of moisture removal 
of more than 50 per cent (trial 1 vs trial 2). Finally, through an increase in 
the size of flask from 3 to 5 1. (trial 2 vs trial 3), the rate of moisture removal was 
raised approximately 20 per cent. 


CONCLUSIONS 

A lyophilizing apparatus is described in which the design, simplicity, and effi- 
ciency represent improvements in the types of apparatus available for small scale 
operation, 
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THE EFFECT OF INTEERUPTION OF MILKING ON THE CAROTENE 
AND VITAMIN A AND PROXIMATE COMPOSITION OF MILK AND 
ON THE CALCIUM CONTENT OF BLOOD SERUM* 

D. N. MEBCEB, H. D. EATON, B. E. JOHNSON, A. A. BPIELMAN, 

W. N. PLASTEIDGE, L. D. MATTEBSON and L. NEZVESKY 

Animal Indvstries Department and Animal Vieeases Department, Starrs Agricultural 
Experiment Station, Storrs, Connecticut 

The interruption of milking has been found by several investigators (1, 3, 4, 
8, 12, 13, 14, 16) to result in a marked alteration of the proximate composition 
of milk. In general, the amount of milk and the per cent lactose were found to 
have decreased, the per cent protein and ash to have increased, and the per cent 
fat to be affected inconsistently. During interruption of milking, an increase in 
the level of lactose in both blood and urine has been reported (1, 12). Although 
no reports on the effect of interruption of milking on blood serum calcium were 
found in the literature, blood serum calcium has been observed (10) to increase 
the third or fourth day postpartum in cows not milked following parturition. 
The objectives of this study were to determine the effect of interruption of milking 
for a 10-day i)eriod on (a) the carotene, vitamin A, and proximate composition 
of milk, and (b) the calcium level of blood serum. 

EXPERIMENTAL 

Animals, A total of 18 cows of the Ayrshire, Guernsey, Holstein and Jersey 
breeds were used in this experiment during the period March, 1948, through 
April, 1949. Twice daily milking was interrupted for a 10-day period in 12 of 
these COWS; that is, no milk was removed from the udders of these cows during 
the 10-day period. The six remaining cows served as controls and were milked 
twice daily for the entire experimental period. The average number of lacta- 
tions and the average number days milked postpartum were 1.8 zb 0.9 and 
175.7 zb 26.6, respectively, for those cows in which milking was interrupted and 
4.0 ± 1.9 and 104.2 ±. 50.2 for the controls. 

For 4 wk. prior to the interruption of milking and for the experimental 
period, all cows received roughage oil the basis of liveweight. This consisted 
per 100 lb. of liveweight of 1 lb. of U. S. No. 2 alfalfa hay and 3 lb. of well- 
matured corn silage. A grain mixture consisting largely of cereal grains and 
containing 13.5 per cent crude protein was fed according to milk production. 
To those cows in which milking was interrupted, no grain was fed during the first 
8 days of the interrupted milking period. The hay, silage and grain contained 
on an average 17.71, 1.89, and 0.16 mg. of carotene per lb., respectively, as de- 

Beeeived for publication July 14, 1949. 

1 This work was supported in part by the Big-Y-Foundation, Norwich, Conn, and Chas. M. 
Cos Co., Boston, Mass. It is part of a thesis presented by D. N. Mercer to the Graduate School 
of the University of Connecticut in partial fulfillment of the requirements for the degree of 
Master of Sdenee. 
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termined by the method of Moore and Ely (9) as modified by Nelson et al, (11) « 
Samples, Representative samples from the six milkings immediately prior 
to the lO-day interruption period and from the first six milkings following inter- 
ruption were obtained from 12 of the cows. Similar samples plus samples during 
the 10-day period when the treated cows were not milked were obtained from two 
of the control cows. Milk samples were chilled in the dark at 4° C. and analyses 
were completed in most instances within 6 days. When analyses could not be 
completed within 6 days, the samples were quk?k-frozen and held at - 18° C. 
until analysed. 


CONTROL 

TREATED 





MILKINGS FROM INTERRUPTION 


Fiq. 1. The effect of interruption of milking on the lb. of milk, specific gravity and per 
cent fat. 

Venous blood samples were obtained daily between 9 and 11 a.m. from 
four of the cows in which milking was interrupted and from four cows in which 
milking was not interrupted. The blood was allowed to clot at 4° C., centrifuged 
within 8 hr., and analyses completed for serum calcium within 72 hr. after col- 
lection. 

AruUffses. The methods used in the analyses of the milk samples were similar 
to those previously reported (5). Blood serum calcium was determined accord- 



CAROTENE AND VITAMIN A 


979 


lO ^ 1 -t 00 
^ tN. 03 CO 

dodo d 


OC O O 
O UO I'- ^ O 

d d d d d 


CO eo o © CO 

O '>!*•-«*< O lo 

d d d d d 


O 00 OJ »0 »H 
01 00 0-J o 

d d d d d 


> d i-i © 

< r1 I— I pH 1 


0 O Cl 00 l'- 

01 Cl Cl « 

d P-* d o 


00 O rH eo 

CO O 00 oi to 
rH d d t-J d 


© O "t I-- '(!< 
CC O Ci 00 IC 

ci d d d d 


I • ^ 

i eo Cl © © i, 

I p^. O Of 


© W © © 

CO © W >o 

d rH d d d 


»-( © o © o , t: 


lO © © CO 

*>: c> 
d oi d d pH 


i'^ © © © © 

PH eo © 
d d d d d 


rt th © eo 


^ lO © t- » ^ 

§ ■ ■ • 



980 


D. N. MEBCER ET AL. 


ing to the method of Clark and Collip (2). Standard statistical procedures for 
the analysis of variance (15) were used to test for differences between treatments. 

RESULTS 

Data for the mean carotene and vitamin A and proximate composition of the 
milk for the six milkings prior to interruption and for the six milkings after in- 
terruption are given in figs. 1, 2, 3 and 4. The calcium levels in the blood serum 
of individual cows prior to, during, and after the interruption of milking are 
contained in table 1. Interruption of milking resulted in a decrease in the per 
cent lactose, and increases in the per cent carotene, vitamin A, protein, fat, and 
ash. With the exception of carotene and vitamin A, the total amount of these 
nutrients secreted was less after interruption than before interruption. The 
levels of blood serum calcium in those cows in which milking was interrupted were 
found to increase during the interruption period. 

The average amount of milk and specific gravity (fig. 1) of the milk of those 
cows in which milking was interrupted was significantly less after interruption 
than prior to interruption. An analysis of the differences of the average values 
before interruption from the average values after interruption gave highly sig- 
nificant differences (P < 0.001) between treatments. Further analyses between 
average values for the six milkings prior to interruption and similar average val- 
ues after interruption within treatments showed a similar statistical difference for 
the group in which milking was interrupted, but no statistical difference was 
found for the control group. 

The average carotene and vitamin A content per 100 ml. of milk or calculated 
to per gram of fat (fig. 2 and 3) increased markedly after interruption of milking. 
The differences in the average values before interruption from those after inter- 
ruption were statistically significant between treatments for vitamin A (P < 0.01 
for per 100 ml. of milk and P < 0.05 for per g. of fat) but not for carotene. 
Within the group in which milking was interrupted, there was a significant in- 
crease (P < 0.001) in carotene and vitamin A following interruption. No 
statistical differences were found iot the control group. The trend for carotene 
after interruption was negative while that for vitamin A was positive. A calcu- 
lation of the total amount of carotene and vitamin A secreted showed no signifi- 
cant differences between the average values before interruption with those fol- 
lowing interruption. 

The average protein, fat, and ash content (fig. 1 and 4) increased after inter- 
ruption, while the average lactose content decreased. The differences between 
the average values before interruption and after interruption showed significance 
only for lactose (P < 0.001) and for ash (P < 0.05). However, a comparison 
within treatments of the average values before and after interruption gave highly 
significant differences (P < 0.01 in the case of protein and P < 0.001 in the case 
of fat and ash) . Both protein and ash showed negative trends after interruption, 
and lactose a positive trend. Interruption of milking caused significant decreases 
(P < 0.01) in the total amounts of these nutrients. 

Although not included in the data presented, aliquot daily samples represent- 
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ing the fourth, fifth, seventh, and ninth days after interruption were obtained 
from seven of the cows in which milking was interrupted. The amount of milk, 
the specific gravity, the per cent fat and the per cent protein had by the ninth day 
returned to the same average levels as those found before interruption of milking. 
Such is not the ease, however, with the per cent lactose, the per cent ash and the 
carotene and vitamin A content expressed as micrograms per cent or per gram of 
fat. 

The levels of blood serum calcium (table 1) were increased by interruption 
of milking. During the interruption of milking the average serum calcium levels 
were higher (P < 0.05) in the interrupted milking group than in the controls. 
There were no treatment differences prior to and after interruption of milking. 

DISCUSSION 

Investigation in the field of interrupted milking prior to this study has in- 
flicated that, when the removal of all or part of the milk from the mammary 
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gland has been interrupted for a period of time and then resumed, changes occur 
in the concentration of the proximate constituents. These changes have been 
attributed to resorption of certain of these constituents. Previous work has 
utilized the individual cow’s udder as an experimental unit and a control unit. 
The possibility of stimulatory effects resulting in higher intramammary pressures 
than in the non-stimulated udder probably were experienced, if the “let-down” 
mechanism of Ely and Peterson (7) is accepted. 

The effect of interruption of milking on the concentration of the proximate 
constituents as reported herein is essentially in agreement with the data in the 
literature (1, 3, 4, 8, 12, 13, 14, 16). Examination of the total amount of these 
nutrients secreted after interruption would tend to support the view that resorp- 
tion does take place upon interruption of milking. A more critical experiment 
certainly is indicated before this view can be accepted fully for all of the proxi- 
mate constituents and their component parts. 

In the case of carotene and vitamin A, the increase in concentration was 
marked, both when expressed as y per 100 ml. of milk and y per gram of fat. 
Of further interest is the positive trend in the concentration of vitamin A fol- 



Fig. 3 . The effect of interruption of milking on the vitamin A content of milk. 

lowing interruption of milking which suggests that, at least under these particular 
conditions, the secretion of vitamin A may be independent of that of fat. The 
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abeence of significant differences between the total amount of both carotene and 
vitamin A secreted before and after interruption of milking is in contrast to that 
found for the proximate constituents, where a marked decrease occurred. 


CONTROL TREATED 
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MILKINGS FROM INTERRUPTION 

Flo. 4. The effect of iiiterruptioii of milking on the per cent protein, per cent lactose, and 
per cent ash of milk. 

Porcher (12), and Brown et aL (1) have pointed out that interruption of 
milking will result in a secretion similar to that of colostrum. The data presented 
in this paper w’ould not support such a view\ Colostrum from the first milking 
postpartum of cows fed a ration similar to that in this experiment (6) had con- 
centrations of lactose, fat, and ash, only, which approached those values reported 
in the data in this experiment. In colostrum the average grams per cent protein 
was 12.2 and the average micrograms per cent carotene and vitamin A were 272 
and 268. These values were two-fold greater than those found after interruption 
of milking. 

The increase in blood serum calcium during the interruption of milking is 
similar to the report of Neidermeier and Smith (10), who found in cows not 
milked postpartum a similar rise 3 to 4 days after parturition. Whether this 
rise in serum calcium is due to resorption of calcium or to hormonal effects needs 
investigation. 
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SUMMABT 

The effect of interruption of milking for a 10-day period during lactation on 
the carotene, vitamin A, and proximate composition of milk and on the calcium 
level of blood serum has been studied for 18 cows. The data indicate that inter- 
ruption of milking results in significant increases in the concentration of carotene 
and vitamin A. With the exception of lactose, the proximate constituents also 
increased in concentration; lactose content decreased. The total amount of 
these nutrients secreted for the first 3 days after interruption was significantly 
lower for the proximate constituents, but no appreciable differences were noted 
for carotene and vitamin A. Interruption of milking, resulted in a significant 
elevation of blood serum calcium during the period of interruption. 
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THE VALUE OP MILK REPLACEMENTS IN THE RATIONS 
OP DAIRY CALVES^' » 

J. B. WILLIAMS AND C. B. KNODT 
The Pennsylvania Agricultural Experimental Station 


INTBODUCWON 

Numerous attempts have been made to find a method of raising young dairy 
calves on a minimum amount of whole milk. Several investigators (1, 2, 2, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17) have demonstrated that calves can be raised on 
limited quantities of milk. 

The relative cost of fiuid milk in some areas has encouraged the sale and use 
of various products in supplementing or replacing whole milk. Some of the 
materials used are dried skimmilk, dried whey, distillers dried solubles, soluble 
blood flour, oat flour, fish meal, vitamin supplements and other animal and vege- 
table by-products. Shoptau (18) found that soybean flour was not a satisfactory 
substitute for milk. Wiese ei al. (21) concluded that a synthetic milk prepara- 
tion must be supplemented with riboflavin to give normal growth. Trimberger 
(20) has reported that distillers dried solubles can be used to replace half of 
the milk normally fed to calves at 3 wk. of age. Gullickson et aL (4) observed 
that calves fed vegetable oils or animal fats did not gain weight or appear as 
thrifty as calves fed whole milk. 

The purpose of this investigation was to obtain additional information relative 
to the value of mixtures of some commonly used animal and vegetable products 
when fed to dairy calves as replacements for milk. 

EXPERIMENTAL PROCEDURE 

Pifty Holstein male calves obtained from state institutional herds, were 
divided into five comparable groups on the basis of body weight, height at the 
withers and chest circumference. The calves were put on the experiment not 
later than the fourth day following birth. Groups I, II, III and IV were fed the 
replacement formulae shown in table 1. The remaining ten calves constituted the 
control group and were fed 300 lb. of whole milk including colostrum. All calves 
were fed from open pails placed in the concentrate feed box located 10 inches 
above the floor of the pen. 

Beceived for publication July 26, 1949. 

1 Authorised for publication as paper no. 1528 in the Journal Series of The Pennsylvania 
Agrioultural Experiment Station. This work was supported in part by the Cooperative G. L. 
F. Exchange, Inc., Ithaca, N. Y. and National Distillers Products Corporation of N. Y. with 
the cooperation of The DistUlers Feed Beseareh Council of Cincinnati, Ohio. The sulfathalidine 
used in this trial was supplied by Sharp and Dohme,,Ine., Glenolden, Pa. 

s The data contained in this publication are from a thesis to be submitted by the senior 
author to the Graduate School of The Pennsylvania State College in partial fulfillment of the 
requirements for the degree of Doctor of phUosophy. 
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TABLE 1 


MUle replacement formulae 


Ingredient 

I 

II 

III 

IV 


(».) 

(lb.) 

(lb.) 

(15.) 

Dried ekimmilk 

40 

50 

50 

30 

Dried whey .... 

20 

10 

10 

10 

Ground bmt pulp 

20 

10 


10 

Corn distiller’s dried solubles 


10 

10 

10 

Blood flour .. 



10 

10 

Fish meal 




10 

Dextrose . 

7.75 

7.75 

7.75 

7.75 

Oat flour .. 

5.00 

5.00 

5.00 

5.00 

Brewer’s dried yeast 

4.90 

4.90 

4.90 

4.90 

Irradiated yeast (9F) 

0.10 

0.10 

0.10 

0.10 

Stabilised Vitamin A feed>> 

2.20 

2.20 

2.20 

2.20 

Minerals*^ 

0.042 

<».042 

0.042 

0.042 

Daily allowance 

1.0 

1.0 

1.0 

1.0 

Est. daily intake of 





dicalcium phosphate Qh.) 

0.1846 

0.2195 

0.301 

0.2888 

Est. daily intake of Ga {g,) 

3.80 

3.83 

3.90 

5.36 

Est. daily intake of P (p.) 

3.05 

3.79 

4.04 

4.62 

(’ost> per calf to 8 wk. of age 

$4.69 

$5.12 

$5.76 

$5.01 


• Cost based on retail feed prices in Aug., 1948. 
b 220,000 USP units of vitamin A/lb. 

•'Mineral mixture: Ferric citrate (FeCJI-O, • SHgO) r)0.570^ 

Cupric sulfate (CuSO« * SHsO) 19.73% 

Manganese sulfate (MnSO, ' IHjO) 21.59% 

(’obalt chloride (CoCl.-OHsO) 2.11% 


The calves in groups I, II, III ami IV were fed the mixtures at 100° F. ac- 
cording to the folloivkig schedule : 

Birth to 4th day 

Dam ’s milk 
5th to 7th day 

2.5 lb. whole milk, 0.25 lb. milk replacement, 2 lb. water * 

Hth to 10th day 

1 lb. whole milk, 0.5 lb, milk replacement, 4 lb. water"* 

11th to 35th day 

0.5 lb- milk replacement, 5 lb. water® 

36th to 49th day 

0.5 lb. milk replacement, 6 lb. water® 

50th to 56th day 

0.5 lb. milk replacement, 6 lb. water (once daily). 

The calves in group V were fed whole milk which averaged about 3.8 per cent 
fat according to the following schedule ; birth through 10th day— 8 lb. per day, 
11th through 24th day— 10 lb. per day, 25th through 28th day— 8 lb. per day and 
29th through 36th day— 6 lb. per day. 

The calves of all groups were fed a good quality alfalfa hay ad Ubitum from 
birth to the conclusion of the 16-wk. trial. Each calf was provided with calf 
starter ad libitum until each was consuming the maximum of 6 lb. daily. The 


» Twice daily. 
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calf Starter was prepared as follows : yellow corn meal 406.5 lb., wheat bran 300 
lb., crushed oats 400 lb., linseed oil meal 140 lb., soybean oil meal 280 lb., dehy- 
drated alfalfa meal 140 lb., cane molasses 100 lb., dried skimmilk 100 lb., dried 
com distiller’s solubles 100 lb., irradiated yeast (9P) 0.5 lb., dicalcium phos- 
phate 10 lb., ground limestone 10 lb., iodized salt 10 lb., and Vitamin A feeding 

011 3 lb. (2,724,000 USP units of A per pound). 

The barn was artificially lighted and ventilated, and thermostatically main- 
tained at a temperature of 65° F. by means of steam heat. Each calf was placed 
in an individual pen which was equipped with a salt block, water bowl, con- 
centrate feed box and hay manger. The calves were placed at random through- 
out the barn so as to prevent positional effects. Growth measurements were taken 
by the same person each week at the same time and in the same order with re- 
spect to the body weight, height at the withers and chest circumference. Daily 
observations of the conditions of the feces of each calf were made by the same 
person throughout the trial. Photographs of each calf were taken at birth, 4, 8, 

12 and 16 wk. of age. Upon arrival each calf was given orally, 5 g. of sul- 
fathalidine and an additional 5 g. at each of the next three successive feedings. 


EXPERIMENTAL RESITLTS 
TABLE 2 

Summary of growth^ and cost data 


Group 

Body weight 

Withers height 

Chest eir. 

COBtb 

8wk. 

16 wk. 

8wk. 

16 wk. 

8wk. 

16 wk. 

16 wk. 

I 

0.33 

1.07 

0.07 

0.10 

0.02 

0.07 

0.20 

II 

0,78 

1.41 

0.13 

0.15 

0.06 

0.09 

0.18 

III 

0.84 

1.35 

0.10 

0.14 

0.07 

0.09 

0.19 

IV 

0.89 

1.32 

0.12 

0.14 

0.08 

0.09 

0.19 

V 

0.90 

1.36 

0.12 

0.14 

0.06 

0.09 

0.22 


« Expressed as mean daily gains, 
b Based on retail feed prices in Aug., 1948 per lb. gain. 


The summary of the growth data for the 16-wk. trial is presented in table 2. 
It would appear from this summary that the calves of group 11 were slightly 
superior to the other groups, but when the data were analyzed statistically ac- 
cording to the methods of Snedecor (19) there were no significant differences 
between groups 11, 111, IV and V in terms of body weight, height at the withers 
and chest circumference. However, group 1 was significantly poorer than all 
other groups on the same basis. The cost per lb. of gain in body weight was 
somewhat lower for groups 11, 111 and IV than for V. The high cost of fluid 
milk, even though fed in limited amounts, was the reason for the higher cost 
in group V. Gain was less costly in group 1 as compared to group V, but rate 
of gain was considerably less also. 

The only loss was one calf in group 1 which died at 30 days of age. The in- 
dividuals in this group suffered frequent and prolonged scouring until about 30 
days of age, with two calves being unable to stand on their feet for several days 
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Fia. 1. Calf 418| a typical individual in group I at 4 wk. of age. 
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at that age. All calves in group 1 incurred considerable hair loss over the entire 
body, muscular incoordination and weakness, profuse lacrimation* and papilla- 
dema but maintained their appetites even when unable to stand. Fig. 1 is a 
photograph of calf no. 418, a representative calf of group I, at 4 wk. of age, 
while fig. 2 is the same calf at 16 wk. of age. The hair loss began on the 18th to 
2l8t day of age and continued until the calves began to ruminate at an average 
of 35 days of age, at which time the hair loss stopped and new hair began to grow 
in. Three calves in group II suffered some loss of hair about the forehead and 
one calf in group IV suffered considerable loss of hair over the entire body. 
There was no^hair loss in groups III and V. 

The amounts of hay and grain presented are those actually consumed, as all 
refusals were weighed back. The average consumption of the calf starter was 
similar in all groups except group I. This group consumed an average of 301 lb. 
of starter and the other four groups varied from 351 lb. to 363 lb. Average hay 
consumption per calf for groups II, IV and V were 150, 144 and 151 lb., respec- 
tively; calves in group I each consumed an average of 112 lb. and calves in group 
III each 172 lb. 

Scouring was not a problem in any of the groups with the exception of group 
I. When a scouring condition persisted for more than 24 hr., a 10 g. dose of 
sulfathalidine was given and another 5 g. at each of the next two successive feed- 
ings. The drug was administered orally in 6 g. capsules and effectively con- 
trolled all cases except those occurring in group I. As high as 40 g. were given 
to calves in group I without any apparent relief from the condition. The teeth 
of four of the calves in group I were loose and greatly discolored with red, tender 
gums. Some of the calves suffered tongues swollen so badly that swallowing was 
difficult, even though the calf was hungry. The mouth was very , tender, making 
it painful to work the trip in the water bowls ; the water bowls had to be operated 
manually by the feeder until the condition cleared up. 

The feces of all of the calves on the replacement formulae w'-ere very dark an<l 
rather soft until a considerable amount of hay and starter were being ingested, 
at which time they were similar in all respects to the feces of the milk-fed calves. 

The general appearance of the animals in groups I, II and IV was not as 
satisfactory as the calves in groups III and V ; however, at 60 days of age there 
was very little difference in the groups. At the end of the 16-wk. trial several 
of the calves from group I were comparable to the other groups in all respects. 

Palatability was not a problem with any of the formulae, as calves 4 days old 
easily were taught to take the mixtures from the pail. Mix I had a greater ten- 
dency to settle out than the others, especially when the very young calves were 
slow in consuming the mixture. The other mixes went into suspension very read- 
ily and remained so until the calf had consumed the entire amount. One animal 
in group III persistently refused to take the replacement unless aided by the 
feeder. 

In an effort to correct the symptoms occurring in group I additional calves 
similarly were fed and managed but received in addition daily by oral adminis- 
tration the following; calf 411A — 50 mg. ascorbic acid, calf 411B— '10 mg. biotin, 
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calf 411C — 0.2 lb. vitamin free casein, calf 411P — 20 mg. calcium pantothenate, 
calf 411R — 6 mg. riboflavin, calf 481 — 10,000 USP units of vitamin A, calf 480 — 
2.7 mg. of 70 per cent choline chloride, calf 482 — 0.7 gm. 1-cystine, calf 483 — 3.5 
gm. methionine, and calf 485 — ^received the latter three in combination in identi- 
cal amounts daily. These supplements failed to effect the general pattern of hair 
loss and other symptoms observed in group I. 

Sixteen additional calves have been fed a milk replacement similar to that 
fed to group III except that it contained 0.22 lb. of stabilized vitamin A feed 
(2,274,000 USP units per lb.) which replaced 2.20 lb. of stabilized vitamiil A feed 
(220,000 USP units of vitamin A) and 2.50 lb. of dicalcium phosphate in addi- 
tion. Similar response in growth and general appearance was obtained. This 
modifled formula is now being used in a field trial with a relatively large num- 
ber of calves and is giving satisfactory results. 

SUMMARY 

1. A milk replacement formula is presented which produced calves equal in 
rates of growth and general appearance to milk fed controls under the conditions 
of these experiments. 

2. A replacement containing 20 per cent beet pulp was found to produce cer- 
tain deleterious effects, under the conditions of this trial. These symptoms were 
not prevented by the oral administration of ascorbic acid, biotin, vitamin free 
casein, calcium pantothenate, riboflavin; choline-chloride, 1-cystine, methionine 
or vitamin A. 

The cooperation of V. A. Houston and C. R. Barber of the Penn.sylvania De- 
partment of Welfare in providing the calves used in this project is sincerely ap- 
preciated. This was a cooperative project with the Department of Animal Hus- 
bandry of Cornell University. 
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THE USB OP CANDIDA LIPOLYTICA CULTURES IN THE 
MANUFACTURE OP BLUB CHEESE FROM 
PASTEURIZED HOMOGENIZED MILK‘ 


C. E. PABMELEE ANB F. E. NELSON 
Dairy Industry Sectionf Iowa Agricultural ISxyervment Station, Ames 

The pasteurization of milk for the manufacture of blue cheese has received 
increasing interest since the enactment of various state laws requiring pasteuriza- 
tion or minimum curing periods for cheese. Pasteurization destroys the normal 
milk lipase which is responsible for much of the fat breakdown required in the 
development of the flavor of blue cheese. One logical solution to the problem is 
the substitution of another lipase for the milk lipase. The present study is an 
attempt to substitute, for the lipase of milk, the lipases produced in the cheese by 
certain microorganisms added as pure cultures to the milk from which cheese 
is made. 

HISTORICAL 

The manufacture of blue cheese from pasteurized milk was mentioned by 
Goss, Nielsen and Mortensen (8) in 1935. Cheese made from pasteurized milk 
did not develop as much surface growth of molds and bacteria, did not have 
as much flavor and did not become as sweet during curing as did the cheese made 
from raw milk. Lane and Hammer (11) found that the flavor and color of cheese 
made from pasteuri 2 ;ed homogenized milk were inferior to those of cheese made 
from raw homogenized milk. 

Irvine (10) reported that the addition of 0.5 to 1.0 g. of lipase preparation to 
100 lb. of raw milk accelerated fat hydrolysis but always gave a bitter flavor in 
blue cheese. The lipase used was identified as steapsin (13). Coulter and Combs 
(4) found that this enzyme would give the same amount of flavor in 5 months’ 
curing that had been obtained previously in 12 months’ curing of raw milk cheese ; 
however, the bitter flavor was present. They made several lots of blue cheese 
from pasteurized milk to which 2 g. of steapsin per 100 lb. of milk had been added. 
These lots of cheese were not inoculated with mold and were not pierced but they 
had the rank flavor of butyric acid to the exclusion of all other flavors up to 15 
months. The volatile acid values were very high on these lots of cheese. 

By adding controlled amounts of desiccated sheep mammary tissue to blue 
cheese curd made from pasteurized milk. Lane and Hammer (12) were able to 
make a cheese which would ripen in the same length of time required for cheese 
made from raw milk containing homogenized fat. Babel and Hammer (1) found 
that addition of steapsin to the curd or to the milk resulted in cheese having a 
bitter flavor and somewhat gray color. Desiccated mammary tissue produced 
cheese having more flavor than the control cheese, and the cheese, if made from 
pasteurized homogenized milk, were quite satisfactory after ripening for 3 months. 

Beeeived for publication July 22, 1949. 

a Journal paper no. J1672 of the Iowa Agricultural Experiment Station, Project 895. 
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Cheese made from pasteurized milk, to which various enzymes had been added, 
were improved by homogenization of the milk. 

The use of the cell-free extract of Mycoiorula lipolytica (now termed Candida 
lipolytica) in pasteurized homogenized milk for blue cheese already has been re- 
ported by Peters and Nelson (14). 

The lipolytic activity of a number of microorganisms has been investigated. 
The lipolytic activity of Pseudomonas fragi was studied by Hussong et al, (9) 
by Fonts (5). Achromohacter lipolyiicum was found by Collins (3) to produce 
rancidity in butterf at, com oil and tributyrin and tallowiness in olive oil and tri- 
olein. Fonts (5, 6, 7), in studying the effect of the growth of organisms on the 
acidity of the fat in cream and butter, found that Penidllium roqueforti, Oospora 
laetis, M. lipolytica, A, Upolyticum, Alcaligenes lipolyticus and Pseudomonas 
fiuorescens, but not P. fragi, caused increases in the acid numbers of the fat when 
inoculated into sterilized cream. M. lipolytica was the only organism in the 
group which showed increased growth in the presence of butter culture organisms. 
Of this group of organisms, M. lipolytica and A. lipolyticus were found to give 
the greatest increases in the total volatile acidity of butterfat. 

EXPERIMENTAL 

The milk used was normal mixed herd milk, pasteurized at 143-147^ F. for 
30 min., cooled to about 130^ F., homogenized at 1,700 lb. pressure and cooled 
to 40-45® P. The milk was made into cheese immediately or was held below 
40® P. until the following day. The milk in the vat was heated to 89-90® P. and 
1 per cent of lactic culture was added. After 30 min. ripening, the milk was set 
with rennet used at the rate of 90 ml. per 1,000 lb. of milk in lots 4 to 51 and 130 
ml. per 1,000 lb. of milk in all other lots. The curd was cut with 0.5 inch curd 
knives 70 min. after rennet addition. The cut curd was allowed to stand for 
about 30 min. and then was stirred gently every 20 to 30 min. until firm enough 
to hoop. Heat was applied to the jacket of the vat at the stirring time, when- 
ever necessary to keep the temperi^ture at 90® F. inside the vat. The curd was 
firm enough to hoop at 2.0 to 2.5 hr. from the time it was cut, and the whey acidity 
usually had increased 0.04 to 0.06 per cent. One per cent salt and 0.01 per cent 
mold powder were added to the curd at the time of hooping. Dry salt was 
rubbed on the surface of the cheese every day for 4 or 5 days, until 5 per cent 
salt had been used. The day after salting was completed, the cheese of lots 4 
to 119 were dipped in flexible cheese coating and pierced about 50 times with a 
wire needle, 0.1 inch in diameter. All other lots were pierced but not coated. 
The cheese was cured at 48 to 52® P. at a relative humidity of 90 to 95 per cent. 

Each trial consisted of a control lot of cheese and three lots in which one factor 
was varied, all made from separate 115-lb. portions of the same milk. The lots 
of cheese were scored at various intervals for mold growth, flavor development 
and defects in flavor. Each item had a range of score from 0 to 10 in which 10 
was the most perfect score. This should be remembered wh^ considering the 
defect score, because the higher the defect score, the less serious was the defect. 
The total volatile acidity of the cheese was determined by the method of Lane 
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and Hammer (11). Pat acidity was determined by the method of Breazeale 
and Bird (2) after the fat was obtained and purified by the method of Lane and 
Hammer (11). 

Preliminary trials were made to determine the species of microorganism, the 
type of culture and the amount of culture that should be used to improve the 
flavor of blue cheese made from pasteurized milk. Cultures of each of the four 
lipolytic microorganisms, Candida lipolytica (strain 846), Alcaligenes lipolyticus, 
Achromohacter lipolyticum and Pseudomonas fragi were prepared by inoculating 
three portions of 18 per cent sterilized homogenized cream with the organisms and 
incubating one at 30° C. for 24 hr. and two at 30° C. for 48 hr. One of the 48- 
hr. cultures was sterilized in the autoclave at 15 lb. pressure for 30 min. before 
it was used in milk for cheese. The cultures were added to milk at the rate of 
555 g. (1.2 per cent) per 100 lb. of milk. That amount of cream contained 100 
g. of butterfat. The total volatile acidities, fat acidities, scores and comments 
for the cheese made from milk to which these cultures were added are presented 
in table 1. Of the four organisms used, 0. lipolytica gave the largest and most 
consistent increase in fat acidity and total volatile acidity. The flavor scores 
for the lots of cheese made with this culture were not high, possibly due to the 
deficiency of mold growth, but the increase in flavor score over that of the control 
cheese was greatest for the cheese made with this culture. It was the only culture 
criticized for producing excess fatty acids in the cheese, which indicated that 1.2 
per cent of an active 48-hr. culture of this organism was too much to use. The 
sterilized 48-hr. culture did not improve the cheese. 

Based upon the rf*Kults of this experiment, another trial was made in which 
different amounts of a culture of each of the four organisms grown for 48 hr. 
at 30* C. in sterile homogenized milk w^ere added to each of three lots of milk for 
cheese. The amounts of culture added and the results obtained are presented in 
table 2. The improvement of the cheese by the use of a culture of C. lipolytica is 
shown more conclusively by these results. It is the only organism of the four 
used that increased the total volatile acidity and flavor score appreciably. The 
use of this culture, at all percentages tried, gave the highest total volatile acidities 
and flavor scores at 12 wk. of any of the cultures used. The cultures of C. 
lipolytica prepared in homogenized milk appeared to have improved the cheese 
as much as those prepared in homogenized 18 per cent cream. Pat acidity deter- 
minations were discontinued because of the difficulty encountered in extracting 
the fat and because the values did not appear to be as closely related to flavor 
scores as vrere the total volatile acidity values. 

As C. lipolytica was the only organism of the four used in preliminary studies 
that consistently improved the flavor and increased the volatile acidity values of 
blue cheese made from pasteurized homogenized milk, this organism was studied 
further to determine the effect of various strains of the organism upon the ripen- 
ing of the cheese. Cultures of eleven strains of the organism from various 
sources were grown in sterilized homogenized milk for 48 hr. at 30° C., and were 
added to milk for blue cheese at the rate of 0.3 per cent. Second and third trials 
were made with some of the strains which gave good results in the first trials. 



TABLE I 

The eff ect of the addition of varioue mdtvres of four lipolytic organieme to pastevrieed homogenized mills for blue cheese manufacture 


996 


C. B. PARMELEE AND P. E. NELSON 


at 

|i 


; > 


su 

o 


^2 
S^cj 
5 go , 

IPJ 


4S 


t ' 

-r* ' 


C § p 13 M d 

i i? b i ■a -d ^ ..ill 

i f t. i’!?; 


f 

H P^ei - g 

liSIsSisSi t£-§cd-§ 


5 7 

i’§‘® § 


I 

sill Isix 


to o 


o ip O ip 
^ CP ec ci 


O o q q 
i’>r <o i> 


o q q q qqoq 
nI oc 00 IP cd^'oiip 


o q 
ep 


q 

00 


oqqo ipqqq 
oi pi e *3 IP «o «o 


i-iPi04co ipt^ipb- epipcp 


IP o q 

oi ip M 



•s 

00 

00 

00 

0 

IP CO 

© 

PI 

ec 

m 

fO 

00 

A 


to 

q 

to 


00 fO 

cc 

»H 

PI 

CO 

cc 

to 


PI 

pi 


06 

ec 

06 00 

to 

© 

ai 

© 

0 

© 

1 

tH 




PI 

r-t 

PI 

tH 


PI 

tH 

rH 

■*» 

.44 

IP 

cc 

IP 

0 

00 at 

© 

PI 


PI 

© 

© 

i2 


0 

q 


0 

q IP 


q 



PI 

ac 



©i 

1 

'I? 


06 

r ~4 

^ PI 

PI 

PI 

IP 

to 

Ip 

IP 


•i 


0 

q 

© 

0 © 

s 

© 

© 

s 

© 

© 


is 1 

1 V 

q 

q 

q 

q CO 

ec 

q 

© 

© 

©.•ti 

PI 1 

1 ^ 

pi 

cc 

© 

IP IP 

to 

to 

cc 

Ip 

IP 

© 

r-» 1 

1 

1 

1 


iH 

PI 



r-t 




Pi 


s 


o o 
00 


p 


I 


I _ _ 

III §111 


I.- 


o o IP o 
cd ip 00 oi 


Ip t'- I- to IP nl* ^ IP 


IP o q q oq IP q q q q q qqqq; 

rA IP ^ CO a*< IP IP to CO ec IP oa ec 044 to I 


ipoqtp 00 IP IP ipooip 0000 


to b- Lp to I 

I 
I 


IPO o q q ip q q qqqq 

IP iP cc Pi IP 00 IP* ip cd ec 


, « 00 











• Total Tolatile aeidity expressed as ml. 0.1 X acid/200 g. cheese. 

^Pat aeiditj expressed as ml. 0.1 N acid/10 g. fat. 

«Ciiltiire was sterilized after inenbation before addition to milk for cheese. 



TABLE 2 

The effect of the addition of varying amounts of homogenised mVk culture of lipolytic organisms to pasteurized homogenized milk 

for blue cheese manufacture 
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The resuits for all trials are shown in table 3. The various trials with a single 
strain were not grouped in the table because in each case the three lots of cheese 
should be compared with the control lot of cheese for that group. 

In general, the strains of C. lipolytica used gave cheese which had a higher 
total volatile acidity and flavor score at 12 wk. than did the control cheese. 
Strains M. L., 848, 846 and 839 improved the cheese the most, whereas strains 47, 
57, 100 and 438 had little or no effect in improving the cheese. The erratic re- 
sults of the three trials with strain 843 cannot be explained satisfactorily at this 
time. In general, the volatile acidity values correlate with the flavor score values 
quite closely, indicating that the lipol3rtic action of the culture was at least one 
of the most important factors in flavor production. 

DISCUSSION 

The strain vai'iation found in these trials indicates tliat the use of C. lipolytica 
cultures in milk for blue cheese requires careful selection of strains and adjust- 
ment of the amount of culture to use for each strain and for the intensity of 
flavor desired in the cheese. 

The data presented tend to show some correlation of total volatile acidity to 
flavor score but very little correlation of fat acidity to total volatile acidity and 
flavor score. 

The addition of a culture of a proven strain of C. lipolytica to pasteurized 
homogenized milk for blue cheese on a commercial scale would be much easier 
and less expensive than the preparation and use of an enzyme from the organism, 
or the use of a commercially prepared enzyme from the organism. 

SUMMARY AND CONCLUSIONS 

1. The addition of cultures of the lipolytic organisms Alcaligenes lipolyticus, 
Achromohacter lipolyiicum and Pseudomonas fragi to pasteurized homogenized 
milk for blue cheese manufacture did not improve appreciably the flavor of the 
resultant cheese and did not cause any appreciable increase in total volatile 
acidity. 

2. The addition of a culture of Candida lipolytica to milk for cheese making 
improved the flavor score and increased the total volatile acidity of the cheese. 

3. Eleven strains of C. lipolytica from various sources differed markedly in 
their ability to increase the total volatile acidity and to improve the flavor of 
blue cheese made from pasteurized homogenized milk. 

4. The results presented indicate a relationship of the total volatile acidity 
to the flavor score of blue cheese made from pasteurized homogenized milk. 

BEFEHENCES 

(1) Babsl, F. J., and Hammer, B. W. Iowa Agricultural Experiment Station, Report on 

Agricultural Beaeareh for the Year Ending June 30, 1942. p. 166. 1942. 

(2) Brxazbale, D. F., and Bird, E. W. A atudy of Methods for the Determination of Acidity 

in Butterfat. J. Dairy Sci., 21: 335-344. 1938. 



1000 


C. E. PABMELEE AND F. E. NELSON 


(3) Goujns> M. a. The Action of Lipoljtie Bacteria on Some Simple Triglycerides and 

Some Natural Fats. Unpublished Ph.D. thesis. Iowa State College Library. Ames, 
Iowa. 1938. 

(4) Coulter, S. T., and Combs, W. B. The Use of Steapsin in the Manufacture of Blue 

Cheese. J. Dairy Sd., 22: 521-525. 1939. 

(5) Fours, B. L. Some Factors Besponsible for Variations in the Acid Numbers of the Fat 

in Cream and in Commercial Butter. J. Dairy Sci., 23: 245-258. 1940. 

(6) Fours, £. L. Effect of Lactic Acid on the Hydrolysis of Fat in Cream by Pure Cultures 

of Lipolytic Microorganisms. J. Dairy Sci., 23: 303-306. 1940. 

(7) Fours, E. L. Belation of Volatile Acidity of Butterfat to Bancidity. J. Dairy Sei., 23: 

307-314. 1940. 

(8) Goss, E. F., Nielson, V., and Mobtensen, M. Iowa Blue Cheese. Iowa Agr. Ezpt. 

Sta. Bull. 324. 1935. 

(9) Hussong, B. V., Long, H. F., and Hammer, B. VT. Classification of the Organisms Im- 

portant in Dairy Products. IT. Pseudomonas fragi, Iowa Agr. Expt. Sta. Besearch 
Bull. 225. 1937. 

(10) Irvine, 0. B. Canadian <<Blue” Cheese. Can. Dairy Ice Cream J., 7: 19-22. 1938. 

(11) Lane, C. B., and Hammer, B. W. Some Factors Affecting the Bipening of Blue (Boque- 

fort-type) Cheese. Iowa Agr. Ezpt. Sta. Besearch Bull. 237. 1938. 

(12) Lane, C. B., and Hammer, B. W. Iowa Agricultural Experiment Station. Beport on 

Agricultural Besearch for the Year Ending June 30, 1941. Part 1. Pp. 147-148. 
1941. 

(13) Ontario, Canada, Department of Agriculture. Sixty-second Annual Beport of the 

Ontario Agricultural College and Experimental Farm. 1936: 57. 1937. 

(14) Peters, 1. 1., and Nelson, F. E. The Influence of Uycotorula Upolytica upon the Bipen- 

ing of Blue Cheese Made from Pasteurized Homogenized Milk. J. Dairy Sci., 31: 
611-618. 1948. 



THE USE OP A MOLD-ENZYME PREPARATION IN THE MANUFAC- 
TURE OP BLUE CHEESE PROM PASTEURIZED 
HOMOGENIZED MILK* 

C. E. PABMELEE and F. E. NELSON 
Dairy Indwtry Section, Iowa Agricultural Experiment Station, Ames 

The production of enzymes by molds and the changes produced by these en- 
zymes in dairy products have been recognized for some time. As early as 1910, 
Dox (2) reported that Laxa had noted that butter inoculated with PenicilUum 
glaucum developed considerable acidity. Currie (1) concluded that during the 
ripening of Roquefort cheese, considerable fat was hydrolyzed by the water- 
soluble lipase produced by PenicilUum roqueforti, and the characteristic peppery 
flavor and burning effect of the cheese on the tongue and palate were considered 
due to the caproic, caprylic and capric acids and their readily hydrolyzable salts 
which had accumulated. He noted that P. roqueforti will grow in Czapek^s 
medium when sucrose is replaced by pure butterfat, tributyrin, ethyl butyrate, 
glycerin, butyric acid, or ammonium butyrate as the source of carbon. Thus, 
the mold not only has the power to hydrolyze fats but is able to utilize their com- 
ponents, also. 

In cheese, it is believed that the enz3rme diffuses beyond the growth zone of the 
mold and hence free fatty acids accumulate. Kirsh (4) reported that the water- 
soluble lipase of PenicilUum oxalicum is highly non-specific, as it brings about 
almost the same amount of hydrolysis of esters, triglycerides of low molecular 
weight and a variety of emulsified oils. Pouts (3) observed that growth of P. 
roqueforti in sterilized cream appreciably increased the acidity of the fat. 

Naylor, Smith and Collins (5) obtained maximum esterase production by P. 
roqueforti on Czapek^s medium in which the sodium nitrate was replaced by 0.1 
*V ammonium chloride and to which 0.50 ml. of ethyl butyrate was added per 
1,000 ml., the reaction being adjusted to pH 4.5. 

Thibodeau and Macy (7) found that P. roqueforti does not grow readily in 
a medium with an oxidation-reduction potential of over 400 millivolts. The addi- 
tion of 0.1 per cent agar to Czapek’s solution reduced the oxidation-reduction 
potential below 400 millivolts; addition of peptone or milk further reduced it. 
Presence of sugar in a medium tended to reduce lipase production by P. roque- 
forti. Maximum lipase was produced in Czapek's medium without sugar, but 
with 3.0 g. peptone and 3.0 g. butterfat per liter. The optimum activity of this 
lipase was over the pH range from 5,3 to 7.5, when the substrate was a 3.0 per cent 
butter oil emulsion in the presence of an acetate buffer. The production of lipase 
varied widely from strain to strain and seemed to be at a maximum as soon as 
the cultures had attained the stage of full sporulation. Sodium chloride in con- 
centrations existing in blue cheese did not retard the action of either the lipase 
or the protease of the mold. These investigators found that the enzymes of P. 

Beeeived for pabUeation July 32, 19i9. 

3L Journal paper no. J1671 of the Iowa Agrioultural Experiment Station. Project 895. 
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roqueforti, added to blue cheese in the form of mycelium, produced cheese of fine 
quality which was ready for market in 5 mo. as compared to 10 mo. for the control 
cheese^ unhomogenized milk being used for manufacture of the cheese. 

METHODS 

The methods for the manufacture of the cheese, the determination of fat acid- 
ity, the determination of total volatile acidity and the scoring of the cheese are 
given in a previous paper (6). 

The medium used for making the mold-enzyme preparation contained sodium 
nitrate, 2 g. ; monopotassium phosphate, 1 g. ; potassium chloride, 0.5 g. ; mag- 
nesium sulfate, 0.5 g. ; ferrous sulfate, 0.01 g. ; peptone, 3 g. ; butterf at, 3 g. ; 
agar, 5 g. ; and water, 1,000 ml. Due to difficulty in sterilization, the butterfat 
was sterilized separately and added to the semi-solid medium at the time of inocu- 
lation. For sterilization, the medium was dispensed in 1-qt. bottles which were 
only half filled so the butterfat could be emulsified by shaking. 

The mold-enzyme preparation was made by inoculating this medium with 
mold spores, emulsifying the melted butterfat into the medium and placing it in 
previously sterilized 2,800-ml. Pernbach flasks to a depth not to exceed 1 in. 
The mold was allowed to grow for 7 days at room temperature (70-75® F.^ with 
shaking at 2-day intervals to break up the surface felt. 

RESULTS 

The mold-ensyme preparation made with four different mold strains was 
added to four lots of pasteurized homogenized milk at the rate of 0.55 per cent 
and the milk was made into blue cheese at once. The total volatile acidities, fat 
acidities, scores and defect comments for these lots of cheese are presented in 
table 1. 

The total volatile acidities and fat acidities were high for the cheese 4 wk. old. 
The fat hydrolysis in lots 48 and 51 was excessive at 4 wk., as indicated by the de- 
fect comments. At 12 wk. all four lots of cheese had considerable peppery flavor 
but were too rancid to score for flavor and defect, indicating that too much of the 
preparation had been used. This is substantiated by the exceedingly high total 
volatile acidities and fat acidities at 12 wk. Mold strains 4 and 17 appeared 
to cause more fat hydrolysis than the other strains used. 

The preceding trial indicated the possibility for use of the special mold- 
enzyme preparation if the right mold strain were selected, and if the proper 
concentration of mold-enzyme preparation were used in the cheese. Mold-enz 3 rme 
preparations were made with each of five strains of mold and each preparation was 
added to three vats of milk at the rates of 0.05, 0.10 and 0.25 per cent. Repeat 
trials were made with two of the mold strains used. The total volatile acidities, 
scores and defect comments for all the trials are given in table 2. 

All lots of’ cheese made with added mold-enayme preparation higbmr 
flavor and defect scores at 12 wk. than did corresponding control lots of cheese 
made without added mold-enzyme preparation. Two of the seven lots of cheese 
made with the 0.25 per cent concentration of added mold-enzyme prepasration 
were criticized for being excessively sharp. Strains 4, 12 and 6 appeared to effect 
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TABLE 2 

The effect of the addition of varying amounts of mold-enstyme preparation of five strains of mold to pasteurised milk. 
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the most improvement in flavor of the cheese, while strains 13 and Me effected the 
least improvement of the flavor. Strain 6 consistently gave the greatest increase 
in total volatile acidity of any of those used. It also gave the best flavor, par- 
ticularly when the total volatile acidity was in the range of 30 to 60 ml. of O.liV” 
acid per 200 g. cheese. 

Reduction of mold scores was observed in many instances when higher levels 
of mold-enzyme preparation were used, probably because of the known inhibitory 
effect of free fatty acids upon the development of microorganisms. 

DISCUSSION 

The use of a mold-enzyme preparation is a method for improving the flavor 
of blue cheese made from pasteurized homogenized milk. The preparation of 
the mold-enzyme material and the control necessary for its successful use would 
be somewhat more involved than the use of an enzyme or a culture in the milk 
for blue cheese manufacture on a commercial scale. The optimum amount of 
preparation to use appears to be about 0.25 per cent, which would be 25 lb. per 
10,000 lb. vat of cheese. The preparation and incubation of that much material 
over a 7-day period would involve considerable labor, space and equipment. The 
mold-enzyme preparation also would serve as the source of mold inoculation of 
the cheese and, thus, would eliminate the cost of that item. 

The reduction of mold growth frequently observed when the effective quanti- 
ties of the mold-enzyme preparation were used would be undesirable commercially 
because of the desire of the consumer to purchase a cheese showing good mold 
growth. Xo suitable way to overcome this shortcoming has been found. 

To be used effectively, the strain of mold would need to be chosen carefully 
and the amount of preparation to add to the milk would need to be determined 
for each mold strain under the particular manufacturing and marketing condi- 
tions of the individual manufacturing plant. 

SUMMARY AND CONCLUSIONS 

1. The proper addition of a mold-enzyme preparation to pasteurized homo- 
genized milk increased the total volatile acidity and fat acidity and improved the 
flavor of blue cheese made from that milk. 

2. The use of 0.55 per cent of the preparation in milk caused excessive fat 
hydrolysis in the cheese in all trials at 12 wk. The optimum amount to use 
appeared to be about 0.25 per cent for the conditions of these trials. 

3. The strains of mold used varied greatly in the amount of hydrolysis which 
their respective mold-enzyme preparations would cause in cheese. 

4. The effective use of this preparation in the improvement of blue cheese 
made from pasteurized homogenized milk will depend upon careful selection of 
mold strains to be used and proper adjustment of the amount of preparation to be 
used in the milk. 
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THE BELATION OP CHEMICAL ANALYSES TO THE FLAVOR 
SCORES OP BLUE CHEESE MADE PROM PASTEURIZED 
HOMOGENIZED MILK* 

' C. B. PABMBLBB and F. E. NELSON 

Dairy Industry Section, Iowa Agricultural Experiment Station, Ames 

The work of Currie (3) has indicated that the characteristic peppery flavor 
of blue cheese and the burning effect on the tongue and palate are due to the 
caproic, caprylic and capric acids and their readily hydrolyzable salts. These 
accumulate in the cheese as the result of fat hydrolysis by the enzymes of the 
mold Penicillium roquefortL Hammer and Bryant (5) succeeded in isolating 
methyl-n-amyl ketone from milk to which n-caprylie acid and mold spores had 
been added; they believed this e(*m pound was responsible for part of the charac- 
teristic flavor of blue cheese. Stokoe (14) and Davies (4) have explained the 
formation of methyl ketones by molds as the second step in an abnormal oxida- 
tion of fatty acids. Caprylic acid is the only fatty acid which would yield 
methyl -n -amyl ketone by this oxidation. 

Lane and Hammer (9) found that blue cheese made from pasteurized ho- 
mogenized milk showed more rapid development of volatile acidity, higher acid 
values on the fat and more typical flavor than cheese made from raw milk not 
homogenized ; however, it did not ripen as fast as cheese made from raw homogen- 
ized milk. In cheese made from raw milk, the volatile acidity increased with in- 
crease in the time of ripening and older cheese contained a greater percentage of 
acids such as caproic, caprylic and capric. The acid values obtained on the cheese 
fat also increased with extended ripening. These investigators concluded that 
there was a general relationship between volatile acidities, fat acidities and flavor 
scores. They also found that the amount of soluble nitrogen in the serum from 
cheese increased with the age of the cheese but w’as not related to flavor. The 
amino nitrogen values and the nitrogen fractions soluble in trichloroacetic acid, 
ethyl alcohol, and phosphotungstic acid followed about the same pattern as the 
soluble nitrogen. 

METHODS 

The cheese was made and scored by the metliods given in a previous paper 
(10). Volatile acidity of the cheese was determined by the method of Lane and 
Hammer (9). Fat acidity was determined by the method of Breazeale and Bird 
(2), after the fat was obtained and purified by the metliod of Lane and Hammer 
(9). 

In making analyses for protein degradation, the cheese was made into a uni- 
form suspension by a modification of the method of Knudsen and Sjzirensen (7). 
The cheese suspension was made by emulsifying 25 g. of cheese in 400 ml. of 
boiling 2.0 per cent sodium citrate solution by agitation in an Eskimo Wliiz-mix 
(model 515JB) for 5 min. at high speed. The mixture was kept alkaline to 

Beeeiyed for publioation July 22, 1949. 
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brom thymol blue by adding alkali when necessary. This suspension was trans* 
ferred quantitatively to a 500 ml. volumetric flask, cooled to 20*^ C. and made 
to volume with distilled water. Preliminary studies of this method of preparing 
the suspension, using completely dispersible peptone added to milk, indicated the 
citrate did not influence the nitrogen partition. 

The nitrogen fractions soluble and insoluble in phosphotungstic acid were 
determined by the method of Lane and Hammer (8), with slight modification. 
Ten ml. of the cheese suspension (equivalent to 0.5 g. of cheese) was treated with 
a solution containing 50 ml. water, 15 ml. 25 per cent aqueous sulfuric acid and 
5 ml. 20 per cent aqueous phosphotungstic acid for 16 to 18 hr. at room tempera- 
ture. After filtration through a Whatman no. 12, 12.5 cm. fiuted filter paper, the 
precipitate was washed three times with a solution of the same concentration as 
that used in the precipitation, and the total nitrogen was determined in the filtrate 
and in the precipitate by the Kjeldahl-Gunning-Arnold method of the Association 
of Official Agricultural Chemists (1). Copper sulfate was used as the catalyst 
and the mixed methyl red-methylene blue indicator of Johnson and Green (6) 
was used in the titration. 

The nitrogen fractions soluble and insoluble in trichloroacetic acid were deter- 
mined by a modification of the method of Lane and Hammer (8) in which cheese 
suspension equivalent to 0.5 g. of cheese was treated with a solution of 45 ml. 
water, and 5 ml. 20 per cent aqueous trichloroacetic acid for 16 to 18 hr. at room 
temperature. Further operations were the same as for the phosphotungstic acid 
procedure. 

The amino nitrogen values for the cheese were determined by placing an 
amount of the cheese suspension equivalent to 1.0 g. of cheese in a 25 ml. volu- 
metric fiask, adding seven drops of glacial acetic acid to precipitate the casein, 
making to volume, filtering and making a Van Slyke amino nitrogen determina- 
tion (15) on the filtrate. The values are expressed as milligrams of amino nitro- 
gen per gram of cheese. 

The statistical analyses of the data consisted of the calculation according to 
Snedecor (13) of the equation for the line of linear regression by the method of 
least squares and of the correlation coefficient (r), and also estimation of the sig- 
nificance of the correlation coefficient from table 7.3 of Snedecor (13). 

RESULTS 

The relation of fat degradation to fla/uor score. To learn more of the part 
which the fatty acids of lower molecular weight contribute to the flavor of the 
cheese, two series of trials were made in which varying amounts of some of the > 
fatty acids were added to lots of pasteurized homogenized milk which then were 
made into cheese. In all cases, the fatty acids were added to a 100 g. quantity 
of melted butterfat, which then was homogenized into 1 qt. of milk and added to 
the cheese milk before setting with rennet. The same amount of butterfat alone 
homogenized into milk was added to the control lots. The kinds and amounts of 
acids added to each lot of cheese, as well as the scores and analyses of each lot of 
cheese, are presented in table 1. 
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TABLE 1 

The effect of the addition of low molecular weight fatty acids on the score, volatile 
acidity and fat acidity of pasteurised milk blue cheese 


Lot 

Acid added to 100 g. butterfat* 


Volatile acidityb 

Fat acidityc 

no. 

Butyric 

Cai>roic Caprylic 

Capric 

Laurie 

4 wk. 

12 wk. 

4 wk. 

12 wk. 


(p.) 

(tf.) 

(P-) 

(tf.) 

(8-) 





29 






8.00 

18.40 

4.26 

20.00 

80 



2.0 



7.45 

15.50 

4.18 

8.45 

31 



10.0 



15.30 

18.90 

5.25 

14.72 

52 






7.00 

13.90 

2.65 

37.30 

53 


0.4 

0.2 

0.4 


7.32 

12.70 

4.00 

29.18 

54 


0.4 

0.2 

0.4 

0.8 

6.40 

20.60 

3.17 

29.98 

55 

0.6 

0.4 

0.2 

0.4 

0.8 

6.00 

14.20 

2.74 

18.27 


Score 

Mold Flavor Defect 



4 wk. 

12 wk. 

4 wk. 

12 wk. 

4 wk. 

12 wk. 

29 

6.0 

4.5 

3.0 

4.0 

3.0 

6.5 

30 

5.0 

5.5 

6.0 

6.0 

7.0 

7.0 

31 

4.0 

3.5 

6.0 

4.5 

5.0 

4.0 

52 

6.5 

5.0 

4.5 

3.5 

5.0 

2.5 

53 

5.0 

6.0 

3.5 

5.0 

4.0 

3.5 

54 

4.5 

7.5 

4.5 

7.0 

6.5 

5.5 

55 

4.5 

7.0 

6.0 

6.0 

8.0 

4.5 


Defect comments for 
cheese 12 wk. old 


Flat, yeasty, nutty 

Flat, nutty 

Musty, caprylic acid 

Nutty, unnatural 

81. nutty, unnatural 

SI. nutty, unnatural 

81. nutty, unnatural, unclean 


•The 100 g. moJti^d btitterfat were homogenised into 1 qt. of milk and added to the 1L5 Ib. 
of milk for cheese making. 

» Volatile acidity expressed as ml. 0.1 K acid/200 g. cheese, 
e Fat acidity as ml. 0.1 N acid/10 g. fat. 


The cheese with added fattj’ acids showed definite improvement in flavor score 
over the control cheese ; however, none was typical of good blue cheese, lacking 
the smoothness and fullness of flavor desired. The fat acidities and total volatile 
acidities increased considerably from the fourth to the twelfth week. The mold 
scores at 4 wk. were lowest in the cheese with the largest amounts of added fatty 
acids, although at 12 wk. there was a tendency for this relationship to be reversed. 
The fatty acids may be toxic to the mold until the mold is established and has 
started to utilize the acids in its growth. In the case of lot 31, so much caprylic 
acid was added that it probably was toxic during the entire 12 wk. 

To determine whether a relationship betw’een flavor score and fat acidity could 
be established with cheese made from pasteurized, homogenized milk, the fat 
acidities and flavor scores at 12 wk, for lots 29 to 31 and 52 to 55, as shown in 
table 1 of this paper, and lots 32 to 47 in table 1 of a previous paper (10) were 
analyzed statistically. The regression equation, degrees of freedom, correlation 
coefficient and significance of tlie correlation coefficient are shown in table 2. The 
data reveal no significant correlation between the fat acidities and the flavor 
scores of these lots of blue cheese. 

The relationship of volatile acidity to flavor score for the lots of cheese to 
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TABLE 2 

Statistical analysis of the relationship at IJS weehs of flavor scores of blue cheese to chemical 
analyses which indicate decomposition of fats and proteins 


Analysis 


Regression equation 

d.f.* 

rf 

Significance 
of r 

Fat acidity 


f = 1.05 1 + 11.15 

21 

0.180 

N.S.S 

Volatile acidity* 


f = 4.61x+ 3.01 

60 

0.688 

»«b 

Volatile acidity** 


i = 6.83x- 6.33 

29 

0.507 

•• 

Amino nitrogen 


t = .399x+ 2.73 

29 

0.518 

ft* 

Trichloroacetic N^ 


Y = .139x+ 3.34 

29 

0.358 

*i 

Phosphotungstic Nd 


t = .144x+ 1.76 

29 

0.478 

•« 


» Candida lipolytica added. 

■’Mold enzyme preparation added, 
e Nitrogen fraction soluble in trichloroacetic acid. 

Nitrogen fraction soluble in phosphotungstic acid. 

• Degrees of freedom. 
f Correlation coefficient. 
s Not significant, 
h **Significant at the 1% level. 

> ^Significant at the 6% level. 

whkh Candida lipolytica cultures were added (10) is shown in table 2. This 
relationship for these lots of cheese is highly significant on the basis of the cor- 
relation coefficient. The relationship of volatile acidity to flavor score for the 
lots of cheese to which a mold-enzyme preparation was added (11) is shown in 
table 2. The relationship is approximately the same as that for the cheese to 
which Candida lipolytica cultures were added. 

The relation of protein degradation to flavor score. Amino nitrogen values 
and nitrogen fractions soluble and insoluble in phosphotungstic acid and in tri- 
chloroacetic acid were determined at 12 wk. for the cheese of lots 29 to 31 and 52 
to 55 shown in table 1 of this paper and lots 32 to 47 and 56 to 63 shown in tables 
1 and 2, respectively, of a previous^ paper (10). The relationship of amino nitro- 
gen values, nitrogen fractions soluble in trichloroacetic acid and in phosphotung- 
stic acid to flavor scores are shown in table 2. A highly significant correlation 
between the amino nitrogen values and the flavor score^j of the cheese is indicated. 
The correlation between nitrogen fraction soluble in trichloroacetic acid and 
flavor score was significant at the 5 per cent level of probability. The correlation 
between nitrogen fraction soluble in phosphotungstic acid and flavor score is 
highly significant at the 1 per cent level of probability. 

DISCUSSION 

The tiata presented indicate no correlation of fat acidity to flavor score among 
the lots of cheese upon which fat acidities were determined. As the samples of 
fat were obtained with great difficulty, they possibly were not representative of 
all the fat in the cheese. The results in table 2 show a highly significant corre- 
lation of volatile acidity and flavor score for the lots of cheese made from pas- 
teurized homogenized milk to which C. lipolytica cultures or mold enzyme prep* 
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arations had been added. In general, the cheese with highest flavor scores had 
volatile acidity values in the range of 30 to 55 ml. of 0.1 N acid per 200 g. of 
cheese. This range agrees well with that published by Peters and Nelson (12) . 

The data on protein degradation, although obtained on only a limited number 
of samples of cheese, indicate that protein degradation by the criteria employed 
is correlated with flavor development in blue cheese made from pasteurized, 
homogenized milk. This is contrary to the flndings of Lane and Hammer (9) for 
cheese made from raw, homogenized milk. Possibly this is an associative rather 
than a direct relationship, since the flavor and aroma constituents which have 
been identifled or suggested all have been derived from fat rather than from pro- 
tein. The role which protein degradation plays in determining the desirable 
body characteristics of the cheese is considerable and contributes much to the 
consumer acceptance of the cheese. Protein degradation products undoubtedly 
combine with some of the fat degradation products or reduce the flavor intensity 
in other ways, with the result that some of the rawness of fat degradation prod- 
ucts becomes integrated into a well balanced flavor, acceptable to the consumer. 
The present studies do not eliminate the pos.sibility that cheese showing results 
of considerable proteolytic action but deficient in flavor could be produced under 
other experimental conditions. 

The work with the addition of free fatty acids, while limited in scope, indi- 
cates definitely that these acids do contribute to the flavor of blue cheese. Their 
presence in excessive amounts, particularly when mold growth is restricted by 
their presence, results in cheese which has an undesirable rawness of flavor, pre- 
sumably due to a disturbed balance in the mechanism of flavor production. The 
exact ratios of the various acids and tlie absolute amounts which should be used 
for optimum flavor production werfi not determined, since this portion of the 
study was designed only to obtain some direct evidence on the role of lower fatty 
acids in flavor development before study of microbial means of obtaining in- 
creased fat degradation in blue cheese was initiated. Pndcr present rulings of 
regulatory officials, addition of the free fatty acids would not be permitted, even 
if the details of the procedure were to be worked out in such a way as to give a 
highly desirable type of flavor fortification to the cheese. Reliance on any such 
fortification also might prove extremely undesirable because flavor development 
might then precede proper body development, resulting in a product of reduced 
consumer acceptance. 


summary and conclusions 

1. The addition of low molecular weight fatty acids to pasteurized homogen- 
ized milk improved the flavor of blue cheese made from that milk. Such cheese 
lacked the fullness of flavor desired in typical blue cheese. 

2. No correlation was found between fat acidities and flavor scores of blue 
cheese made from pasteurized homogenized milk. 

3. A highly significant correlation was found between volatile acidity and 
flavor score of blue cheese made from pasteurized homogenized milk to which 
lipases or organisms producing lipases had been added. In general, the cheese 
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with the highest flavor scores had volatile acidities in the range of 30 to 55 ml. of 
0.1 N acid per 200 g. of cheese. 

4. The amino nitrogen values were correlated at a highly significant level with 
the flavor scores of blue cheese made from pasteurized homogenized milk. 

5. Nitrogen fractions soluble in trichloroacetic acid and nitrogen fractions 
soluble in phosphotungstic acid were correlated significantly and highly sig- 
nificantly, respectively, to the flavor scores of blue cheese made from pasteurized 
homogenized milk. 
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VITAL STUDIES ON BULL SEMEN USING TRIPHENYLTBTRAZOLIUM 

CHLORIDE' 

JOHN P. MIXNEB 

New Jersey Agricultural Experiment Station, Sussex 

Triphenyltetrazolium chloride (TTC) is colorless in solution but forms an 
insoluble red compound, triphenyl formazen, upon reduction (3). This property 
of TTC has lent itself to various physiological studies with living tissues involving 
reducing enzymes. This chemical has been used as a test reagent for seed germi- 
nation studies (3), to demonstrate reducing enzyme systems in neoplasms and 
other living mammalian tissues (5), as a vital dye for stem tissues of plants (6) 
and for a wide variety of living tissues including bull sperm and the serum of 
bull sperm (3). The latter observation prompted these studies on the possible 
application of TTC in vital studies with bull semen and spermatozoa. Of par- 
ticular importance would be its use as a stain to differentiate live and dead sperm 
(2) and as an indicator of sperm viability, much as the methylene blue reduc- 
tion test is used (1). 

MATERIALS AND METHODS 

The semen used in these studies was collected with an artificial vagina from 
dairy bulls in the stud at the Dairj- Eesearch Farm, New Jersey Agricultural 
Experiment Station, Sussex. The semen diluter (4) used in toxicity trials was 
composed of equal part by volume of egg yolk and a 3.6 per cent solution of 
sodium citrate dihydrate, with sulfanilamide added at the rate of 3 mg. per ml. 
of complete diluter. 

The duration of motility of spermatozoa incubated at 46.5° C. in a water bath 
was used as the measure of toxicity of the TTC. This duration of motility was 
expressed as a percentage of that of a control semen dilution containing no TTC. 

To obtain sperm-free seminal plasma, the semen was centrifuged to throw 
down most of the spermatozoa and then the decanted plasma was filtered with a 
micro-Boerner centrifuge filter. This gives a seminal plasma that is absolutely 
free of sperm. 

The amount of red color developed in any given trial with TTC was rated 
on a scale from 5 to 0, 5 being the highest and 0, no color. The best color de- 
velopment was an extremely brilliant red which started to develop within 5 min. 
after the addition of the TTC. 

RESULTS AND DISCUSSION 

To determine the toxicity of TTC, three separate semen samples were diluted 
with the egg yolk citrate-sulfonamide diluter at the rate of one part of semen to 
nine parts of diluter. TTC was added to 1 ml. portions of these diluted semen 
samples according to the schedule shown in table 1. The data for the three sam- 

Beeeived for publiestion August 1, 1949. 
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TABLE 1 


Towidty of triphenylteiraeoUum chloride 


Dosage TTC/ml. 

At. duration of motility 
as % of controls 

At. color rating 

(Wff.) 



0 (Control) 

100 

0 

0.001 

94.1 

0 

0.01 

86.8 

0 

0.1 

75.0 

1 

1.0 

33.8 

2 

5.0 

8.8 

3 

10.0 

2.8 

2 

20.0 

<2.0 

1 


pies were averaged and the results are presented in the table. These data show 
that TTC is extremely toxic to bull spermatozoa. At the level of 5 mg. TTC 
per ml. the duration of motility of spermatozoa was 8.8 per cent of that of the 
controls. However, the red color development was greatest at this level. In 
subsequent experiments the level of 5 mg. of TTC per ml. of semen or diluter 
was used in rating color development or reduction of TTC. 

That the reduction of TTC is proportional to the concentration of semen in the 
diluter is shown by the data in table 2. Several dilutions of a semen sample 


TABLE 2 

Concentration of semen in relation to reduction of TTC 


Semen dilution 

Dosage TTC 

Color rating 

1 ml. semen 

(mg, /ml) 

0 

0 

1 ml. semen 

5 

5 

1 ml. 1 : 4 dilution of semen 

5 

4 

lml.l:9 “ << 

5 

3 

lml.l;99 

5 

0 

1ml. 1:999 ** 

5 

0 


were reacted with TTC and color reactions were rated at the end of 1 hr. incuba- 
tion at 46.6® C. 

Semen smears for microscopic examination were made from the tube with the 
highest color reaction; the spermatozoa were unstained or, at best, had an ex- 
tremely light red stain. 

The question arises as to whether the live spermatozoa, dead spermatozoa or 
seminal plasma may be responsible for the reduction of the TTC. In this connec- 
tion several types of semen preparations have been reacted with TTC for 3 hr. 
at 46.5® C. at the rate of 5 mg. of TTC per ml. The data are presented in table 
3. These trials seem to indicate that the reduction of TTC can not be caused 
by seminal plasma alone but rather by either live or recently killed spermatozoa. 
However, live spermatozoa gave a much more intense color reaction than did re- 
cently killed spermatozoa. 

The high toxicity of TTC in semen, together with its extremely poor capacity 
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TABLE S 


Color reactions of various semen preparations 


Sample 

no. 

Description of sample 

Color rating 

1 

1 ml. fresh semen 

5 

2 

1 ml. plasma from fresh semen 

0 

3 

1 ml. fresh semen — ^heat (46.5® C.) and cold (0® C.) 



shocked repeatedly to kill spermatozoa 

2 

4 

1 ml. plasma from no. 3 

0 

5 

1 ml. semen + 0.2 ml. toluene, incubated for 



3 hr. to kill spermatozoa 

2 

6 

1 ml. plasma from no. 5 

0 

7 

1 ml. fresh semen heated to 82® C. for 20 min. 

0 


for staining spermatozoa, seem to preclude its use either as a vital stain for sper- 
matozoa or as a general indicator of spermatozoa vitality. 

SUMMARY 

Triphenyltetrazolium chloride is readily reduced to triphenylformazen, an 
insoluble red compound, by fresh dairy bull semen. Semen in which the sperma- 
tozoa have been killed by heat- and cold-shocking or by treatment with toluene 
also lias the ability to reduce the compound, but to a lesser degree. The heating 
of semen to 82® C. for 20 rain, destroyed its reducing ability. Seminal plasma 
exhibited no ability to reduce the tetrazolium. 

As judged by the effects of tetrazolium on the length of time which sperma- 
tozoa will maintain motility when incubated at 46.5® C., tetrazolium is very toxic. 
This together with it? inability to stain spermatozoa adequately in its reduced 
state, precludes its use as a vital stain for spermatozoa or in measuring sperma- 
tozoa viability. 
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THE INFLUENCE OF PASTURE AND EARLY RUMEN DEVELOPMENT 
ON THE CHANGES IN THE PLASMA CAROTENOIDS, VITAMIN A 
AND ASCORBIC ACID AND THE LIVER STORAGE OP 
CAROTENOIDS AND VITAMIN A OP 
YOUNG DAIRY CALVES 

J. W. HIBBS AND W. D. POUNDEN 

Department of Dairy Indmtry, Ohio Agrieultural Experiment Station, Wooster 

The favorable results obtained from feeding relatively large amounts of 
good quality hay, coupled v^ith rumen inoculations, as a means of initiating 
early rumen function and meeting some of the vitamin needs of young calves, 
suggested the feasibility of utilizing pasture, when available, in young calf 
feeding. 

In an earlier communication (2), the changes in the blood plasma carotenoids, 
vitamin A and ascorbic acid during the first 6 wk. in calves fed milk and alfalfa 
hay with and without grain concentrates and with and without rumen inocu- 
lations with cud material from older cattle were presented. Calves fed on a 
ration consisting of whole milk and alfalfa hay had a much higher blood 
plasma carotenoid level than calves fed the same ration plus grain concentrates 
free choice. Little, if any, difference in plasma vitamin A was shown between 
the two groups. No effect from rumen inoculations could be detected in either 
the plasma carotenoids or vitamin A. However, a higher, more uniform level 
of ascorbic acid was maintained in inoculated calves fed only milk and alfalfa hay 
than in the uninoculated calves fed the same ration. 

In accompanying reports (5, 6), the influence of the ration, including vari- 
ous proportions of grain concentrates to roughage ingestion, on the establishment 
of certain rumen microorganisms was shown. 

This report presents the results obtained from feeding young calves on 
pasture with variations in supplemental hay and grain feeding and rumen in- 
oculations. The changes in the blood plasma carotenoids, vitamin A and as- 
corbic acid, liver storage of carotenoids and vitamin A and the gain in body 
weight are included. The influence of pasture and rumen inoculations on the 
establishment of certain rumen microorganisms in the same calves is pre- 
sented in an accompanying paper (7). 

EXPERIMENTAL 

Plasma carotenoids and vitamin A were determined by the procedure of 
Kimble (3), plasma ascorbic acid according to Mindlin and Butler (4) and 
liver carotenoids and vitamin A by an adaptation of the method of Guilbert 
and Hart (1). 

Experiment with young calves. Fifteen calves of both the Jersey and Hol- 
stein breeds were assigned at birth to one of five groups. The calves in groups 
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I and III were inoculated on the fifth, tenth, fifteenth and twenty-first days of 
age with cud material from older cattle (5) which were eating pasture. The 
calves in groups II, IV and V were not inoculated. 

All the calves were allowed to nurse their dams for the first 3 days and 
then were fed whole milk at the rate of 0.9 lb. per 10 lb. of body weight, based 
on the birth weight. Beginning on the fourth day of age, the calves in the 
first four groups were tethered out during the day on a lawn type (bluegrass, 
white clover) pasture. The stakes were moved periodically so as to provide 
fresh grazing. Some variation in the quality of the pasture resulted from 
weather conditions, but for the most part, it was of good quality. The in- 
oculated calves were kept separate from the uninoculated calves, both while 
on the pasture and when in the barn at night. One calf in each of the first 
four groups also was offered clover-timothy hay (second cutting) free choice 
while in the barn at night. 

The three calves in group V were not given access to pasture. They were 
given clover-timothy hay (second-cutting) and a 14 per cent simple grain 
mixture free choice, beginning at 14 days. Groups I and II were not fed any 
grain supplement in addition to pasture and milk, while groups III and IV 
were given the 14 per cent simple grain mixture free choice, throughout the 
experiment. The experiment was terminated at the end of the sixth week. 

Data showing the feed consumption and body weight gains are presented 
in table 1. The calves in all groups were bled as nearly as possible on the 
fourth and seventh days and weekly thereafter through the sixth week, and 
the samples were analyzed for carotenoids, vitamin A and ascorbic acid. Ten of 
the calves were slaughtered at 6 wk. of age and the livers were analyzed for 
carotenoids and vitamin A. The results of the blood and liver analyses for 
carotenoids are shown in table 2, those for vitamin A in table 3, and those for 
ascorbic acid in table 4. 

Experiment with older calves. Blood plasma carotenoids, vitamin A and 
ascorbic acid analyses also were made periodically on five of the six older calves 
which are mentioned in the accompanying paper (7), after they were turned 
out to pasture. The five calves ranged in age from 62 to 96 days of age 
(average 71 days) on June 7, 1948, when they were put on a permanent blue- 
grass, white clover pasture. 

Three of the calves had had their rumens inoculated artificially during the 
first 3 wk. after birth and two of them had not been inoculated. One of the latter 
two had picked up a partial inoculation in a natural manner. One of the 
three inoculated calves was given a fresh inoculation from a cow on pasture 
just before the calf was put on pasture. The changes in plasma carotenoids, 
vitamin A and ascorbic acid during the 5 wk. following the change from dry 
feeds to pasture are shown in table 5. 

RESULTS AND DISCUSSION 

Experiment with young calves. As shown in table 1, the calves that were 
offered hay ate a small amount in addition to the pasture. Most of the calves 
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Feed eonsumT^tion and body weight gains during the first 6 weeks of calves started on pasture 
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• Diarrhea when bled. 

*»Fed supplemental hay in the barn at night (Clover-timothy, second cutting). 
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TABLE 4 

Changes in the blood plasma ascorbic acid during the first 6 weeks in calves started on pasture 
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TABLE 5 

Changes in the blood plasma earoienoidst vitamin A, and asoorbio add of calves 
given access to pasture at approximately 10 toeehs of age 


Calf 

XLO. 

Before 

pasture^ 

Days after aeeess to pasturei* 

14 23 30 38 52 

Bemarks 

(Before pasture) 



Plasma carotenoids (y/100 ml.) 


16J S 

42.8 

368 

416 c 

437 

316 

280 

Inoculated 

17J $ 

83.0 

384 

292 c 

399 

398 

305 

Inoculated 

18H 

38.8 

264 

292 

312 

276 

190 

Inoculated 

19H $ 

11.4 

366 

181 

232 

255 

221 Partial natural inoculation 

20H $ 

37.2 

384 

463 

418 

307 

206 

Not inoculated 

Av. 

42.6 

353 

329 

360 

310 

240 





Plasma vitamin A (y/ 100 ml.) 


16J $ 

7.5 

12.0 

13.5c 

12.2 

15.0 

20.8 

Inoculated 

17J $ 

8.2 

21.1 

21.6c 

11.9 

24.8 

24.4 

Inoculated 

18H ^<1 

8.2 

11.7 

13.9 

10.8 

9.9 

14.8 

Inoculated 

19H 9 

12.8 

21.4 

21.2 

22.0 

22.3 

19.4 Partial natural inoculation 

20H 9 

6.9 

16.6 

20.2 

16.4 

15.5 

17.0 

Not inoculated 

Av. 

8.7 

16.6 

18.1 

14.7 

17.5 

19.3 




Plasma ascorbic acid (mg./lOO ml.) 


16J $ 

.37 

.55 

.47c 

.44 

.41 

.37 

Inoculated 

17J 9 ' 

.60 

.61 

.23c 

.35 

.42 

.46 

Inoculated 

18H 

.64 

.70 

.54 

.52 

.55 

.45 

Inoculated 

19H 9 

.32 

.70 

.48 

.37 

.42 

.36 Partial natural inoculation 

20H 9 

.68 

.73 

.78 

.47 

.47 

.44 

Not inoculated 

Av. 

.52 

M 


,43 

AS 

.42 


» Av. age 50 d. 


*>Av. age 71 d. at begiiming of pasture June 7, 1948. 

« Fed 1.5 lb. of grain daily after July 2, 1948. 

d Freshly inoculated just before pasture period from cow eating pasture. 


made satisfactory gains in body weight; however, considerable variation was 
observed. The calves fed on pasture and milk only (groups 1 and II) made an 
average increase in weight from birth to 6 wk. of 33.3 per cent while the calves 
that were fed grain in addition *to pasture and milk (groups III and IV) 
averaged 41.8 per cent increase. No difference could be detected between the 
calves which were inoculated and those that were not, so far as their gains in body 
weight were concerned. This was true in both the grain-fed and no grain-fed 
groups. 

Blood plasma carotenoids of the pasture calves (groups I, II, HI and IV) in- 
creased rapidly reaching an extremely high but variable level ( average 255 y per 
100 ml.) at 6 wk. of age. The calves fed grain concentrates (groups III and IV) 
increased at a somewhat slower rate during the first 4 wk., but during the fifth 
and sixth wk. increased much more rapidly than the no grain groups (1 and 11). 
Much of this apparent difference was due to the extrmely high levels attained 
by two calves, 4J and 12J. 

No difference was found between the inoculated and uninoculated calves so 
far as their plasma carotenoids were concerned, which is in agreement with 
the observations made previously (2) when hay was fed instead of pasture. 
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The control calves (group V) fed in the barn did not show any increase in 
plasma carotenoids during the entire 6-wk. period. As they were fed the same 
milk as the calves in the other groups, it is apparent that the increases in 
carotenoids in the other groups were due principally to utilization of carotenoids 
from the pasture grass. 

Liver storage of carotenoids was approximately seven times higher, on the 
average, in groups I, II, TIT and IV than in group V. While the liver storage 
of carotenoids is somewhat variable, no marked differences among the first 
four groups can be seen. Unfortunately, liver storage data were not avail- 
able in group I. 

The changes in the plasma vitamin A, although quite variable indicated no 
marked difference among the pasture fed calves (groups T, II, HI and IV). 
The plasma vitamin A levels in these calves were consistently much higher than 
those in the control group V. The vitamin A liver storage data do not show 
any clear cut difference among the pasture groups II, III and IV. No data were 
available in group I. The average liver storage of vitamin A of the pasture-fed 
groups was, however, more than twice that of the barn-fed calves. 

The changes in the plasma ascorbic acid were variable, but were mostly in the 
normal range. No particular significance can be attached to the trends in the 
data. The calves in control group V at 14 days of age had an average level of 
0.25 mg. per 100 ml. which is extremely low as compared to the other four groups. 

Experiment with older calves. When the five older calves (average age 71 
days) were turned out to pasture a marked increase in both plasma carotenoids 
and vitamin A occurred (table 5). Within 2 wk. the plasma carotenoids had 
increased more than eight times the pre-pasture level and the vitamin A nearly 
doubled. These high levels were maintained throughout the pasture period except 
for a decline in the carotenoids at the end, which probably was due to dry 
weatlier and maturing of the bluegrass. The accompanying rise in plasma 
vitamin A is another example of the increase in plasma vitamin A often ob- 
served concurrent with the fall from a high plasma carotene level to a lower 
level, as previously discussed (2). 

No marked changes in the plasma ascorbic acid resulted from access to 
pasture, except that a temporary average increase was noted just after the 
change from dry feed to pasture. 

SUMMARY AND OONCLUSIONS 

An experiment was conducted to measure the influence of i)asture and early 
rumen development on the performance of calves and as a means of meeting some 
of their vitamin needs. Twelve calves, one-half of whicli were rumen inoculated 
with cud material from older cattle, were tethered during the day on a lawn- 
type bluegrass-white clover pasture beginning at 4 days of age. One-half of the 
calves in both groups were fed a 14 per cent simple grain mixture free choice 
while on pasture. The pasture calves were compared to three calves fed in the 
barn on dry feeds. Milk feeding of all calves was limited to 0.9 lb. per 10 lb. of 
body weight at birth. 
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The calves on pasture were able to utilize the nutrients from the grass, as 
indicated by their high blood plasma and liver carotenoid and vitamin A levels 
plus satisfactory growth and appearance. The calves fed grain ip addition to 
pasture increased in body weight more rapidly than those that did not receive 
grain. The plasma carotenoids of the pasture-fed calves averaged 255 y per 100 
ml. at 42 days of age. The average plasma ascorbic acid level at 14 days of age 
was also higher in the pasture-fed calves than in those that did not receive pas- 
ture. Otherwise, no marked differences were observed in the plasma ascorbic acid 
among the groups. 

Rumen inoculations were not shown to affect the blood or liver vitamin levels 
which were observed, even though the inoculations and variations in the feed 
resulted in marked differences in the rumen microorganism picture (7). 

Data also are presented showing the changes in plasma carotenoids, vitamin 
A and ascorbic acid before and after turning five older calves out to pasture. 
These calves had been fed in the barn, three with and two without rumen in- 
oculation, prior to the pasture period. 

Based on these findings, plus those presented in an accompanying paper (7), 
it is concluded that good pasture grass, when available, can be utilized by 
calves, even at an early age, as an effective means of meeting some of their vita- 
min needs and as a source of other nutrients. 

The authors wish to acknowledge the assistance of John Tate, Miss Barbara 
L. Carson and C. E. Knoop in conducting this investigation. 
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THE INFLUENCE OP PASTURE AND RUMEN INOCULATION ON THE 
ESTABLISHMENT OF CERTAIN MICROORGANISMS IN 
THE RUMEN OP YOUNG DAIRY CALVES 

W. D. POUNDEN AND J. W. HIBBS 
Ohio Agrievltural Experiment Station, Wooetcr, Ohio 

The use of certain rumen microorganisms as indicators of the presence or ab- 
sence of characteristic flora in young calves was described in a previous report 
concerning investigations of rumen development in these animals (4). The 
particular bacteria chosen for this purpose were observed quite regularly in sam- 
ples from mature stock consuming usual mixed rations. Generally, they were 
present, especially in samples from calf rumens, in sufficiently limited numbers 
to permit detecting variations in concentrations. Furthermore, they were among 
the rumen bacteria wdiich can be identified most readily in stained smears in so 
far as morphology and staining characteristics permit. 

In the previous report (4), four of these microorganisms were referred to as 
being associated with a high proportion of hay ingestion. Large Gram-positive 
cocci in closely knit pairs were described, and these were referred to as the first 
hay-group bacteria. The following three bacteria made up the second hay-group 
and were described as (a) large Gram-jiositive, thick, fairly square-ended rods, 
(b) very large Gram-negative, cigar-shaped rods and (c) smaller Gram-negative, 
short rods in fours and multiples of four in shapes suggestive of window panes. 
Medium sized, comparntively thin, Gram-positive rods, which sometimes staiiied 
in a granular manner, were among the bacteria obser\"ed to be associated with the 
consumption of high proportions of grain. 

The bacteria which were observed to be associated with a high proportion of 
hay ingestion and also the protozoa sometimes failed to become established in 
young calves. Segregation of the calves from the older stock which apparently 
cut off their source of inoculum for some of these microorganisms, and the failure 
of the calves to ingest combinations of feeds suitable for development of the 
microorganisms were the two reasons involved. Under some conditions, the 
lack of usual microorganisms in the rumen appeared to be associated with a 
lowered state of health in these young animals (2, 4, 5). The feeds involved in 
the above investigations were dry-feed rations consisting of hay and grain. The 
present report concerns results of a study of the rumen microorganisms in calves 
on pasture, both with and without hay and grain supplements. 

EXPERIMENTAL 

Two groups of Holstein and Jersey calves were used. The first consisted of 
12 calves which were tethered each day on lawn pasture beginning at 4 days of 
age. At night, they were kept in the bam in separate groups. They received per 
day 0.9 lb. of milk for each 10 lb. of body weight at birth. Half of them received 

Beceived for publication August 18, 1949. 
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rumei^oculatioiis in the manner described previously (4) when they were 5, 10, 
15 an^21 days old, using cud materials from cows on pasture. Some of the 
calves were fed either mixed hay or a 14 per cent protein grain mixture, or both, 
free choice while they were in the barn at night. 

The second group was composed of six calves which were between 39 and 96 
days of age, and which averaged 66 days at the time they were given access to 
pasture during the day beginning on June 7. They had been receiving milk, 
grain, and mixed hay. These calves received either whole milk or separated milk 
during the pasture feeding period. They were kept in the barn at night and 
were turned out each day on a mixed bluegrass and clover pasture in which 
growth of coarse types of weeds was fairly heavy in some places. Two of these 
calves received, in addition, 1.5 lb. per day of the grain mixture beginning on 
July 2. Four had received rumen inoculations during their first 3 wk. of age, and 
two of these four were given reinoculations with cud materials from cows on pas- 
ture. The rumen of the fifth had become partially inoculated in a natural man- 
ner, and the sixth was an uninoculated animal which had been raised in compara- 
tive segregation. 

Rumen samples were collected repeatedly from both groups and examined 
in the manner described previously (4). Protozoa were examined in the fresh 
state and Gram-stained smears were relied on for bacterial observations. The 
presence or absence of the same bacteria as formerly described was determined 
and the same designations that had been assigned to these have been followed. 
An attempt was made to grade the samples according to the relative numbers of 
these particular microorganisms which were observed; this consisted of making 
rough estimates of the concentration and assigning values ranging between 0 
and 4. 

RESULTS 

Experiment with young calves. The results of the examinations made on 
rumen samples collected from the 12 younger calves when they were 3 and 6 wk. 
old are presented in table 1. The treatment as regards inoculation, the type of 
feed given each calf, and the ratings assigned to the concentrations of some of 
the microorganisms in the rumen samples are included. 

Protozoa were present in the samples from all six of the inoculated calves at 
3 wk. of age and were present in great numbers at 6 wk., but were completely 
absent in the samples obtained from the uninoculated calves. Of the bacteria 
which had been observed to associate with hay ingestion (4), those in the first 
hay-flora group were present in samples from all but one of the inoculated calves 
at 3 wk. of age and in all at 6 wk. They were present in samples from two of 
the six uninoeulated calves at 3 wk. and in those from four of them at 6 wk. of 
age. Bacteria designated as belonging to the second hay-flora group were present 
in samples from only one of the six inoculated calves at 3 wk, and in but four at 6 
wk. of age. The two calves in whose rumen samples they were absent were re- 
ceiving grain free choice. These bacteria were never observed in samples from 
the six uninoculated calves. Within their respective groups, samples from the 
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TABLE 1 

Batings indicating the relative concentration of certain microorganisms in rumen sampms from 
young calves following access to pasture beginning at 4 days of age 


Bumen microorg^anisms ratings* at: 


Calf 


Feed 


3 \vk. of age 


6 wk. of age 


Protozoa 


Hay-flora 
I 


II 


Protozoa 


Hay-flora 


II 


Inoculated 

1 H Pasture alone 

2 J Pasture alone 

8 H Plus hay 

Uuinoculated 

3 H Pasture alone 
15 J Pasture alone 

9 H Plus hay 

Inoculated 

4 J Plus grain 

5 H Plus grain 

1 IJ Plus hay and grain 

Uninoculated 

6 J Plus grain 
HIl Plus grain 

12 J Plus liuy and grain 


3 2 0 

2 3 1 

2 3 0 


0 0 0 
0 0 0 
0 2 0 


2 10 

1 0 0 

3 2 0 


0 10 
0 0 0 
0 0 0 


3 

3 

3 


0 

0 

0 


3 

3 

3 


0 

0 

0 


» Ratings : 1 = few j 2 = moderate numbers ; 3 r many ; 4 == masses. 


3 2 

3 2 

4 3 


1 0 
0 0 
2 0 


1 0 

1 0 

3 1 


1 0 
1 0 
0 0 


two calves receiving hay in addition to the pasture were rated as having the higher 
concentrations of the bacteria noted to associate with hay ingestion. 

Although not shown in tabic 1, samples from all 12 calves contained varying 
numbers of the Gram-positive rods designated in the previous report (4) as asso- 
ciated with grain ingestion. These were especially prevalent in samples from 
calves consuming a high proportion of grain during the first 4 wk. 

The general appearance and growth of all the calves was comparatively good. 
Their gains in weight are reported in an accompanying paper (3). Four calves 
suffered from attacks of diarrhea, which were of short duration and not severe, 
and all recovered without treatment. Two of these calves (numbers 5 and 11) 
had received rumen inoculations and two (numbers 12 and 15) had not; one re- 
ceived pasture alone (number 15), one pasture plus grain (number 5) and the 
other two pasture plus both grain and hay (numbers 11 and 12). 

Three other uninoculated calves which were born during the same period 
were kept in the barn continuously, were given milk and fed similar hay and grain 
free choice starting at 14 days of age. The results of examinations of rumen 
samples were rather similar to those previously obtained for calves handled in 
this manner (4). Protozoa were missing from all samples, and bacteria of the 
hay-flora groups were practically absent from all samples. On the other hand, 
great numbers of the Gram-positive rods observed to associate with a high propor- 
tion of grain ingestion were present in all samples. Of these three barn-fed 
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calves, two suffered from mild attacks of diarrhea of short duration, which 
desisted without treatment. 

Experiment with older calves. Data collected on rumen samples obtained 
from the older group of six calves on several representative days are presented in 
table 2. The ratings assigned on the basis of the relative concentration in the 
rumen samples of the particular microorganisms which were being observed are 
given. No marked change in the relative numbers of protozoa were noted 
throughout the period of observation. The two groups of organisms which have 
been observed to associate with hay ingestion tended to decrease in the samples 
during the first few days the calves were on pasture, but soon regained their 
former status. During this period, small Qram-negative short rods were espe- 
cially prominent in all the samples. When the calves were first turned out, the 
pasture was particularly lush. Besides these changes in the microflora, the 
plasma carotenoids also tended to vary considerably (3), indicating that the 
character of the pasture was more than likely involved in both variations. The 
calf having a partial inoculation, which was acquired in a natural manner, de- 
veloped a rumen flora and fauna which appeared quite comparable to those of the 
inoculated animals after associating with them for approximately 2 wk. Micro- 
organisms in rumen samples from the uninoculated animal failed to become simi- 
lar to the others, even though they progressed somewhat in this direction. How- 
ever, characteristic microorganisms readily were established when the animal 
received an inoculation with cud materials from an older animal on J uly 30. A 
rumen sample obtained on August 23 was rated for protozoa as 3, for hay-flora 
group I as 3, and for hay-flora group II as 2. It was noted that the same rather 
large Gram-positive rods frequently seen in other uninoculated calves were pres- 
ent in many of the samples obtained from this calf. 

The percentage increases in weight on August 2 over the weights on June 2 
were 61.0 and 75.5 per cent for the two inoculated calves which received grain 
part of the time. For those which did not receive grain, they were 53.5 and 62.6 
per cent for the inoculated calves, 58.1 per cent for the naturally inoculated calf 
and 51.7 per cent for the uninoculated animal. The inoculated calf which gained 
53.5 per cent was a twin of the uninoculated calf. The latter calf suffered from 
recurrent mild diarrhea until after it received the rumen inoculation on July 30. 
Its tail and hind legs were fouled with feces almost continuously, which was 
seldom observed in any of the other calves. It also had a noticeably rougher 
hair coat. 

DISCUSSION 

The observation that the same rumen microorganisms were establi^ed as 
readily in the rumens of calves eating pasture as when they were consuming dry 
feeds is in line with the findings of others, including Bortree et al (1), that 
these feeds promote the development of rather similar rumen flora. 

The absence in the uninoculated calves of certain characteristic microorgan- 
isms which were present in the rumens of inoculated calves indicates that calves 
having access to pasture are in no better position than those being raised on dry 
feeds as regards obtaining these microorganisms from sources other than the 
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bovine rumen. In the case of the younger calves which were eating lawn pasture, 
the lack of characteristic mmen microorganisms did not appear to be of much 
consequence in so far as gain in weight (3) or general health was concerned. 

The slowness with which the uninoculated calf in the older group developed 
rumen flora and fauna similar to the others while on pasture with inoculated 
calves was rather unexpected. The data collected on this single calf cannot, 
of course, provide more than a slight indication of what may occur in similar 
animals under such circumstances. However, it does suggest the possibility that 
failure of characteristic flora and fauna to become established in the rumens of 
young animals, which are forced to depend upon pasture utilization to meet their 
nutrient requirements, may limit their ability to efBciently utilize some types of 
pasture. 

The comparatively normal existence which frequently is possible for calves, 
even though they lack some of the usual rumen microorganisms, probably is due to 
the fact that substitute organisms can do a creditable job. However, microorgan- 
isms that have developed over a long period of time in the environment of 
the rumen, would be expected to function most efficiently in this organ. 

When the role that segregation can play in the control of the spread of some 
infectious disease organisms is considered, the effect of such a management pro- 
cedure on the transfer of rumen microorganisms from animal to animal can be 
appreciated more readily. 

SUMMARY 

Rumen inoculations with cud materials from cows on pasture were given 
six of twelve calves which were fed milk and placed on lawn pasture at 4 days of 
age. Rumen protozoa and certain bacteria, used as indicators of the presence of 
varieties characteristically associated with a high proportion of hay ingestion, 
readily were established in all inoculated calves. The bacteria were established 
in a relatively less degree in two of the calves which received grain supplement 
free choice. Protozoa did not develop in the uninoculated calves. Some charac- 
teristic bacteria became established ip four of the six iininociilated calves by C wk. 
of age, but were limited to one of the observed varieties and were relatively few 
in number. 

Characteristic rumen microorganisms became established only in relatively 
limited numbers in a milk-fed, uninoculated, 2-month old calf after being in 
a pasture for 7 wk. with four rumen-inoculated calves of similar age. The 
marked difference in microorganisms was rectified following rumen inoculation. 
Prior to inoculation, this calf had recurrent mild diarrhea and a comparatively 
rough hair coat while on pasture, but its percentage gain in body weight was al- 
most equivalent to an inoculated twin. 

Characteristic rumen microorganisms can be established in young calves on 
pasture when they are inoculated with cud materials from older cattle and when 
grain is not fed in excessive amounts. Calves possibly may be limited somewhat 
in their ability to utilize certain pastures, if characteristic rumen microorganisms 
are lacking. 
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PREPARTUM MILKING. III. THE PLASMA LEVELS OF CAROTENE 
AND VITAMIN A IN CALVES FROM DAMS MILKED PREPARTUM 
AND IN CALVES FROM DAMS MILKED POSTPARTUM^ 

H. D. EATON, R. E. JOHNSON, A. A. SPIELMAN, L. D. MATTERSON and L. NEZVESKY 
Animal Industries Department, Storrs Agricultural Experiment Station, Storrs, Conneetieut 

Prepartum milking results in a marked decrease in both the carotene and 
vitamin A content of colostrum (3). Since colostrum contributes a large pro- 
portion of these nutrients to the young calf, it is of value to know what effect 
prepartum milking of the dam has on these metabolites in the young calf. The 
purpose of this study was to determine the effect of prepartum milking of the 
dam on the carotene and vitamin A content of the plasma of the neonatal calf. 
Secondarily, these factors were studied in relation to two dietary regimes. 

EXPERIMENTAL 

Animals, A detailed description of the treatment, changes in certain blood 
constituents and composition of the colostrum of the dams of the calves used in 
this experiment has been reported previously (2, 3). Briefly, the dams were 
divided into four experimental groupings: 1-A, postpartum milked — basal 
ration; 1-B, postpartum milked — ^basal ration 4-1 million USP units of vitamin 
A daily for 30 days prior to the calculated parturition date; 2- A, prepartum 
milked for 10 days prior to calculated parturition date — ^basal ration ; and 2-B, 
prepartum milked — ^basal ration + vitamin A. There were nine calves from dams 
in group 1-A, ten calves from dams in group 1-B, and 11 calves each from dams in 
group 2-A and group 2-B. 

The calves were not allowed to nurse but were removed immediately after 
birth to individual pens in a separate portion of the barn. There the Ayrshire 
and Holstein calves received 6 lb. daily of their dams’ colostrum and milk for 
the first wk., and 7, 8, and 9 lb, of herd milk for the second, third, and fourth 
wk., respectively. Similar values for the Guernsey and Jersey calves were 5, 6, 
7, and 8 lb. All colostrum and milk were fed twice daily in nipple pails. At the 
beginning of the second wk. of age, each calf had free access to water, com- 
mercial dry-calf starter and mixed grass and clover hay. Each calf was weighed 
at birth and at weekly intervals thereafter to 4 wk. of age. In cases of scours, 
the milk allowance was reduced to one-half ; and in three calves it was necessary 
to inject intravenously, at the rate of 1 grain per lb. of body weight, a 25 per 
cent solution of sodium sulfamethazine as a therapeutic agent. 

Samples and Analyses. Venous blood samples were drawn at birth and at 
weekly intervals thereafter to 4 wk. of age. The samples immediately were 
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chilled to 4® C. and centrifuged, and plasma carotene and vitamin A were deter- 
mined by the method of Kimble (7). Standard statistical procedures (5, 10) 
were used to test for differences between treatments. In the case of liveweight, 
the method of Wishart (14) was used, as well as methods outlined in Snedecor 
( 10 ). 

RESULTS 

Data on the content of carotene and vitamin A in the blood plasma and live- 
weight at birth, and at weekly intervals to 4 wk. of age, are given in fig. 1 to 3. 
Prepartum milking resulted in lower levels of both plasma carotene and plasma 
vitamin A. Secondarily, the feeding of supplementary vitamin A to the dam 
prepartum resulted in higher levels of vitamin A in the plasma and in a de- 
pression in the levels of carotene in the plasma. 



Pw. 1. The effect of prepartum milking of the dam on the carotene content of the plasma 
of the dairy calf. 

Plasma carotene (fig. 1) was affected significantly by treatment Calves 
from dams milked prepartum had lower average carotene plasma values 
(P<0.01) for the entire experimental period, and also lower average values for 
the period of 1 through 4 wk. of age (P<0.05), than those values for calves from 
.^«ma miilfg/l postpartum only. A similar difference (P<0.05) existed at 1 and 
at 2 wk. of age. The feeding of supplementary vitamin A prepartum resulted in 
lower levels of piaama carotene, but these differences were not statistically sig- 
nificant. 
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Plaama vitamin A levels (fig. 2) were lower (P<0.05) from 1 wk. of age 
throngh 4 wk. in calves from dams milked prepartum. The feeding of supple- 
mentary vitamin A prepartum significantly (P<0.01) raised the blood plasma 
levels of vitamin A for the entire experimental period. Also, the blood plasma 
levels of vitamin A at birth were higher (P< 0.001) in those calves from dams fed 
supplementary vitamin A than in calves from dams fed the basal ration alone. 

The liveweight increases (fig. 3) were greater in those calves from dams 
milked only postpartum and those calves from dams receiving supplementary 

aoSTaallTUM SASAL 

POSTPARTUM aASAL4>VIT.A 



Fio. 2. The effeet of prepartum milking of the dam on the vitamin A content of the 
plasma of the calf. 

vitamin A. An analysis of the actual gains during the 28-day experimental 
period and their linear coefiScients, or either of these measures adjusted to the 
birth weight of the individual calves, failed to reveal statistically significant dif- 
ferences between treatments. 

Four calves from dams milked prepartum and fed the basal ration (group 
2-A) had scours for a period of 1, 1, 3, and 8 days, respectively. Two of these 
received intravenous injections of 25 per cent sodium sulfamethazine. In group 
2-B, two calves had scours for 1 day each. No scours were observed in calves from 
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dams milked postpartum and fed the basal ration (group 1-A). One calf in 
group 1-B had scours for a total of 7 days and received intravenous injections of 
26 per cent sodium sulfamethazine. Conversion of the percent days free from 
scours to an angle corresponding to the percentage, and analysis of variance of 
the angles showed no statistical differences due to treatment. 


POSTPARTUM BASAL 

POSTPARTUM BA8AL4 VIT A 



FiO. 3. The effect of prepartum milking of the dam on the liveweight changes of the 
dairy calf. 


DISCUSSION 


These data indicate that both management and ration during the prepartum 
period can influence the blood plasma levels of carotene and vitamin A in the 
young dairy calf. 

Previous workers (6, 8, 13) have reported difficulty in raising calves from 
cows milked prepartum, and Keyes et al. (6) have indicated that oral adminis- 
tration of a carotene preparation would alleviate scours and general inactivity in 
calves from dams milked prepartum. In this study, the blood plasma levels of 
vitamin A of the calves from dams milked prepartum and receiving the basal 
ration alone were, on the average, slightly above lOy per cent, which Boyer et al. 
(1) have indicated as adequate. There appears to be the possibility that a subop- 
timum intake of vitamin A might exist in calves when their dams receive limited 
amounts of carotene in their ration and are milked prepartum. However, other 
factors may influence the nutrition of the calf when its dam is prepartum-milked 
since not only is there a quantitative change in the contituents of colostrum, but 
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also a qualitative change as reviewed elsewhere (3). Although the vitamin A 
content of the colostrum of the dams milked prepartum and fed supplementary 
vitamin A was significantly greater than that for dams milked postpartum and 
fed no supplementary vitamin A (3), calves from dams in the former group did 
not maintain as high plasma vitamin A levels after 2 wk, of age as did calves from 
dams in the latter group. This suggests that colostrum contains a factor (s), 
apparently not found in milk, which results in greater efficiency in the utilization 
of vitamin A. Previous workers (4, 11) have indicated such, but more direct 
measurements are needed. 

The increase in blood plasma levels of vitamin A in those calves from dams 
fed supplementary vitamin A during the prepartum period confirms work previ- 
ously reported (12). In addition, the cases of scours, although few and not 
statistically significant, are in line with the previous report. The depression 
in carotene, likewise not statistically significant, is of interest; since intrauterine 
influences of supplementary vitamin A feeding apparently carry over into the 
neonatal calf under normal” conditions of feeding and management. 

The greater but not statistically significant liveweight gains in calves from 
dams fed supplementary vitamin A prepartum is of interest. Previous workers 
(9, 12) have demonstrated significantly greater liveweight gains in neonatal 
Holstein calves due to prepartum feeding of supplementary vitamin A, and in 
Holstein heifers fed supplementary vitamin A directly. The lower but not 
significant weight gains in those calves from dams milked prepartum well might 
be due in part to suboptimum intakes of vitamin A. 

SUHMABY 

The effect of prepartum milking of the dam, for 10 days prior to the calcu- 
lated parturition date, on the plasma carotene and vitamin A levels, liveweight 
changes, and incidence of scours in 41 young dairy calves has been studied. 
Secondarily, the effect of feeding one million USP units of vitamin A daily for 
30 days prepaitum was measured. 

The data indicate that prepartum milking significantly lowers the level of 
blood plasma carotene and vitamin A in calves from 1 wk. through 4 wk. of age, 
as compared to those values for calves from dams milked postpartum only. 
The feeding of supplementary vitamin A prepartum resulted in significantly 
greater blood plasma levels of vitamin A for the entire experimental period and 
lower but not statistically significant blood plasma carotene levels. The dif- 
ferences between treatments, in liveweight and incidence of scours, were not 
statistically significant. 
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ASSOCIATION ANNOUNCEMENT 

COLLEGIATE STUDENTS’ INTERNATIONAL CONTEST IN JUDGING 
DAIRY PRODUCTS 

Lob Angeles, Cal. — Oct. 23, 1949 

Teams from 18 State Agricultural Colleges, participated in this, the fifteenth annual Contest 
sponsored by the Dairy Industries Supply Association, Inc., and the American Dairy Science 
Association. 

Following is a list of those who won high standings in the Contest : 

ALL PRODUCTS 
XndividmU 

1. Herbert Buggies, Iowa State College 

2. Bichard Jackson Stanley, Mississippi State College 

3. Bussell J. Moe, University of Minnesota 

4. Donald £. Miller, University of Illinois 

5. John B. Tedford, University of Connecticut 

6. Gene D. Lower, ©hio State University 

7. Lee K. Morgan, Utali State Agricultural College 

8. Harold A. Bainsey, Kansas State College 

9. Sam Louis Swett, Mississippi State College 

10. Bobert K. Wight, Iowa State College 

Teams 

1. Mississippi State College 

2. University of Connecticut 

3. Iowa State College 

4. Kansas State College 

5. University of Minnesota 

6. University of Massachusetts 
Tie 7. Michigan State College 

Tie 7. State College of Washington 
9. Utah State Agricultural College 
10. University of Illinois 


BUTTER 

Individuals 

1. Bussell J. Moe, University of Minnesota 13.25 

2. Baymond G. Otto, University of Minnesota 14.67 

3. Herbert Buggies, Iowa State College 14.74 

4. Donald £. Miller, University of Illinois 1.5.84 

5. Philip J. Blanchard, Jr., University of Massachusetts 16.92 

6. John B. Tedford, University of Connecticut 17.00 

7. Duane D. Walter, State College of Washington 17.60 

8. Warren C. Jones, Texas A & M College 18.17 

9. William B. Thomas, Oklahoma A A M College 18.33 

10. Edwin R. Frankel, Michigan State College 19.00 

Teams 

1. University of Minnesota 57.92 

2. University of Massachusetts 60.93 

loss 
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3. Michigan State College 63.51 

4. University of Connecticut 64.34 

6. State College of Washington 64.51 

6. MissisBippi State College 68,10 

7. Kansas State College 68.52 

8. University of Illinois 68.68 

9. Oklahoma A & M College 71.60 

10. Agricultural & Mechanical College of Texas 72.34 

* * CHEESE 

Individuals 

1. Sam L. Swett, Mississippi State College 26.08 

2. Hichard Jackson Stanley, Mississippi State College 27.59 

3. Doe R. Morgan, T^tah State Agricultural College 30.75 

4. John R. Tedford, University of Connecticut 31.02 

5. Deo McDonald Graham, Mississippi State College 31.17 

6. Max R. Hogan, Utah State Agricultural College 31.26 

7. Marvin Eskin, Michigan State College 31.92 

8. Janies D. Yoder, TTnivorsity of Nebraska 32.51 

9. Alfred ('ohn, Michigan State College 32.84 

10. William Edmondson, ITniversity of Connecticut 32.93 

Teams 

1. Mississippi State College 84.84 

2. Utah State Agricultural College 100.60 

3. Michigan State ('ollogi* 102.00 

4. Iowa State (’ollogo 104.60 

5. University of Nebraska 105.18 

6. University of (’onnociicut 100.38 

7. University of Massachusetts 110.43 

8. Kansas State (’ollege 110.61 

9. University of Miuiiesota 111.86 

10. Texas Technological (’ollege 112.51 

irE CREAM 
J ndivid’uals 

1. Roger W. Hunt, I'll i\er8ity of Connecticut 22.67 

2. Herbert Ruggles, Iowa State College 25.00 

Harold A. Ramsey, Kansas State College 25.84 

Donald E. Miller, Uiiiversity of Illinois 27.34 

5. Richard .lackson Stanley, Mississippi State College 27.67 

Tie 6. Robert K. Wight, Iowa State College 28.00 

Tie 6. I*hilip J. Blanchard, Jr., University of Massachusetts 28.00 

8. Donald Brighton, T^niversity of Idaho 28.50 

9. James A. Brotsos, University of Illinois 29,17 

Tie 10. George L. Weir, Iowa State College 29.50 

Tie 10. Duane D. Walter, State College of W^ashington 29.50 

Teams 

1. low^a State College 82.50 

2. University of Connecticut 84.84 

3. Mississippi State College 93.18 

4. State College of Washington 93.67 
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5. 

Universitj of MaBsachusetts 

95.00 

6. 

University of Idaho 

95.67 

7. 

Univeraity of MinnoBota 

95.69 

8. 

Michigan State College 

97.17 

9. 

Kanaas State College 

99.85 

10. 

Ohio State University 

HILK 

Jndividnals 

100.34 

1. 

James Howard Sherrod, Kansas State College 

12.25 

2. 

Gene D. Lower, Ohio State University 

14.50 

3. 

Bobert K. Wight, Iowa State College 

15.67 

4. 

Bussell J. Moe, University of Minnesota 

15.92 

5. 

Bichard Jackson Stanley, Mississippi State College 

16.42 

6 . 

Dm B. Morgan, Utah State Agricultural College 

18.75 

7. 

James Warren Newell, University of Nebraska 

19.25 

8. 

Harold A. Bamsey, Kansas State College 

19.42 

9. 

William C. Coker, A & M College of Texas 

19.75 

10. 

Donald E. Miller, University of Illinois 

Teams 

19.79 

3. 

Kansas State College 

52.59 

2. 

Iowa State College 

59.97 

3. 

Mississippi State College 

04.67 

4. 

State College of Washington 

66.42 

5. 

Agricultural Mechanical College of Texas 

68.42 

6 . 

Utah State Agricultural College 

70.00 

7. 

Ohio State University 

70,50 

8. 

University of Illinois 

70.79 

9. 

University of Connecticut 

70.92 

10. 

University of Minnesota 

71.09 
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Williams, G. A., Purdue University, W. 
Lafayette 

Zeli., Fred, Carmel 
Student Afjiliateat 

Brown, Gordon, 408 Center St., Valparaiso 
Dietbick, Lons L., Box 813, Portland 
Hereim, Andrew T., Romney 
Vandkrbeek, James L., 113J West 8tli St., 
Bochei^ter 


Uemhem: 

Arnold, Floyd, Extension Service, ifowa 
State College, 202 Morrill Hall, Ames 
Baker, Merle P., Dept, of Dairy Industry, 
Iowa State College, Ames 
Bird, Emerson W» Dept, of Dairy Indus- 
try, Iowa State College, Ames 
BoNEwiTz, Paul W., Bonewitz Chemicals 
Inc., P.O. Box 560, Burlington 
Burwell, F. a.. Rath Packing Co., Water- 
loo 

Cannon, C. Y., Animal Husbandry Dept., 
Iowa State College, Ames 
Caulfield, W, J., Dept, of Dairy Industry, 
Iowa State College, Ames 
Edmondson, Joe E., Dept, of Dairy Indus- 
try, Iowa State College, Ames 
Fahl, Joseph R., 1417 East Lombard St., 
Davenport 

Fincham, Robert G., 222 South Hazel, 
Ames 

OosB, E. F., Dept, of Dairy Industry, Iowa 
State OolWe, Ames 

Kanbon, F. E., 1321 Ave. H, Hawarden 


Hughes, Charles E., Successful Farming, 
Dcs Moines 3 

Iverson, C. A., Dept, of Dairy Industry, 
Iowa State (/ollege, Ames 

Jackson, Lyle W., 923 16th St. N. E., 
Cc*dar Rapids 

JACOB.SEN, N. L., Dept, of Animal Hus- 
bandry, Iowa State College, Ames 

Kristoffkrson. Thorvald, Dairy Industry 
Dept., Iowa State College, Ames 

Kubicek, MfiLTON D., 1145 First St. 8. W., 
Mason C^ity 

Lush, J ay L., Agriculture Hall, Iowa State 
College, Ames 

Mortenben, Martin, Iowa State College, 
Ames 

NeIiSON, F. E., Dept, of Dairy Industry, 
Iowa State College, Ames 

Nielsen, Vernbr H., Dept, of Dairy Indus- 
try, Iowa State College, Ames 

Owen, Thomas S., 209 S. 12tli St., Center- 
ville 

Parmelee, C. E., Dairy Industry Dept,, 
Iowa State College, Ames 
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Peebles, H. E., Bacteriology Lab., Iowa 
State Dept, of Agr., State House, Des 
Moines 

Peters, Isaac,- D airy Industry Bldg., Iowa 
State College, Ames 

PiBiE, iT, W., Eastern Artificial Breeding 
Assoc., Cedar Rapids 

Pc«TER, Arthur R., 110 Curtiss Hall, Iowa 
State College, Ames 

Raps, Greq, 3108 Ellis, Ames 

Ratbore, a.. Animal Husbandry Dept., 
Iowa State College, Ames 

Ros£nbeR(}ER, W. 8., Dairy Industry Dept., 
Iowa State (Vdlegc, Ames 

Rudnick, a. W., 214 S. Russell Ave., Ames 

Sanders, L. R., llutchinsoii Ice Cream Co., 
Cedar Rapids 

Thomas, B. II., 306 Chemistry Bldg., Iowa 
State College, Ames 

VOELKKR, Donald E., 202 Morrill Hall, 
Iowa State College, Ames 

Ware, Robert, Carroll Oeamery Co., Car- 
roll 

Weaver, Russell C., 310 S. Tennessee, Ma- 
son (Mty 

Weqermann, Edwin IL, 864 18th St. 8. E., 
Cedar Rapids 

WiLKOWSKE, Hovtard, Dairy Industry 
Dept., Iowa State College, Ames 


Slutfvni AffiUatf'H: 

Acker, Robert M., 310 Ivanhoe Rd., Water- 
loo 

Andrkae, John, 217 A^h, .\ines 
Baker, R. J., Dairy Industry Dept., Iowa 
State College, Aines 

Bassett, Paul, Box 173, Station A, Ames 
Bell, Kenneth, 307 15th St. N. W., Mason 
City 

Brayman, Donai.p, 124 N. Hyland Ave., 
Ames 

Calvert, Phillip, R, F. D. 4, Jefferson 
(’IIRISTENSEN, Jame.s V., 2120 Lincoln Way, 
Ames 

Coffin, I)ai>e, Rutland 
Coyle, Charles, 466 Pammel ("t., Ames 
Davies, Idris, Alumni Hall, Iowa State Col- 
lege, Ames 

Davies, James, 1320 Kirkwood Ave., Iowa 
City 

Dudani, a. T., Dairy Industry Dept., Iowa 
State College, Ames 

QfiUiROE, Kennard, 307 W. 4th St., Boone 
Gkknand, Max^ Volga City 
Gerry, Keith, I7th & Early, Sae City 
Okbvais, Hugh B., 2110 Lincoln Way, 
Ames 

OiDEONSEN, Ray, 1033 S. Bluff, Clinton 
Goodman, Richard, McOallsburg 
Hagen, Vernon, Joico 


Harvey, Walter R., Animal Br. Section, 
Iowa State College, Ames 
Haupt, Ernest, 1818 Boone St., Boone 
Henrybon, Roy, 228 Welch, Ames 
Herrick, John, 1219 Lincoln Way, Ames 
Hildreth, Donald G., 744 Pammel Ct., 
Ames 

Humphrey, Sam, 145 Pammel Ct., Ames 
JOHANSON, Richard E., 304 Welch Ave., 
Ames 

JONFiS, Gail M., 310 Michigan Ave., Storm 
Lake 

Jones, Milo, Corydon 
Kef.n, Paul, 1118 Jones St., Bettendorf 
Kellogg, Wallace, 713 Pammel Ames 
Koele, Earl, 84 Pammel Ct., Ames 
Larsen, Cyril, Box 27, Akron 
Legates, J. E., 670 Pammel C^t., Ames 
Lovlien, Carl, 303 Welch Ave., Ames 
Lund, Wayne E., 211 N. Hazel, Ames 
Magill, Robert, Hughes Hall, Ames 
Magrabi, M., Station A, Box R, Ames 
McBride, Clifford, 131 Campus Ave., Ames 
MoGilliard, Lon D., Animal Breeding Sub- 
section, Dept, of Animal Husbandry, 
Iowa State College, Ames 
Meyfas, William, 62 May St., Manning 
Moeller, Richard, 107 S. Riverside Dr., 
Ames 

Monaweck, John, 2112 Lincoln Way, Ames 
Morris, Walter, Strawberry Point 
Morrison, Henry F., 1137 Northwestern, 
Ames 

Nashif, Selim A., Box 330, Friley Hall, 
Ames 

Nelson, Walter, Randall 
Norris, Hood, 304 Welch Ave., Ames 
Olson, Robert A., Model Dairy, Waukon 
pAUon, Robert J., 325 Welch, Ames 
Phelps, Thomas, 733 Pammel Ct., Ames 
Platt, Thomas B., Osborne (’ottage, Iowa 
State ('’ollege, Ames 
Rhodes, Sam, 311 Ash Ave., Ames 
Skogman, Deane, Farmersburg 
Stoddard, George E., Dept, of Dairy Hus- 
bandry, Iowa State College, Ames 
Thomas, Robert H., Dairy Industry Dept., 
Iowa State College, Ames 
Vittenole, John G., 2421 Lincoln Way, 
Ames 

Waggoner, Burdette, 630 7th St. B. E., 
Cedar Rapids 

Weir, George, 403 W. Lincoln Way, Apt. 3, 
Ames 

Weyant, Robert E., Strawberry Point 
IViLHELM, Dennis, Route 1, Ren wick 
Yang, S. P., Dept, of Animal Husbandry, 
Iowa State College, Ames 
Zeuthen, Niels, International House, Iowa 
State College, Ames 

Zimmerman, Howard, Dairy Industry 
Dept., Iowa State College, Ames 


Ireland 

Members: 

Grimes, Michael, Dairy Bacteriology Dept., 
University College, Cork 
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Israel 


Student Affiliates: 

POLISHUK, MENASHE, 

Potali-Tiqua 


137 Botshild St., 

Kansas 


Members: 

Atkeson, P. W., Dept, of Dairy Husbazi' 
dry, Kan. State College, Manhattan 
Beok, Glenn H., Dept, of Dairy Husbandry, 
Kan. State College, Manhattan 
Bright, Howard, 5351 Ash St., Mission 
Chilson, William H., Dept, of Dairy Hus- 
bandry, Kan. State College, Manhattan 
Claydon, T. J., Dairy Dept., Kan. State 
College, Manhattan 

Day, Clarence A., 520 Ash St., Ottawa 
BcKLEs, William Clarence, 5706 Ash Dr., 
Mission 

Eldridge, Franklin, Dept, of Dairy Hus- 
bandry, Kan. State College, Manhattan 
Foreman, Charles F., 825 Fremont St., 
Manhattan 

Fountains, F. C., Dept, of Dairy Husban- 
dry, Kan. State College, Manhattan 
George, B. J., Kansas City Power & Light 
Co., 1330 Baltimore Ave., Kansas City 10 
Hostetler, P. H., Harper 
Ibsen, Heman L., Dept, of Animal Hus- 
bandry, Kan. State College, Manhattan 
Ku, Benedict H. T., Dept, of Dairy Hus- 
bandry, Kan. State College, Manhattan 


Linn, J. W., Extension Division, Kan. State 
College, Manhattan 

Martin, Willard H., Kan. State College, 
Manhattan 

Parrish, Donald B., Dept, of Chemistry, 
Kan. State College, Manhattan 

Underbjerg, Gravers K. L., Dept, of Phys- 
iology, Kan. State College, Manhattan 

Whitnah, Carrell H., Dept, of Chemistry, 
Kan. State College, Manhattan 

Student Affiliates: 

Ainslie, Harry, Apt. 28D, Elliott Courts, 
Manhattan 

Bartley, Erls, Dairy Husbandry Dept., 
Kan. State College, Manhattan 

Gigstad, Alfred, Dairy Barn, Kan. State 
College, Manhattan 

Quimby, Kenneth, 2100 Madison, Great 
Bend 

Bambey, Harold, 1409 Fairchild, Manhat- 
tan 

Sherrod, Howard J., 1648 Leavenworth, 
Manhattan 

Stokes, William Brice, 209 W. 23rd, Apt. 
8, Wicluta 

Zbck, Mladden, D., 316 4th Ave., Iicaven- 
worth 


Kentucky 


Members: 

Barkman, j. O., Dairy Dept., Univ. of Ky., 
Lexington 

Barkman, Bobert L., Prospect 

Blub, James L., Jr., Cudahy Packing Co., 
Harrodsburg 

Carpenter, Marshall C., Boute 6, Iiouis- 
ville 

Clifton, Carl M., Dairy Dept., 730 Bose St. 
Lexington 29 

Deutbch, Ann, Boute 4, Box 773, Louis- 
ville 13 

Dozier, Emmitt, Jr., 306 Douglas Ave., 
Versailles 

Eluott, Balpb F., Dairy Section, Univ. of 
Ky., Lexington 

Foster, James D., 730 Bose St., Lexington 

Foster, John Vf., Dairy Dept,, Univ. of 
Ky., Lexington 

Freeman, Thbo B., Dairy Section, Univ. of 
Ky., lioxington 

Hixson, E. L., Pet Milk Co., Maydeld 

McCullough, Marshall £., Box 1123 Col- 
lege Station, Berea 

Mennen, K. E., Armour CreamerieB, Louis- 
ville 8 

Morrison, H. B., Dairy D^t., Univ. of Ky., 
Lexington 

Seath, Dwight M., 106 Dairy Bldg., Univ. 
of Ky., Lexington 

SUMME, John J., 224 E. 20th St., Coving- 
ton 


Student Affiliates: 

Burnette, Cecil, Boute 1, Fulton 
Bush, Linville, B. D. 3, Winchester 
Conley, Cecil, University Apts., 333 South 
Lime, Lexington 

Dunning, Mose W., Jr., 317 Grosvner Ave., 
Lexington 

Duvall, Charles Allen, Jr., Smithfield 
Early, Walter B., Jr., Box 123, Williams- 
burg 

Fortner, Henry L., 600 3rd St., Fulton 
Graham, John D., Box 546, Hopkinsville 
Johnson, Jambs T., Boute 1, Water Valley 
Lassiter, Charles, 544 B Hilltop Ave., 
Cooperstown, Univ. of Ky., Lexington 
LeMaster, James L., 527 Brewer Drive, 
Cooperstown, Univ. of Ky., Iiexington 
Ijnton, Frank B., 303 E. Maxwell St., Lex- 
ington 

McNeil, William Samuel, Jr., Box 1253, 
College P. O., Berea 

Mullins, Dewey A., 741 Oldham Ave., Lex- 
ington 

Price, H« V., 100 Wabash Place, Apt* 1, 
Lynn Acres Apt., Louisville 8 
Bau, Theodore S., Box 5634, Univ. of Ky., 
Lexington 

Saalwaeohtxr, Paul, 708 Meredith, 
Cooperstown, Univ. of Ky., Lexington 
Samples, Bubert N., Boute 1. Fancy Farm 
SCBOCXLORAFT, Georoe W., Cain Stone 
STABLy Perby, Pikeville College, PikevUle 
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Louisiana 


Members : 

Anderson, H. W., Extension Daio'man, 
Univ. Station, Baton Bouge 
Beanton, Cecil, L. S. U. Artificial Breed- 
ing Center, Dairy Dept., Univ. Station, 

Box 8907, Baton Bouge 3 
Brown, Charles A., 841 Exposition Blvd., 

New Orleans 15 

Calloway, B. C., Univ. Station, Baton 
Bouge 

Cathcabt, S. L., Iberia Expt. Farm, Jeaner- 
etto 

Davis, C. C., 2618 Calhoun St., New Orleans 
38 

Frye, JEnninos B., Jr., Dairy Dept., La. 

State Univ., Baton Bouge 
Gantt, Paul A., Trinity Plantation, Bose- 
dale 

Gelpi, a. J., Jr., Assoc. Prof, of Dairying, 

La. State Univ., Baton Bouge 
Gibbons, J. T., P.O. Box 284, New Orleans 
Haq, Md Obayedul, Box No. 8463, L. S. U., 
Baton Bouge 3 

Miller, G. D., Louisiana State Univ., P.O. 

Box 7443, Baton Bouge 
Neasham, E, W., La. State Univ., Baton 
Bouge 

pAiTticK, T. E., Dairy Dept., La. State 
Univ., Baton Bouge 

Bivers, Philip, Southwestern La. Institute, 
Lafayette 

Bouoeou, 0. L., Dairy Dept., Southwestern 
La. Institute, Lafayette 
Btjsorr, Lotus L., Dairy Besearch, La. State 
Univ., Baton Boug(* 

Smyth, Eugene B., 4920 Moore Drive, New 
Orleans 19 

Maine 


Warner, Robert A., Route 3, Box 133, 
Monroe 

Student Affiliates: 

Alford, John A., Dept, of Bacteriology, 
La. State Univ., Baton Bouge 
Barker, IIal B., Box 507, La. Polytechnic 
Institute, Boston 

Bateman, Dallas L., Box 8381, La. State 
Univ., Baton Bouge 

Cadwallader, j. M., Jr., Box 1188, Baton 
Bouge 

D^Arensbouro, Gerald F., Box 6592, La. 

State Univ., Baton Bouge 3 
ESTES.S, D. L., Box 739, Mansfield 
Everage, Otis B., Box 6883, La. State 
Univ., Baton Bouge 

Hodgkins, E. E., Box 7330 A, La. State 
Univ., Baton Bouge 
Houeye, Miles, Box 566, Amite 
James, Charles B., 2533 Jessamine St., 
Baton Bouge 

Kuhnell, J. S., 7428 Freret St., New Or- 
leans 

McDaniels, Thomas M., Spring Creek 
Meade, E. L., 525 Government St., Baton 
Bouge 

Nolan, Donald J., Box 6406, La. State 
Univ., Baton Rouge 

Scott, G. W., Iberia Livestock Expt. Sta- 
tion, Joanerette 

Simon, Denis E., Jr., Box 6741, La. State 
Univ., Baton Bouge 3 

Walker, W. D., Jr., Box 8733, La. State 
Univ.. Baton Bouge 
West, Eric E., Lillie 
Wren, Marcus D., Jr., Route 5, Mindcn 


Members: Dorsey, L. M., Dairy Division, ITniv. of 

Dickey, Howard, Univ. of Maine, Oroiio Maine, Oroiio 

Rogers, L. A., Patten 


Maryland 


Members: 

Arbuckle, Wi S., Dairy Dept., Univ. of 
Md., College Park 

Babcock, C. J., 3705 Chevy Chase Lake Dr., 
Apt. 3, Chevy Chase 15 
Cairns, G. M., Dairy Dei)t., Univ. of Md., 
College Park 

Cary, C. A., 4605 Queensbury Bd., Biverdale 
Caskey, C. 1)., Jr., Southern States Coop., 
2101 E. Fort Ave., Baltimore 30 
Collier, Charles W., Indian Springs Farm, 
Darlington 

Converse, H. T., Beltsville 
Ellmore, Franklin, Dept, of Dairy Hus- 
bandry, Univ. of Md., College Park 
Ely, Bay E,, Bureau of Dairy Industry, 
Beltsville 

England, 0. W., 4408 Underwood St, 
Hyattsville 

Gifford, John, Box 889, Silver Spring 
Guok, D. P., Box 661, Frederick 


Hall, J. Oakley, Dairy Dept., Univ. of Md., 
College Park 

Haller, Harrison S., 28 Everett St, 
Kensington 

Hetziolos, B. C., Dept, of Dairy Hus- 
bandry, Univ. of Md., College Park 

Hilder, Robert A., Bureau of Dairy Indus- 
try, Agr. Rcsearcli Center, Beltsville 

Hodgson, R. E., 7006 Wake Forest Drive, 
College Park 

Jacobson, W. C., Bureau of Dairy Industry, 
U.S.D.A., Beltsville 

Kane, Edward A., ir.S.D.A., Beltsville 

Lang, Julius F., Kenncrsley Farms, Church 

mu 

Lescure, j. M., Fairfield Western Maryland 
Dairy, Linden Ave. & Dolphin St., Balti- 
more 3 

Lochry, H, B., Bureau of Dairy Industry, 
BeltsviUe Agr. Besearch Center, Beltsville 

Marty, Ivan H., Boom 902, Municipal 
Bldg., Baltimore 3 
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Matthews, Ohaeles A., XT. S. Bureau of 
Dairy Industry Station, National Agr. 
Beseareh Center, Beltsville 
McDonald, Charles S., 5614 Hamilton 
Manor Dr., Apt. 2, IlyattsviUe 
McElwbe, 201 Beynolds Ave., Hagerstown 
Mecham, C. Marion, 2503 Taylor Are., 
Baltimore 14 

Metcalt, Kenneth L., Box 459, Frederick 
Moore, L. A., Bureau of Dairy Industry, 
Beltsville 

Porterfield, Ralph A., Univ. of Md., Col- 
lege Park 

Potter, Frank E., 806 Easley St., Silver 
Spring 

Roberts, Henry E., Mt. Aarat Farms, Port 
Deposit 

Saarinen, Pellervo, IJniv. of Md., College 
Park 

ScHABiNQER, J. R., Ass’t. County Agent, 
Westminster 

Senoer, Marvin E., Dairy Dept., Univ. of 
Md., College Park 

Shaw, Joseph C., Dairy Dept., Univ. of 
Md., College Park 

Shepherd, J. B., 9628 49th Ave., BoruvTm 
Siegel, Maurice, 1403 Eutaw Place, Balti- 
more 17 

SiEGHUND, H. B., Hondler Creamery Co., 
1100 E. Baltimore St., Baltimore 2 
Stagg, a. M., 16 Willis St., Westminster 
Sykes, Joseph F., U.S,D.A., Bureau of 
Dairy Industry, Beltsville 
Thomas, J. William, Bureau of Dairy 
Industry, Beltsville 


Trebler, H. a., 14 E. Chase St., Baltimore 
2 

Warren, F. G., Dairy Husbandry Dept., 
Univ. of Md., College Park 

Weatherby, Edwin J., 8501 Greenwood 
Ave., Takoma Park 

Wii>soN, Logan T., Sherwood Feed Mills, 
Inc., 500 President St., Baltimore 

Student Affiliaies: 

Caruthers, Bruce E., 3608 Longfellow St., 
Wyattsville 

Chung, Anthony Chi Wu, 7509 Princeton 
Are., College Park 

Coleman, William B., 4302 Knox Bd., 
College Park 

Drawbridge, Robert Francis, 3308 40th 
Place, Colmar Manor 

Goete, Paul C., Box 2044, Univ. of Md., 
College Park 

Greenberg, Morton, 213 W. Madison St., 
Baltimore 1 

Hooker, Robert K., Box 4631, Univ. of Md., 
College Park 

Polite, Joseph G., Box 2614, Univ. of Md., 
College Park 

Richter, Lawrence, 8209 Wilson Ave., 
Baltimore 

ScHUTRUMPF, Robert J., VE 10-B, College 
Park 

Spencer, Charles, 3043 St. Paul St., Balti- 
more 18 

Spring, Arthur H., 7107 Chatham Rd., 
Chevy Chase 15 

Wachter, Eugene T., Route 3, Frederick 


Massachusetts 


Members: 

Abrahamson, Carl E., 45 Queen St., Frank- 
lin 

Archibald, John G., Dept, of Animal Hus- 
bandry, Mass. State College, Amherst 

Birdseye, Clarence, Eastern Point Blvd., 
Gloucester 

Burke, Edmund W., Lyndonville Credmery 
Ass’n., 86 Elm St., Watertown 

Campbell, P. A., Eastern States Fanners 
Exchange, West Springfield 

Fay, a. C,, H. P. Hood & Sons, 500 Ruther- 
ford Ave., Boston 

Finnegan, E. J., Dairy Dept., Univ. of 
Mass., Amherst 

Foley, Richard C., Stockbridge Hall, Univ, 
of Mass., Amherst 

Frandsen, j. H., Mass. State College, Am- 
herst 

Freeman, Stanley L., 419 Spring St., West 
Bridgewater 

Gaunt, Stanley N., Stockbridge Hall, 
Mass. State College, Amherst 

Guimond, Arthur C., 359 Robeson St., Fall 
River 

Hankinson, D. j.. Dept, of Dairy Industry, 
Univ. of Mass., Amherst 

Hawkins, V. M., Jr., 53 Pleasant St, 
Sharon 


Holmes, Arthur D., Univ. of Mass.. Am- 
herst 

Howard, Harlan A., 750 N. Pleasant St., 
Amherst 

Keith, Robert H., 75 Indian Hill Bd., 
Worcester 

Keller, D. S., 61 Ellington St., Long- 
meadow 

Lindquist, If. G., Dairy Industry Dept., 
Univ. of Mass., Amherst 
Lythgoe, Hermann C., 36 Fair Oaks Ave., 
Newtonville 60 

Marcus, Theodore, 577 * Blue Hill Ave., 
Roxbury 21 

Mueller, W. S., Dept, of Dairy Industry, 
Mass. State College, Amherst 
Nelson, D. H., Dairy Industry Dept., Mass. 

State College, Amherst 
Bice, V. A., Mass. State College, Amherst 
Selby, H. W., United Farms Corp., Cream- 
ery Ass *n., Charlestown 
Shrader, J. H., Eastern Nassarene College, 
Wollaston 

Sibley, John R., Spencer 
Smith, Albert W., United Dairy System, 
Springfield 

Smith, Chester G., Box 141, Hadl^ 
Stevens, Kenneth M., 121-123 Randolph 
St., N. Abington 
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Stitts, T. G., H. P. Hood & Sons, 500 
Btttherford Avo., Boston 29 

Toolet, Harry C., Health Dept., Pittsfield 

Utley, Samuel T., E, Washington Rd., 
Hinsdale 

Walts, Charles C., H. P. Hood & Sons, Re- 
search Dept., 56 Roland St., Boston 29 

Ward, Ruel E., Eastern States Farmers 
Exchange, West Springfield 

Watson, James G., New England Home- 
stead, Springfield 

Whitworth, John, 40 Garland St., Melrose 
76 

Wilde, H. G., Ilighlawn Farm, Lenox 

WHiLMANn, Alfred, 165 Clifton St., Bel- 
mont 

Wise, Robert, National Ice Cream Co., Tnc., 

166 London St., East Boston 28 

Student Agitates : 

Bassett, Emmett W., 925 N. Pleasant St,, 

N. Amherst 

Bemis, Ernest W., 86 W. Chestnut St., 
Brockton 69 

Blanchard, Philip J., Jr., 50 Hollywood 
St., Worcester 3 

Boyle, Richard S., 30 Maple Terrace, W. 
Springfield 

Brunell, Sydney, 389 N. Pleasant St., 
Amherst 

Cash, Clarence D., 39 Conway St., Grcen- 
fiohl 

Mexico 

Membent : x 

Carranceoo, Eduardo Garcia, CalJe Alamo 
40, Mexico D. F. 

Lynch, P. Campos, Niza 15, Mexico City 

Michioan 


Chin, Richard G. L., Pood Technology 
Dept., Univ. of Mass., Amherst 

Deary, Joseph, Box 274, Webster 

Gaffney, Michael C., 24 Cottage Park, 
Reading 

Johnson, Harry, Ridge Rd., Rutland 

Kaye, Arthur E., 35 Buchholz St., Spring- 
field 

Lanqevin, Herman E., 45 Old Sturbridge 
Rd., Southbridge 

Libbey, Leonard, 60 Townsend Rd., Bel- 
mont 

McCarthy, Jeremiah A., 159 (Calumet St., 
Boxbury 

Pelubo, Otis H., 20 W. Baltimore St., Apt. 
1, Lynn 

Perry, Rollin W., 74 Rand St., Revere 

Roney, David P., Jr., 13 Edrnands St., 
Bomervillc 

Salvie, Raymond A., 64 School St., Seekonk 

Smith, Clarence B., 375 N. Pleasant St., 
Amherst 

Stewart, Frank, 375 N. Pleasant St., Am- 
herst 

Sullivan, John F., 32 Clarendon St., North 
Andover 

Thayer, Paul E., Jr., 8 Strathmore Rd., 
Worcester 

Wrabel, Michael G., 61 Myrtle Ave., Web- 
ster 

Yaloff, Abraham S., 50 Hamilton Avc., 
Lynn 


Prichard, Arthur, Cremeria Americana 4a 
Marti res de la Conquista 92 y 94, Tacu- 
baya 


Members: 

Alger, Harry B., 19051 Dolores Ave., Birm- 
ingham 6 

Bailey, Herbert, The Whittin, Bums Drive, 
Detroit 14 

Balteer, a. C., Extension Dairyman, Dairy 
Dept., Mich. State College, E. Lansing 

Bechtel, II. Ernest, Box 68, North End 
Station, Detroit 2 

Bernhart, F. W., Wyeth, Inc., Mason 

Brunner, Robert, Dairy Dept., Mich. State 
College, E. Lansing 

Bryan, C. S., Surgery & Medicine Dept, 
Mich. State College, E. Lansing 

Bryant, C. B. A., Box 455, Montgomery 

Burlingame, M. M., 15261 Promenade Ave., 
Detroit 24 

Burns, Cupton W., Dairy Dept., Mich. 
State College, E. Lansing 

Christiansen, James B., Box 68, Borth 
End Station, Irfirro Research Farm, De- 
troit 2 

Cole, Clarence, 4151 McKay Rd., Borneo 

Cope, George, 2111 Riverside Dr., N. W., 
Grand Rapids 


Dando, Robert E., Box 54, Stephenson 
Dew, Paul R., 114 Buffalo St., Bad Axe 
Duncan, Clifford W., Dept of Agr. Chem- 
istry, Mich. State College, E. Lansing 
Dunn, J. A., Diamond Crystal Salt Co., St 
Clair 

Dunn, Kenneth M., Dairy Dept, Mich. 

State College, E. Lansing 
Ewbank, F. C., Mich. Milk Producers 
Ass ’n., Imlay City 

Fabian, F. W., Div. of Vet. Science. Mich. 

State College, E. Lansing 
Farrxll, a. W., Dept, of Agr. Engineering, 
Mich. State College, E. Lansing 
Girrbach, George, Boo Creamery, Sault St. 
Marie 

Hays, J. G,, 605 Butterfield Drive, B. 
Lausing 

Horwood, Russell E., Upper Peninsula 
Expt. Station, Chatham 
Huffman, Carl F., Dairy Dept, Mich. 

State College, E. Lansing 
Jensen, J. M., Dairy Dept, Mich. State 
College, E. liansing 

Johnson, Lawrence A., Dairy Dept., Mich, 
State College, E. Lan^g 
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Jones, V. B., Wyandotte Ohemicala Corp., 
Wyandotte 

Lewis, Bobsrt C., Dairy Dept., Mich. State 
College, E. Lansing 

Lucas, Paul S., Mich. State College, Dairy 
Dept., E. Lansing 

Lutz, William B., Upper Peninsula Expt. 
Station, Chatham 

MacLboi), Joseph W., Northland Dairy 
Division, General Poods Corp., Evart 
McMahon, Habbt, 8047 Hamilton Ave., 
Detroit 2 

McMillan, Donald T., 301 2nd St., E., 
Flint 3 

Meissr, Joseph C., Jb., Dairy Dept., Mich. 

State College, E. Lansing 
Meites, Joseph, Dept, of Physiology A 
Pharmacy, Mi^. State College, E. Lans- 
ing 

Minor, L. H., 3138 Birchwood, Trenton 
Mobley, Lewis W., Mich. Milk Prod. 

Ass’n., 406 Stephenson Bldg., Detroit 
Mubbay, D. L., Dairy Husbandry Dept., 
Mich. State College, £. Lansing 
Nelson, Ronald H., Dept, of Animal Hus- 
bandry, Mich. State College, E. Lansing 
Noblitt, C. 0., Box 55, College Station, 
Berrien Springs 

Parsons, George E., 202 Dairy Bldg., Mich. 

State College, E. Lansing 
Petrie, Ernest B., Lockshoro Farm, Hick- 
ory Comers 

Ralston, Noel, Dairy Dept., Mich. State 
College, E. Lansing 

Reineke, E. P., Dept, of Physiology A 
Pharmacy, Mi^. State College, E. Lans- 
ing 

Richards, W. F., Richards Dairy, 205 Brush 
St., St. Johns 

Roehm, L. S., Room 255, 47 Bldg., Dow 
Chemical Co., Midland 
Rogers, C. A., 8731 Witt St., Detroit 
Salsburt, R. L., 211 S. Sycamore, Lansing 
15 ' 

Seidel, C. J., 1838 McKinley Ave., Bay City 
Seidel, Martin, 403 E. John St., Bay City 
Smith, Wayne E., 701 Michigan Ave., 
Sturgis 

Snyder, W. W., Dairy Dept., Mich. State 
College, £. Lansing 

Stephenson, Robert, 994 61st St., S. E., 
Grand Rapids 8 

Stout, Robert E., 430 Cedar St., Sault St. 
Mario 

Strait, Howard, 501 Walker St., Sturgis 
Tbaver, Lester, 330 N, Sears St., Reed City 
Trout, G. Malcolm, Dairy Dept., Mich. 

State College, E. Lansing 
Ward, George M., Dairy Dept., Mich. State 
College, E. Lansing 

Weaver, Earl, Dairy Dept., Mich. State 
College, E. Lansing 

Weber, Dale K., Box 2007, Mich. Ave. 
Station, Lansing 11 


Student Affiliates: 

Allen, Lowell, Dairy Dept., Mich. State 
College, E. Lansing 

Asselin, Virgil F., Jr., 602 Saginaw St., 
Norway 

Baogins, Charles, Dairy Dept., Mich. State 
College, E. Lansing 

Birchman, Owen R., 13653 Ward Ave., 
Detroit 27 

Blackford, Carl L., Dairy Dept, Mich. 

State College, E. Lansing 
Blackford, Kenneth, Dairy Dept., Mich. 

State College, E. Iiansing 
Brinks, Kenneth, Dairy Dept., Mich. State 
College, E. Lansing 

Chance, Charles M., Dairy Dept., Mich. 

State College, E. Lansing 
Cbuan, C. K., Dairy Dept., Mich. State Col- 
lege, E. Lansing 

Clay, Virgil, Dairy Dept, Mich. State Col- 
lege, E. Lansing 

Cleland, Stanley, Dairy Dept., Mich. State 
College, E. lionsing 

Eskin, Marvain, Dairy Dept, Mich. State 
College, £. Lansing 

Flipse, ]^bert, Dairy Dept, Mich. State 
College, E. Lansing 

Freeman, George A., Dairy Dept., Mich, 
State College, E. Ijansing 
Freeman, George J., Dairy Dept., Mich. 

State College, E. Lansing 
Freiben, Alfred J., Dairy Dept., Mich. 

State College, E. Lansing 
Hatfield, Robert, Dairy Dept., Mich. State 
College, E. Lansing 

Hershberger, Russell C., 325 S. Sheldon 
St., Charlotte 

Johnson, F. E., Dairy Dept., Mich. State 
College, E. Lansing 

Juengel, Allen Verne, Dairy Dept., Mich. 

State College, E. Lansing 
Kim, Sung Sun, Dairy Dept., Mich, State 
College, E. Lansing 

Knupp, Richard, Dairy Dept., Mich. State 
College, E. Lansing 

Longhenry, George, 311 N. Nottawa St., 
Sturgis 

Madrinan, Ramiro, Dairy Dept., Mich. 

State College, E. Lansing 
McClellan, Elmer, Dairy Dept., Mich. 

State College, E. Jjansing 
Newlin, Robert, Dairy Dept., Mich. State 
College, £. Lansing 

Seeley, William, Dairy Dept., Mich. State 
College, E. Lansing 

Seibert, Wiluam, Dairy Dept., Mich. State 
College, E. Lansing 

Smith, Willis E., Dairy Dept., TAith. State 
College, E. Lansing 

Starks, Jack, Dai^ Dept., Mich. State 
College, E. Lansing 

Weinstein, Bernard, Dairy Dept., Mich. 
State College, E. Lansing 
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WiLKOWSKE, Bogeb, Dairy Dept., Mich. Zubakowski, Walteb, Dairy Dept., Mich. 

State College, E. Lansing State College, E. Lansing 

Yokuh, Arthub, Dairy Dept., Mich. State 
College, E. Lansing 

Minnesota 


Mmhers: 

Ahlsteand, E. B., 5607 Cambridge St, 
Minneapolis 

Allquist, John E., 621 Case Ave., St. Paul 
Astboth, Prank B., 1453 Hythe St, St 
Paul 8 

Babkeb, E. M., Bochester, Dairy Co., Boch* 
ester 

Babnes, John C., 302 E. Alcott Ave., Fer- 
gus Falls 

Babtle, Ervin, 4517 Washburn Ave., S., 
Minneapolis 

Bonney, Bichard, 507 S. Cleveland Ave., 
St. Paul 4 

Bosworth, Grover, St. Michael 
Carlson, D. T., Willmar 
Clark, Donald M., Twin City Milk Prod. 
Assoc., 1001 Glenwood Ave., N., Minne- 
apolis 

Combs, W. B., Dairy Div., University Farm, 
St. Paul 8 

Conner, J. K., Lakeville Creamery Co., 
Lakeville 

Coulter, S. T., University Farm, St. Paul 
Farrar, Robert B., Boute 8, St Paul 10 
Fine, N. C., Animal Husbandry Div., Uni- 
versity Farm, St. Paul 
Pitch, J. B., Dept, of Dairy Husbandry, 
University Farm, St' Paul 8 
POURNELLE, H. J., 106 N. Smith Ave., Apt 
340, St. Paul 2 

Fredkkioksen, F. M., 222 3rd St, N.E., 
Faribault 

Geiger, Kobert, 2274 W. Como Ave., St. 
Paul 8 

Gilmore, John, Land O ’Lakes Farm, B, D, 
3, Anoka 

Graf, G. C., Dairv Dept., University Farm, 
Bt, Paul 

Gullickson, T. W., University Farm, St 
Paul 8 

Halverson, Balph, Mora 
Hankinson, Cloyce Ti., North American 
Creameries, Inc,, Paynesville 
Hanson, Clements C., Bamum Creamery 
Go., Bamum 

Hanson, Raymond L., 2082 Como Ave., 
Apt. 7, St. Paul 

Haeland, Herbert A., Div. of Dairy Hus- 
bandry, University Farm, St. Paul 8 
Hawkins, Orville J., 2274 Como Ave., St 
Paul 8 , , 

Healt, Henry A., Dairy Products Lab., 
2244 Carter Ave., St Paul 8 
Hibvet, Marshall C., Div. of Dairy Hus- 
bandry, University Farm, St Paul 8 
Hodgson, B. E., Waseca 
JSNNRSS, Bobebt, Univ. of Minn., Div. of 
Agr. Bloohemistiy, University Farm, St. 
Paul 8 


Jezeski, James, J,, Dept of Dairy Hus- 
bandry, Univ. of Minn., St Paul 
Johnson, O. C., 515 State Offtce Bldg., 
Dairy & Food Dept., St. Paul 1 
Ketcham, Wesley J., 1125 9i Ave. S. E., 
Bochester 

Kohler, Henry, 411 Banning Ave., White 
Bear Lake 

Larson, Bruce L., Dept, of Agr. Biochem- 
istry, University Farm, St. Paul 
Larson, Gilbert O., 1407 Bandolph St., St. 
Paul 

Leighton, Bamer, University Farm, St. 
Paul 8 

Lonsdale, Bichard E., 3750 N. E. 5th St., 
Minneapolis 

Macy, Harold, Div. of Dairy Husbandry, 
University Farm, St. Paul 8 
Mattson, Carl H., 5720 Pillsbury Ave., 
Minneapolis 

Mattson, H. A., Box 145, Minneapolis 
Meyer, Cliftord H., Wayzata 
Miller, Kenneth P., Univ. of Minn., 
Grand Bapids 

Miller, Wallace, New Prague 
Moden, Gilmer, 305 Sheridan St., Albert 
Lea 

Nelson, H. Godfrey, Div. of Public Health, 
401 City Hall, Minneapolis 15 
Nelson, ,T. Wesley, 200 Grain Exchange 
Bldg., Minneapolis 15 
Nupson, H. N., Bedwood Falls 
Olson, Frx)YD C., 435 S. Broadway, Still- 
water 

Olson, Joseph C., Jr., Dept of Dairy 
Bact., University Farm, St. Paul 8 
Petersen, W. E., University Farm, Dairy 
Dept., St. Paul 8 

Pfeifer, George B., 4800 Emerson Ave. S., 
Minneapolis 9 

ScARR, David N., West Concord 
Searles, H. B., Agr. Extension Div., Uni- 
versity Farm, St. Paul 8 
Seath, R. W., 104 E. University St., Owa- 
toiina 

SiPiORA, Julian E., Kraft Foods Co., 100 
N. 7th St., Minneapolis 
SjowaijL, Alfred L., Maple Island Farm, 
Inc., 219 N. Main St., Stillwater 
Sorensen, C. M., 752 Vandalia St., St. Paul 
4 

Sorensen, Franklin li., Jr., 1967 Grand 
Ave., Apt. 203, St. Paul 
Thoele, Howard W., 1309 E. 4th St., St. 
Paul 

Thomas, Elmer, Div. of Dairy Husbandry, 
University Farm, St. Paul 8 
Tjosvold, Dale, 3204 Minnehaha Ave., 
Minneapolis 

Tbyggeseth, O. a., 4239 31 Ave. 8., Minne- 
apolis 6 
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Vacha, G. a., Boom 537, State Office Bldg., 
St. Paul 1 

Wahenaak, Raphael, Div. of Dairy Hus- 
bandry, University Farm, St. Paul 1 
Wayne, Ralph W., 2160 Carter Ave., St. 
Paul 8 

Weimar, A. C., 4945 Colfax S., Minneapolis 
Wells, Claude B., Jb., 618 8rd St. S. W., 
Rochester 

Wilson, John L., Economics Lab., Inc., 
914 Guardian Bldg., St. Paul 1 
Young, Donald E., 4924 4th Ave. S., Minne- 
apolis 9 

Student Affiliates: 

'IBoatman, Peter T., 1431 Buchanan St. 

N. E., Minneapolis 13 
Burtness, Einab R., Route 1, Caldonia 
Erickson, Wallace, Route 1, Box 98, Rush 
City 

Goni, S. K., Div. of Dairy Husbandry, Uni- 
versity Farm, St. Paul 1 
Grant, Ralph S., MUle Lacs County Ex- 
tension Service, Milaca 
Hartley, Clell, Div. of Dairy Husbandry, 
University Farm, St. Paul 1 
Hedlund, Louis v., 2060 Carter Ave,, St. 
Paul 

Hill, Donald L., Div. of Dairy Husbandry, 
University Farm, St. Paul 1 
Hoqlund, Harold, 576 Cromwell Ave., St. 
Paul 4 

Helkar, C. N., Div. of Dairy Husbandry, 
University Farm, St. Paul 
Kubicbk, Quentin Waseca 
Lauohlin, Lawrence R., Box 409, Cam- 
bridge 

Leap, Robert, Apples Acres Farm, Route 
#3, Hastings 


Li, Lawrence, Div, of Dairy Husbandry, 
University Farm, St. Paul 
McCormick, Patrick, 2160 Berkeley St., 
St. Paul 

Mix, Lew S^ Div. of Dairy Husbandry, 
University Farm, St. Paul 
Morris, Howard A., Div. of Dairy Hus- 
bandry, University Farm, St. Paul 
Nelson, Harvard G., Div. of Dairy Hus- 
bandry, University Farm, St. Paul 
Nickerson, Thomas A., Div. of Dairy Hus- 
bandry, tlniv. of Minnesota, St. Paul 
Nielsen, Arthur J., 1388 Grand Ave., St. 
Paul 5 

Obernolte, Dean, McGregor 
Olson, Arden D., 2321 Priscilla St., St. 
Paul 

Goto, Raymond G., 2848 Buford, St. Paul 
Reger, Bernard G., Fergus Dairy Coop., 
Fergus Falls 

Reger, Joseph V., 921 Hoyt, St. Paul 
Reinarz, Russell B., 3138 Cedar Ave. S., 
Minneapolis 7 

Rudnick, Arthur W., Jr., Div. of Dairy 
Husbandry, University Farm, St, Paul 
Simonson, Lawrence R., 2147 B, Univer- 
sity Village, St. Paul 

Stone, Harold, 1307 Chelmsford St., St. 
Paul 8 

Stone, Paul, 187 Arthur Ave. S. E., Minne- 
apolis 14 

Valo, George, 2379 Bourne Ave., St. Paul 8 
Wegener, L. W., School of Agr., Univor 
sity Farm, St. Paul 
Young, Guy B., Marshall 
Yoitng, Robert, Canton 
Zeller, Roland, 2137 F Hoyt Ave., Uni- 
versity Grove E., St. Paul 8 


Mississippi 


Members : 

Brackett, Charles E., Newton 
Connelly, H. M., Box 549, Columbus 
Cowsert, W. C., Box 452, State College 
Cunningham, Robert C., 402 S. Montgom- 
ery St., Starkville 

Fletcher, Lane, Animal Husbandry Dept., 
Miss. State College, State College 
Herzbr, F. H., Dept, of Dairying, Miss. 

State College, State College 
Higgins, L. A., Starkville 
Honer, Clem, Dairy Dept., State College 


Lusk, John W., Box 342, State College 
Mitchell, S. B., Houston 
Walker, ,T. C., Walker Farms, Stoneville 
Waters, Richard E., Starkville 

Student AlfUiates: 

Daley, Charles B., Box 302, State College 
Davis, Marvin E., Box 1199, State College 
Flynt, William C., Box 421, State College 
Worthington, Glenn A., Route 4, Box 96, 
Jackson 


Missouri 


Members : 

Anderson, J. A., 901 S. Rogers St., Spring- 
field 

Brody, Samuel, Dairy Dept., Univ. of Mo., 
Columbia 

Caine, Richard, Producer's Creamery, Mo- 
nett 

Cassidy, B. J., 3110 Gillham Bd., Kansas 
City 3 

Cloninger, William H., Extension Dairy- 
man, Eckles Hall, Columbia 


Davis, Glenn, Route 6, Columbia 
Dew, George, 4461 Raytown Bd., Kansas 
City 3 

DiOKpsON, G. E., Animal Husbandry Dept., 
Univ. of Mo., 211 S. Schweitzer Hall, 
Columbia 

Edwards, Fred, Producers Creamery Co., 
Cabool 

Fenner, George H., Western Dairy A Ice 
Cream Co., 218 S. 6th St., St. Joseph 
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FerraeZj Nicolas, Jr., 5800 Pcrsliing Ave., 
Bt. Louis 12 

Gehuke, Charles W., Dept, of Agr. Chem- 
istry, llniv. of Mo., Columbia 
Gholson, James II., ]03 Ecklcs Hall, Univ. 
of Mo., Columbia 

Graham, W. B., Jr., Cerophyl Lab., Ine., 
P. 0. Box 366, Kansas City 30 
Harris, Bahsom C., Boatriee Creamery Co., 
Main & Jule.s Sts., St. Joseph 
Heinemann, Bl'RDET, Produc-ers Creamery 
Co., P. 0, Box 1427, S. S. Station, Spring- 
field 

Henry, Vance, 817 College Ave., Columbia 
Herman, Harry A., Dept, of Dairy Hus- 
bandry, College of Agr., Columbia 
Hunt, Lesuk L., Pet Milk Company, 1401 
Arcade Bldg., St. Louis 1 
ITSCIINER, E. T., Eckles Hall, Univ. of Mo., 
Columbia 

Johnston, Harvey L., Route 1, Golden 
City 

Kjrlkr, H. If., Dairy Dept., 208 Eekles 
Hall, Univ. of Mo., Columbia 
Knudsen, Edwin, 814 E. 8th St, Trenton 
Kociter, Daniel S., Aincs Farm Dairy, 
3130 Gillhain Kd., Kansas City 
Kumar \N, J. D. S., Dairy Dept., Eekles 
Hall, Univ. of Mo., Columbia 
L^TZER, Bobkrt L., 1401 Arcade Bldg., St 
Louis 1 

Leauii, Corl a., Miller Bldg., Sth & Broad- 
wav, Columbia 

Lide, B. M., Jn., 2001 (’best nut St., St. 
Tioul.s 3 

M<»k<!AN, Boy, Country Club Dairy Co,, 6633 
Troost Ave.. Kansas City 
Powell, K. B., Research Farm, Ralston 
Purina (Vi., 836 S. Sth St., St. Louis 2 
Quigley, J. V., (3iapman Dairy Prod., 1217 
Harrison St., Kansas CMty 10 
Ragsdvle., a. (\, Eekles Hall, Univ. of Mo., 
(kdunibia 

Regan, M. J., Dairy Dept., Univ. of Mo., 
Coliunl»ia 

Rr.ii), William H. E., Dept, of Dairy Hus- 
bandry, Univ. of Mo., (Vilumbia 
StaI/Luuu, Odip: Talmaihie, 225 Eckles Hall, 
Columbia 

Stephens, A. F., 4029 McPherson, St. Louis 
Thompson, J. C., Ralston Punua Co., 835 
S. Sth St., St Louis 2 


Turner, Charles W., Dept of Dairy Hua- 
bandry, Univ. of Mo., Columbia 
Varney, Bruce, 328 Board of Trade Bldg., 
327 W. 10th St., Kansas City 6 
Wear, John M., Jr., Purina Research Farm, 
Gray Summit 

Student Affiliates: 

Agee, Calvin B., 3028 LocAist St., St. Louis 
3 

Anderson, Donald, 201 Eekles Hall, Co- 
lumbia 

Bassnett, Robert, 123 Eckles Hall, Co- 
lumbia 

Blattner, Robert, Route 1, Columbia 
Cobble, James, 127 Eckles Hall, Columbia 
Conrad, A. B., 800 (Jollogo Ave., Columbia 
Day, John P., 216 N. Moffet Ave., Joplin 
Dickenshf:et, Maurice, 814 Virginia Ave., 
Columbia 

Edmondson, Justus H., 127 Eekles Hall, 
Columl)ia 

Hart, WALL.\rK, Box 594, (Columbia 
Hartley, J. L., 1 Observatory Hill, Co- 
lumbia 

K\mal, Syed, 214 Eckles Hall, Columbia 
Kaupfman, Eugene, 307 College, Columbia 
Laben, Robert C., 127 Eekles Hall, Co- 
lumbia 

Merkiuth, Willi H., 1607 Bonchelle, Co- 
lumbia 

Merilan, Charles P.. 201 Eckles Hall, Co- 
lumbia 

Monroe, Robert A., 23 7 Eckles Hall, Co- 
lumbia 

Pipes, Gayle W., 217 Eckles Hall, Colnm- 
bia 

Porter, Ver.von L., 61 K. Park St., Cape 
Girardeau 

PuKSLEY, Glen, 201 Eckles Hall, Columbia 
Rf.utor, Glkn, R. D. 1, Rush Hill 
Risk, Mmuox A., G07 W. Ash, Columbia 
Roark, Donald B., 225 Eckles H.alJ, Co- 
lumbia 

SnnviNKE, Aklen, 802 Virginia, Columbia 
Tvllman, Kenneth L., 223 Eckles Hall, 
Columbia 

Wall, ("hester, 1516 Ross, Coluinhia 
Wakdlow, Victor, 3104 Beaton Blvd., K.'ui- 
sas City 

AVeber, Gilbert, 720 Missouri. Columbia 
Weeth, Howard, 201 Eckle.s Hall, Columbia 


Montana 


embers: 

Bratton, Edw^ard, Ronan 

Brence, John L., Dept, of Dairy Industry, 
Bozeman 

Goble, Harold, Jersey Dairy, Bozeman 
. Harkisbergkr, Warren, P. 0. Box 1381, 
Great Falls 

Keyes, Everett A., Dept, of Dairy Tndu.s- 
try, Mont. Stale College, Bozeman 

Kopland, D. V., Huntley Field Station, 
Huntley 

MacIvbr, Kenneth S., 402 West Cleve- 
land, Bozeman 


Mitchell, Fergus 0., Ayrshire Dairy, Great 
Falla ■ ' 

NeIaSON, j. a.. Dept, of Dairy Industry, 
Mont. State College, Bozeman 
Boskneau, Fred, 425 Ist Ave. S.W., Great 
Falls 

Slack, Ransom 0., Gold Medal Dairies, 
Missoula 

Tretsyen, j. O., Dairy Specialist, Mont. 
State College, Bozeman 
Student Affiliates: 

Bratton, Donald, Dairy Industry Dept., 
Mont. State College, Bozeman 
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Burgsb, Makis, Dairy Industry Dept., Mont. 

State College, Boaeman 
Clark, Balfh, Dairy Industry Dept., Mont. 

State Collegfe, Bozeman 
Cbunbakeb, Howard, Dairy Industry Dept., 
Mont. State College, Bozeman 
Gander, J. W,, Dairy Industry Dept., Mont. 

State College, Bozeman 
Hawkins, W. W., Jr., Dairy Industry 
Dept., Mont. State College, Bozeman 
Huang, W. Y., Dairy Industry Dept., Mont. 

State College, Bozeman 
McHugh, E. P., Dairy Industry Dept., 
Mont. State College, Bozeman 


McMurrat, J. a., Dai^ Industry Dept., 
Mont. State College, Bozeman 
Nelson, J. H., 1110 S. 6th, Bozeman 
Peace, Earl, Dairy Industry Dept., Mont. 

State College, Bozeman 
Behbero, Wallace, Dairy Industry Dept., 
Mont. State College, Bozeman 
Smith, Ervin, Dairy Industry Dept., Mont. 

State College, Bozeman 
Stocking, John A., Bural Boute, Huntley 
Turner, Gordon, Dairy Industry Dept., 
Mont. State College, Bozeman 


Nebraska 


Members: 

Crowe, L. K., Dairy Husbandry Dept., 
Univ. of Neb., Lincoln 
Davis, H. P., Dairy Dept., College of Agr., 
Lincoln 

Day, B. E., Allied Mills, Inc., Omaha 
Deane, Darrell D., Dept, of Dairy Hus- 
bandry, Univ. of Neb., Lincoln 
Downs, P. A., Dept, of Dairy Husbandry, 
Univ. of Neb., Lincoln 
Farr, B. H., 5636 Oak St., Omaha 
Fossland, Bobert G., Dairy Husbandry 
Dept., Univ. of Neb., Lincoln 
Gerrish, F. S., 609 Bedick To\7er, Omaha 2 
Hathaway, Irwin L., Dept, of Dairy Hus- 
bandry, Univ. of Neb., Lincoln 
Howe, D. K., Fairmont Foods Co., Omaha 


Nibler, C. W., Dairy Bldg., College of Agr., 
Lincoln 

Bumery, Myron, Univ. of Neb. Expt. Sta- 
tion, North Platt 

Sanders, Chris H., Univ. of Neb., Dairy 
Dept., Lincoln 

ScHULTZE, Andrew B., Dept, of Dairy Hus- 
bandry, Univ. of Neb., Lincoln 

Templeton, Hugh L., 6125 Florence Blvd., 
Omaha 11 

Wasson, Abell J., 2413 Leavenworth St., 
Omaha 

Stttdent Affiliates: 

Baker, Forest, 1221 N. 37th St., Lincoln 

Cole, Phillip, 3905 Dudley St., Lincoln 


Nevada 


Members: 

Headley, F. B., Dept of Farm Div., Univ. 
of Nev., Beno 


New Hampshire 


Members: 

Amodon, Winthrop B., c/o H.H.B.A., Bte. 
4, Concord 

Beautss, Louis J., B* If West Cana9.n 
Boynton, Hilton, Extension DairyinRn, 
Univ. of N. H., Durham 
Cummings, C. M., American Guernsey Cat- 
tle Club, Peterborough 
Farrar, Prescott S., Div. of Food & Chem- 
istry, State Dept, of Health, Concord 


Keener, Harry A., Dwt. of Dairy Hus- 
bandry, Univ. of N. H., Durham 
Moore, H. C., Dairy Dept., Univ. of N. H., 
Durham 

Morrow, K, 8 ., Dairy Husbandry Dept., 
Univ. of N. H., Durham 
Olsson, G. B., Dairy Dept., Univ. of N. H., 
Durham 

Pike, Adna B., Dept, of Agr., Concord 


New Jersey 


Members: 

Bartlett, J. W., Dairy Dept., N. J. Agr. 

College, New Brunswick 
Bauernfeind, j. C., Hoifman-La Boche, 
Inc., Nutley 10 

Becker, Henry, Livingston Ave., Boseland 
Bender, Carl B., Dept, of Dairy Hus- 
bandly, N. J. Agr. Expt. Station, New 
Brunswick 

Bebggren, Buth E. L., Kind A Knox Gela- 
tin Co., Head of No. 5th St., Camden 
Bxrunbb, Victor B., Ortho Pharmaceutical 
Corp., Baritan 


Bishop, John V., Columbus 
Borowbky, Harry H., Onyx Oil & Chem- 
ical Co., Warren and Morris St., Jersey 
City 

Bryan, John S., c/o Walker-Gordon Lab- 
oratory Co., Plainsboro 
Clark, Bobert I., Apt. 2B-30A, Meadow- 
brook Village, Plainfield 
Cochran, Bighard F., 560 Goi&e Bd., 
Wyckolf 

Conn, Balph I., 4 Carpenter Terrace, Belle- 
ville 
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Doughty, Bichaed S., 34 Hillside Ave., 
Chatham 

Francisco, Carl, c/o Middlebrook Farm, 
Boute 1, Asbury Park 
Qabey, Cobby C., Jb., Dairy Besearch Sta- 
tion, Sussex 

Green, D. F., 125 Thomas St,, Cranford 
Hxbbold, John, Library, National Oil 
Products Co., Harrison 
Johnston, James E., Dairy Besearch Farm, 
Sussex 

Keeney, Mark H., Cedar Grove 
Kolesoff, Valetian F., B. D. 1, Farm- 
ingdale 

Leab, Samuel A., Dairy Husbandry Dept., 
Butgers Univ., New Brunswick 
Leedeb, Joseph, Dept, of Dairy Industry, 
Butgers Univ., New Brunswick 
Levowitz, David, N. J. Dairy Lab., 226 
Eastern Ave., New Brunswick 
Little, Lawrence, E. F. Drew & Co., Inc., 
416 Division St., Boonton 
Mather, B. E., Dairy Besearch Station, 
Sussex 

McCan, J. C., 246 Grant Ave., Highland 
Park 

Mixner, John P., Dairy Besearch Station, 
Sussex 

Moss, J. B., 709 Mountain Ave., Westfield 
Nair, John H., Continental Foods, Inc., 
Hoboken 

Perry, E. J., N. J. Agr. College, New 
Brunswick 

PFAU, Karl O., Dairy Research Station, 
Sussex 

Beece, Ralph P., Dept, of Dairj^ Hus- 
bandr)% N. J. Agr. Expt. Station, New 
Brunswick 

ScHEiDENHELM, E. C., Dairy Dept., Rutgers 
Univ., New Brunswick 
Shu art, Edmund C., N. J. Agr. Expt. Sta- 
tion, Sussex 


Titus, Harry W., Lime Crest Besearch 
Laboratory, B. D. 1, Newton 
Trbguetha, James D., Newark Milk & 
Cream Co., 26 Bridge St., Newark 
Vahlteich, H. W., Best Foods Co., 99 
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dusky 

Sewell, W. E., The Procter A Gamble Co., 
M.A. & R. Bldg., Ivorydale 17 
Shaper, Reed, Box 132, Greenville 
Shelton, Elbert M., 4614 Prospect Ave., 
Cleveland 3 

Slatter, Walter L., Dept, of Dairy Tech- 
nology, Ohio State Univ., Columbus 30 
Smith, Duke L., 1320 Linda St., Rocky 
River 16 

Smith, James T., 31ox 5587, Cleveland 1 
Sprague, A. L., Jackson Center Creamery, 
Jackson Center 

Starbuck, Raymond R., Plumb Hall, Ohio 
State Univ., Columbus 10 
Steiner, John, Akron Pure Milk Co., Akron 
Stevens, Sue Cassell, 1033 Salem Ave., 
Dayton 6 

Stiver, Hugh F., R. D. 2, Lewisburg 
Stuckeman, Howard W., Box 164, Kins- 
man 

Sutermeister, L. a., Borden’s Finch 
Farms, 239 E. 6th St., Dayton 
Sutton, T. S^ Dept, of Agr. Chemistry, 
Townshend Hall, Ohio State Univ., Co- 
lumbus 10 

Swinbhart, Michael F., 160 N. Lisbon St., 
Carrollton 

Thomas, Robert C., U. S. Public Health 
Service, Kroger Bldg., Cincinnati 2 
Titus, R. W., Control Lab., Nestles Milk 
Products, Marysville 
Tucker, Hubert, Worthington 
Tucker, Walter S., 5016 Monroe St., Box 
129, Station B, Toledo 
Van Buren, Ralph, 16 Boehler St., Tiffin 
Voeller, EARii H., Plumb Hall, Ohio State 
Univ., Columbus 10 

Vboman, V. S., Defiance Milk Products Co., 
Defiance 

Wagner, William, Canal Fulton 
Way, H. O., 2403 Prospect Ave., ("Ileve- 
land 15 

Wehr, C. G., 725 East Ave., Hamilton 
Weiser, Harry H., Dept, of Bact., Ohio 
State Univ., Columbus 10 
Wickham, J. C., 4227 W. 36th St., Cleve- 
land 

WiEDEMER, Arthur, 201 Euclid Ave., Green- 
ville 

Wilbon, Horace K., 330 E. Paint St., 
Washington C.H. 

WiscHHUSEN, J. F., 16031 Shore Acres Dr., 
Cleveland 10 

WOEBKENBERT, Norbert H., 1628 Rose PI., 
Cineinnati 29 

WOODYARD, W. 0., Cudahy Packing Co., 
Washington G.H. ^ 

Student Affiltates: 

Abell, Carl T., 154 S, Woodruff, Columbus 
Antbl, Richard K., 2625 Euclid Hts. Blvd., 
Cleveland 6 
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Aroeeos, John, Boom 106 Bivor Bd. Dorms, 
Columbus 

Baldwin, Charles S., 868 Dennison Ave., 
Columbus 

Bauman, Warren, 3 14th Ave., Columbus 
Baxter, Bichard C., 333 W. 5th St., 
Delphos 

Beardsley, John E., 2208 Indiana Ave., 
Columbus 

Beery, Carl, B. D. 1, Lancaster 
Bender, Boland D., 87 W. Northuvood, 
Columbus 

Benson, Kirk, 123 Selby Blvd., Worth- 
in^on 

Betzel, Fred, 290 Garden Bd., Columbus 
Hotsch, B. M., R.1). 2, Grafton 
Bricker, Duane, B. D. 3, Massillon 
Brown, Kenneth, Cristdale Farm, Route 2, 
Loudonville 

Bundus, Robert, 2005 Summit St., Colum- 
bus 

Buskenmeyer, Dale F., Route 3, Box 32, 
Swanton 

Carson, Herman, 1957 Indianola Ave., 
Columbus 

Chapman, George A., 60 E. Lane Ave., 
Columbus 

Clay, Fred, 1478 N. 5th St., Columlms 
Clayton, Keith, 1831 N. 4th St., Columbus 
Coffman, Fred E,, R. D. 1, Germantown 
Connelly, Robert M., 27 Boulevard, Shelby 
Conrad, Harry B., Dairy Husbandry Dept., 
Ohio State Univ., Columbus 10 
Cooper, Paul, 33 14th Ave., Columbus 
Cope, Howard D., 429 McKinley Ave., 
Crooksvillo ^ 

Crecelius, Bob, Allen Hotel, Bellevue 
Culp, William R., 606^ Monroe St., Mar- 
tins Ferry 

Curtis, Virgil, 287 E. Tulane Bd., Colum- 
bus 

Davis, Charles, 260 8. Knox Bd., Apt. D, 
Columbus 

Davis, Howard E., 23 Chittenden Ave., 
Columbus 

DkBrosse, a. C., P. O. Box, University Sta- 
tion, Columbus 

Dentner, Richard, 334 N. Burgess Ave,, 
Columbus 

Dietrich, John P., 5019 N. High St., 
Columbus 

Dudley, David, 1772 W. Ist Ave., Columbus 
Duling, WiLMAM, Route 4, Cosbocton 
Ebert, Edward, B. D. 1, Lockbourno 
Ebert, William, 740 Kimball PI., Columbus 
Eltzroth, Earl, 1957 Indianola Ave., 
Columbus 

Ezell, Miles, 1373 E. Hudson St., Colum- 
bus 

Fabibon, Richard B., Box 29, McClure 
Fechheimeb, Nathan, Hopewell Bd., Mont< 
gomery 

Fischer, Jessie, Baker Hall, Box 219, Ohio 
State Univ,, Columbus 10 
Flanagan, Paul, 141 13th Ave., Columbus 
Fogg, Donald E., Court House, Lancaster 
P08Ti», Dean, B. D. 8, London 


Fowler, William. 609 Spruce St., Caldwell 
Fox, Cabmen, B, F. D. 1, Seville 
Fox, KENNF.TH, 171 E. Northwood, Colum- 
bus 

Fberiks, James H., 341 W. 6th Ave., Co- 
lumbus 

Garman, Walter, 25 W. Frambes Ave., Co- 
lumbus 

Gephart, William A., 1339 Ducksberry 
Ave., Columbus 

Gifford, Myron, R. D. 1, Galena 
Glass, Dale, 3377 Kenny Bd., Columbus 
Goedde, Gerald H., 1918 Indianola Ave., 
Columbus 

Guider, Donald, 64 W. Duncan St., Colum- 
bus 

Harper, W. James, Dairy Dept., Ohio State 
Univ., Columbus 

Harpbter, Robert, R. D. 1, Jeromesville 
Hartt^ey, Richard, Dairy Technology Dept., 
Oliio State Univ., Columbus 10 
Hawk, George E., 611A Hess Bd., Colum- 
bus 10 

Hawthorne, Morris, 326 Chittendim Ave., 
Columbus 

Hopins, Donald, Ohio Club, Stadium Dorm, 
Ohio State Univ., Columbus 1 
Hoover, A. S., 461 E. Sandusky St., Findlay 
Hoover, B. J., 2656 Tremont Bd., Columbus 
Howe, Do.vald, 2097 Summit St., Columbus 
Johnson, Henry R., 550 W. Ontario, Lima 
Jones. David, Route 1, Delaware 
Joyce, John B., Jr., 332 Westland Ave., Co- 
lumbus 9 

Kagy, Donald, 12S0 Neil Ave., Columbus 
Kensinger, William S., B. D. 2, Greenfield 
Kishman, George, 385 E, Tulane Bd., Co- 
lumbus 

Kohl, N. D., 430 N. Clairmont Ave., 
Springfield 

Kohlmobqan, Elmer, 1825 Atlantic St. 
N.E., Warren 

Koval, Frank, 70 E. 18th Ave., Columbus 
Ladback, Eugene, 427 W. Elm St., Wash- 
ington C.H. 

Laishley, P, L., Martin Bldg., Crestline 
Lange, Donald, Box 169, Washington C.H. 
Loo, Ching Chee, 1020 River Bd. Dorm, Co- 
lumbus 10 

LOWF.B, Gene, 12 University Place, Colum- 
bus 1 

Lutz, Harry C., 805 N. Market St., Troy 
Masbie, John W., 175 E. 13th Ave., Colum- 
bus 

McKelvey, Paul L., 4480 Lincoln Ave., 
Shadyside 

Milford, William Dean, 70 End St., Bitt- 
man 

Moore, W’ilbur V., Pleasant City 
Muborave, Donald K., W^harton 
Nadal, R. A., Central YMCA, Columbus 
Neel, Lawrence, Jr., 510 N. Main St., Orr- 
villo 

Neuhardt, Vernon A., B. D. 2, Lewisville 
Oberschlake, Dwight, Hamorsville 
Owen, Gene, River Bd. Dorms, Columbus 
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Panigot, Euoinb> 180 Brady Circle, Steu- 
benville 

Paulin, Marvin E., B. D. 2, New Paris 
Peterson, Eayscond D., 504 Gallia St., Apt. 
D, Columbus 

Poplin, Parry M., 86 W. Main St., Carroll- 
ton 

Purdy, Clyde L., Killbuek 
Benner, Kenneth B., Dairy Technology 
Dept., Ohio State Univ., Columbus 10 
Bevelob, George J., 114 Harrison St., Mid- 
dletown 

Rhodes, Jauss A., Jr., B. D. 2, Salem 
Richmond, Robert N., B. F. D., Huntsburg 
Rickard, Herman, B. D. 3, Albany 
Biddle, Paul, 8005 W. Broad St., Galloway 
Bienke, Eugene, 3421 Lyleburn Place, Cin- 
cinnati 20 

Rinehart, L. Vaughn, B. D. 1, Gallon 
Roberts, James, 386 8. Terrace, Columbus 
Robinson, Robert F., 224 Mound St., Logan 
Roush, Dale K., Southeastern Ohio Agr. 

Ezpt. Farm, Carpenter 
Roush, Harold, 141 W. Northwood Ave., 
Columbus 

Ryder, Wendell, 1918 Indianola Ave., Co- 
lumbus 

Schell, Leonard, B. D. 2, Apple Creek 
Scherer, Robert D., Haverhill 
SCHiLLiNGER, JOHN, 2684 Neil Ave., Colum- 
bus 

Schmidt, Robert E., 4355 St. Lawrence 
Ave., Cincinnati 

Schneider, John W., Box 232, Sugarcreek 
ScHROEDER, Harold, Plumb Hall, Ohio State 
Univ., Columbus 10 

Scott, George, 1131 Deacon St., Springfield 
10 

Seiberling, Dale A., 107 E. Lane Ave., Co- 
lumbus 

Semones, Vernon, 4316 Gallia St., New 
Boston 

Senadenos, Sam, 312 Tibet Rd., Columbus 
SHiFrERMiLLER, WILLIAM E., 806^ N. Main 
St., Dayton , 

SiCKAFoosE, Donald G., 81 W. Frambes, 
Columbus 

SiDDALL, Robert L., 560 Roslyn Ave., Akron 
Simmons, August T., R. D. 3, Cambridge 


Simmons, Lloyd V., Jr., 56 W. Frambes 
Ave., Columbus 

Smith, Ross, 3422 Oakway Drive, Toledo 9 
Smoots, EdwarU, 2382 Brentwood Rd., Co- 
lumbus 

Smyth, Frank, 807 River Rd. Dorm, Ohio 
State Univ., Columbus 10 
Snider, John, River Rd. Dorms, Columbus 
10 

Snoddy, Walter, Shreve 
Sprang, Ralph, 583 Hess Rd., Apt. B, Co- 
lumbus 

Squires, Harold C., 76 W. Woodruff Ave., 
Columbus 

Stapford, J. R., B. D. 2, Tipp City 
Stanton, Jim, 2357 Linden Ave., Columbus 
Starr, Merle, 1957 Indianola Ave., Colum- 
bus 

Strachler, Raymond D., 412 Knecht Drive, 
Dayton 

Summers, Donald, R. D. 2, Urbaua 
Tharp, Victor, Blue Crystal Farm, Hilliard 
Tisrer, Kenneth, 2280 N. High St., Co- 
lumbus 

Titus, James B., Rutland 
VOQELGESANG, CHARLES, 927 10th St. N. E., 
Massillon 

VozABULE, Bernard T., Box 90, Southern 
Rd., Everett 

Waby, John C., 82 W. 3rd, Columbus 
Webb, Willie Jr., 2272 N. High St., Co- 
lumbus 

Weber, Edssl V., R. D. 2, Box 43, Lewie- 
ville 

Weber, Edward, 416 Glcnwood Ave., Cin- 
cinnati 

Wells, Dale, 86 W. Norwich Ave., Colum- 
bus 

WssTBicK, Francis C., Route 3, Defiance 
Whinery, George B., 81 E. College St., 
Alliance 

Witherspoon, Wiluam, 459 E. Dunedin 
Rd., Columbus 

Whittaker, Arnold, 4409 Wostway, Toledo 
12 

Yoder, Okie, 1359 Dennison Ave., Columbus 
Ziegler, Donald E., Apt. F, 2594 Putman 
St., Columbus 


Oklahoma 


Members : 

Bebousek, E. R., Dept, of Dairying, Okla. 
A & M, Stillwater 

Boehr, John W., Extension Service, Okla, 
A & M, Stillwater 

Bubket, John P., 121 S. Hugh, Cushing 
Cave, H. W. Dept, of Dairy Husbandry, 
Okla. A & M, StiUwater 
Oolvert, Richard W,, Ardmore 
Crownover, William M., Box 52, Pawhuska 
Gathers, Wayne E., Box 1536, Tulsa 
Gibson, Wendell, 1712 S. Yorktown, Tulsa 
4 

Holland, Theodies H., Langston Univ., 
Langston 

jANDSBy John 0., A A M College Campus, 
Okmulgee 


JoHNsoi^ Paul E., Dept, of Dairying, Okla. 

A A M College, Stillwater 
Kuhlman, a. H., Dairy Dept., Okla. A A 
M, Stillwater 

Lewis, J. C., 319 W. Pierc^ Mangum 
Loewenstein, Morrison, Dept, of Dairy- 
ing, Okla. A A M, Stillwater 
MacVicar, Robert, Agr. Chemistry Re- 
search, Okla. A A M, Stillwater 
McGxluard, P. C., Dairy Dept., Okla. 

A A M, Stillwater ^ 

Olson, H. C., Dept, of Dairying Okla. A A 
M, StUlwater 

Schwarz, Lee R., Carnation Co. of Okla., 
Tulsa 

Stinnett, L. H., Extension Service, Okla. 
A A M, Stillwater 
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Thomason, Louis C., 713 N. Davis, Enid 
Tbzcinski, Sam C., 2030 Denver, Muskogee 


Student Afftliatea: 

Andebson, Robert E., 314 Enoblock, Still- 
water 

Baker, James B., 102 Stadium, Okla. A & 
M, Stillwater 

Barbee, Lewis E., Je., Box 85, Veterans 
Village, Stillwater 

Basse, Robert W., 240 Duck St., Stillwater 
Burton, Charles L., 2614 S. Shartel, Okla- 
homa City 

OoFFiELD, A. W., Box 626, Drumright 
Core, Willum J., P.O. Box 815, Homin 
Davis, Albert 0., 463 Cordell Hall, Okla. 
A A M, Stillwater 

Deeds, Esmuel W., Box 664, Veteran's Vil- 
lage, Stillwater 

Edmondson, Locke F., 1411 Hartford, 
Stillwater 

Eisenhauer, Charles, R. R. 3, Newkirk 
Foshee, William A., 402 Washington St., 
Stillwater 

Goods, Al, Route 1, Potcau 

Guthrie, Charles K., 511 W. 7th, Still- 

Guyer, Dan E., 1204 S. W. Slst St., Okla^ 
homa City 

Hamilton, Billy G., 264 Cordell Hall, Still- 
water 

Hankins, James, 517J West St,, Stillwater 
Hardin, George, Route 2, StDlwater 
Harrington, Dwain F,, Box 643, Veteran's 
Village, Stillwater 
Hays, Jim L., 1330 N. Atlanta 
Hickey, Bryce, Jr., 418 S. Independence, 
Sapulpa 

Keirn, Doyle L., Box 655, Veteran's Vil- 
lage, Stillwater 

Keirn, Oran R., R. D. 3, Glencoe 
Kkrnan, Frank H., Jr,, Box 837, Veteran's 
Village, Stillwater 

Knife, Dick, No. 10 LaRuo Midi., Veteran's 
Village Stillwater 
Kozel, KARL A., R. D. 3, Shawnee 
Laubach, Marvin R., 201 West St., StUl- 


water 

Long, John Edward, 201 Duncan, Still- 
water 

Long, Orexan B., Hallett 
McCarroll, L. M., 2336 B. N. E., Miami 
McDowell, Ralph L., 240 Hester, Still- 
water 


Mitchell, Estes D., 323 West St., Still- 

Parker, George M., Box 528, Veteran's 
Village, Stillwater 

Parker, George M., Unit 10, Apt. 7, Jordan 
St., Stillwater 

Parsons, G. F., Jr., Box 731, Idabel 
Perkins, Billy Gene, Route 2, Wewoka 
Pittman, Armon A., 7 E. Woodrow Place, 
Tulsa 6 

Porter, Philip B., Box 78, Veteran's Vil- 
lage, Stillwater 

Prescott, Hurston E., 121 S. Main, Still- 
water 

Prophet, Russell E., Box 873 Veteran's 
Village, Stillwater 

Reece, M. F., Jr., Route 2, Stillwater 
Ruppert, Bob J., 267 Cordell Hall, Still- 
water 

Schmidt, Kenneth P., 210 N. G St., Musk- 
ogee 

Schmidt, Samuel, Box 526, Stillvrater 
Sharkey, Roy, Jr., Pond Creek 
Sheets, Bob, Route 1, Box 219, Tulsa 
Smith, Arthur J., 267 Cordell Hall, Still- 
water 

Smith, James D., 321 N. Duck, Stillwater 
Smith, John A., 619 Market St., Muskogee 
Stacy, J. W., New Castle 
Stahl, Perry, 408 Duck St., Stillwater 
Stephens, Bobby Joe, 461 Cordell Hall, 
Okla. A & M, Stillwater 
Stephens, Willie O., 3523 W. 6th St., Still- 
water 

Stout, Virgil B., 401 8. Townsend, Ada 
Streich, Merle, 302 Knoblock, Stillwater 
Tarrant, Harold, 307 Hanner Hall, Still- 
water 

Thomas, William, R., 713 College Ave., 
Stillwater 

Von Gunten, R. L., 1806 College Ave., 
Stillwater 

Walker, Charles H., Dairy Dept., Okla. 
A & M, Stillwater 

Williams, Grady P., Dairy Dept., Okla. 
A & M School of Tech. Training, Okmul- 
gee 

Williams, Ralph, Box 554, Veteran's Vil- 
lage, Stillwater 

Wilson, Robert W., 707 Adams, Stillwater 
Wlater, Paul E., 240 Husband, Apt. 1, 
Stillwater 

Woods, Willum H., 354 Cordell Hall, Okla. 
A & M, Stillwater 


Oregon 

M embers: 

Brandt, Lewis 0., 28 N. 22nd 8t„ Corvallis 
Brandt, P. M., Div. of Animal Industries, 

Ore. State Agr. College, Corvallis 
Byers, John H., Dairy Dept., Ore. State 
College, Corvallis ^ . 

Ellxksb, Paul R., Dept of Baet., Ore. State 
College, Corvallis 

Bwalt, H. P., 209 Dairy Bldg., Ore. State 
College, Corvallis 


Georgs, J. S., Tillamook Co. Creamery 
Ass’n., Tillamook 

Glynn, J. K., 1935 S. W. Park, Portland 
Haag, J. R., Agr. Expt. Station, Corvallis 
Howell, H. B., Route 1, Box 921, J, J. 

Astor Expt. Station, Astoria 
Jones, Idwal R., Dairy Dept., Ore. State 
College, Corvallis 

Ketser, H. C., c/o Dairy's Supply Co., 
Inc., 506 S. E. Union Ave., Portland 
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Klaus, Tbbd C., 138 S. Idbertj, Salem 
Lovowell, Bbtant B., Oonsolidated Food 
Oo., CorndluB 

McKenzie, Feed, Ore. State College, Cor- 
vallis 

Meadows, Elmer J., 302 Corbett Bldg., 
Portland 4 

Miller, Donald, Dept, of Baet., Ore. State 
College, Corvallis 

Morse, Booeb W., Extension Dairyman, Ore. 
College, Corvallis 

Oloufa, Mohamed M., 620 N. 2l8t St., Cor- 
vallis 

Bicbardson, Georgs A., Dept, of Daiir 
Husbandry, Ore. State College, Corvallis 
Bows, Gordon A., Dairy Bldg., Boom 307, 
Ore. State College, Corvallis 
Stein, Boy W., 1313 S. E. 12th St., Portland 
Swanson, Edgar H., Dairy Coop. Ass’n., 
1313 S. E. 12th Ave., Portland 14 
Waggoner, Balph W., Box 333, Klamath 
Falls 

Webster, Harry L., Clatskanie 
WiLSTER, G. H., Dept, of Dairy Husbandry, 
Ore. State College, Corvallis 

Student Affiliates: 

Balbara, Darius S., Dept, of Food Tech- 
nology, Ore. State College, Corvallis 
Berg, Leslie B., c/o Langlois Cheese 
Makers, Langois 


Berger, Paul C., Boats 3, Albany 
Burch, I. M., Boute 1, Box 273, Oon/Ellis 
Cornett, John A., Jr., 32 N. 26th St., 
Corvallis 

Covington, J. L., 637 N. 14th, Corvallis 
CowGiLL, Forrest L., 231 Mall St., Corvallis 
Dalal, Sam, 440 N. 6th St, Corvallis 
Ganger, B., 8 N. 27th, Corvallis 
Garner, Lyell B., Boute 1, Box 323, Gaston 
Jacobs, Brutab L., Boute 4, Box 181, Cor- 
vallis 

Murray, B. H., 812 Pacific Terrace, Kla- 
math Falls 

Olson, Alvin E., 2040 Jackson St., Corvallis 
Parpia, H. a. B., Oregon State College, 
Corvallis 

Begele, Bodgbr L., 942 N. 9th St, Corvallis 
Bock, Wilford D., 2500 Monroe St., Cor- 
vallis 

SCHMIDLKOFBR, JOSEPH C., 129 W. Douglas, 
St. Boseburg 

Street, Marion C., 135 S. 9th St., Corvallis 
Streiff, Bobert, 6140 S. W. Shattuck Bd., 
Portland 19 

Wallace, Arthur J., 9844 N. E. Pacific St, 
Portland 

Young, Keith F., 617 S. B. Main St., Port- 
land 

Young, Orville, 207 N. 2l8t St, CorvaUis 


Pennsylvania 


Members : 

Almquist, John, O., Dept, of Dairy Hus- 
bandry, Penn. State College, State College 
Anders, Herbert K., Agr. Extension Ass’n., 
Box 487, Williamsport 
Arnold, Bichard N., B. D, 9, York 
Austin, Carlton J., Supplee- Wills- Jones 
Milk Co., 15 8 . 34th St., Philadelphia 4 
Barnhart, John L., Swede Bd., Norristown 
Beam, A. Leland, 141 Bidge Ave., State 
College 

Benny, Walter, 195 E. Main St., Bradford 
Borland, A. A., 310 S. Burrowes St., State 
College 

Bortree, Alfred L., Dept, of Animal Hus- 
bandry, Penn. State College, State College 
Bbacke, George M., Bieek-McJunkin Dairy 
Co., 1345 Forbes St, Pittsburgh 
Brock, 0. Carlyle, 519-29 E. 18th St, Erie 
Bryan, Paul S., B. D. 1, Perkasie 
Clakton, a. j., Meadow Gold Dairies, Inc., 
126 Denniston Ave., Pittsburgh 
Cohee, C. I., Philadelphia Inter-State Dairy 
Council, 234 S. 22nd St., Philadelp^ 3 
CoLiWEN, John, 700 W. Middle St., Hanover 
Coleman, Paul E., B. D. 1, Wexford 
Cone, J. Frank, Dept of Bacteriology, 
Penn. State College, State College 
Dahle, Chester D., Dairy Dept., State 
College 

Davby, William B., Boom 125, Dairy Bldg., 
State College 

Dawdt, Max L., Dairy Dept, Penn. State 
College, State College 


Deubler, E. C., Bucks County, Newtown 

Doan, F. J., Dairy Dept Penn. State Col- 
lege, State College 

Draooo, Eugene T., 35 W. Pine St, 
Knightstown 

Dutchbr, B. Adams, 254 E. Hamilton Ave., 
State College 

Edinoer, Floyd G., 429 N. Main Ave., 
Scranton 4 

Erch, a. Glynn, I^ewisburg 

Galllicker, Louis, Gallieker Ice Cream Co., 
453 Franklin St., Johnstown 

Gearhart, C. B., Penn. State College, State 
College 

Geybr, Frank E., 601 Laver Bock Bd., 
Glenside 

Gifford, Claude W., Farm Journal, Inc., 
Washington Square, Philadelphia 5 

Gilmore, Herbert 0., 213 Dairy Bldg., 
State College 

Gosber, Harold, 409 Warrington Ave., 
Pittsburgh 10 

Greenleaf, Frederick M., 1724 Congress 
St., Allentown 

Grow, Walter, Fluid Milk Plant, 265 Beech 
St, Pottstown 

Gusrrant, N. B., Penn. State College, State 
CoUego 

Hadfibld, WXLLLTAIC A., Penn. Salt Mfg. 
Co., 1000 Widener Bldg., Philadelphia 7 

Hamor, William A., Mellon Institute, 4400 
5th Ave., Pittsburgh 13 

Hidxnger, Orvxb, 204 Times Bldg., Penn. 
Ave. 4b Spruce St., Scranton 
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HoEN, David Wilbub, Box 666, Bryn Mawr 
JAOOARD, Gvoboe, 2300 Loeust St., Phila- 
delphia 3 

Johnson, H. S., 119 Federal St., Pitts- 
burgh 12 

Johnson, Lawrence W., Whitmoyer Labor- 
atories, Inc., Myerstown 
Jones, P. D., Dairy Dept., Penn. State Col- 
lege, State College 

JosEPHSON, D. V., Dairy Dept., Penn. State 
College, State College 
Juzi, WILLIAM H., Guernsey Breeders 
Assoc., Box 491, Harrisburg 
Keen, Insert H., Queen Dairy Co., Inc., 
413-19 S. Queen St., Lancaster 
Kent, Albert L., B. 1). 1, Now Albany 
Kksleb, Ea&l M., Dairy Husbandry Dept., 
Penn State College, State College 
Kilgore, James, Route 1, Northampton 
King, Clifton J., Box 25, Dayton Arm- 
strong Co. 

Kibk, J. J., 409 Maple Ave., DuBois 
Knodt, C. B., Dept, of Dairy Husbandry, 
Penn. State College, State College 
Laughlin, John, Menzie Dairy Co., 1909 
River St., McKeesport 
Lawhobn, Robert K., 397 £. TTpsal St., 
Philadelphia 19 

McCandijcss, j. Coulter, R. D. 5, Butler 
McClure, Joseph W., New Wilmington 
McGrail, Gerald, 3010 N. 3rd St., Phila- 
dol])hia 

McMichael, Harry S., Meadow Gold 
Dairies, Inc., 126 Donniston Ave., Pitts- 
burgh 6 

Meisenhelder, Sam F., R. D. 2, Dover 
Melik, La Rue T., 426 Memorial Ave., 
Grov< City 

Merrill, Howard J., 206 Dairy Bldg., State 
College 

Moore, Robert B., 1808 W. 24th St., Erie 
Naoeotte, Joe, Dairy Extension Specialist, 
213 Dairy Bldg., State College 
Olmstead, R. H., Dairy Bldg. Penn. State 
College, State College 

Otto, B. Frank, Otto Suburban Dairy, Inc., 
Camp Horne Rd., Box 4198 Bellevue, 
Pittsburgh 

pARKHURST, RAYMOND T., Flory Milling 
Co., Bangor 

Parkin, Ivan E., Room 213, Dairy Exten- 
sion, State College 

Patton, Stuart, Dairy Husbandry Dept., 
Penn. State College, State College 
Pecora, Pabquo P., Pecoradale Farms, B. 
D., Drums 

Perry, N. A., Dairy Bldg., Penn. State Col- 
lege, State College 

Pratt, Harold T., Philadelphia Dairy Prod. 

Co., Box 267, Philadelphia 6 
Prince, Paul W., Dept, of Dairy Hus- 
bandry, Penn. State College, State College 
Babauseb, George W., 5028 Smithdeld Bd., 
Drexel 

Bieth, Howard E., R. D. 1, Box 96, Per- 
katie 

Robertsok E« I., John W. Etdielman & Sons, 
Lancaster 


Robison, Clyde S., Coal Center 
Roland, Charles T., P.O. Box 1346, Calgon, 
Inc., Pittsburgh 

Rosenbaum, Robert, 3743 D St., Philadel- 
phia 24 

Bought, George B., Nicholson 
Sales, Morton, Water Callowhill, Philadel- 
phia 23 

Sampey, j. j., Abbotts Dairies, Inc., 238 
Lombard St., Philadelphia 47 
Schaefer, William F., Jr., 48 Wyoming 
Ave., Tundhannock 

ScHWENK, John P., B. F. D. 1, Allentown 
Scott, Joseph C., 52 S. Vireo Drive, Mc- 
Kees Rocks 

Shaffer, Harvey E., Dept, of Dairy Hus- 
bandry, Penn. State College, State College 
Smith, Robert T., 311 Chamber of Com- 
merce, Scranton 

Spur, Bernhard, 4317 Spruce St., Phila- 
delphia 4 

Swope, W. D., Penn. State College, State 
College 

Tanabe, T., Dept, of Dairy Husbandry, 
Penn. State College, State College 
Taylor, Joe S., Dairy Bldg., Penn. State 
College, State College 
Thompson, George W., Box 303, Clarion 
Walker, H. S., 623 15th Ave., Bethlehem 
Watrous, G. H., Jr., Dept, of Dairy Hus* 
bandry, Penn. State College, State College 
Welch, B. C., c/o Wilbur-Suchard Choco- 
late Co., Lititz 

Williams, Paul S., Dairy Bldg., State 
College 

Woodruff, Alfred C., 42 Locust Ave.. 

Springfield, Delaware Co. 

Yoder, David, Landisville 
Zimmerman, Joseph A., Lehighton 

Student Agitates: 

Collins, William F., Dairy Dept., State 
College 

Elder, Charles, 2330 Woodstock Ave., 
Swissdole 18 

Gant, John W., R. D. 1, Scottdale 
Grobman, Sydney, 2625 S. 9th St., Phila- 
delphia 48 

Hoke, Drusilla, 80 N. Harrison Ave., 
Bellevue, Pittsburgh 2 
Keeney, David G., Dept, of Dairy Hus- 
bandry, Penn. State College, State College 
Keeney, Mark, Dairy Husbandry Dept., 
Penn. State College, State College 
Mursett, Arthur T., Dairy Husbandry 
Dept., Penn. State College, State College 
Painter, Hervey M., Route 1, State College 
Shope, Frank L., 236 E. Foster Ave., State 
College 

Smith, Arnold C., Dept, of Dairy Hus- 
bandry, Penn. State College, State College 
Stine, Charles M., 507 Curtin St., Osceola 
Mills 

WILDASIN, Harry F., 127 S. Barnard St., 
State College 

Williams, Jesse B., Room 206, Dept, of 
Dairy Husbandry, Penn. State College, 
State College 
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PXEU 


Student Affiliates: 

Capusro, Juan Miguel, Oasilla 468, Lima 

POBTO Bioo 


Members: 

Bbbnes, Luis Bivebba, Agr. Expt. Station, 
Bio PiedroB 


Mabtobell, Miguel A., Box 28, Dorado 


Bbods Island 


Members: 

Abubtono, Bobebt B., 102 Summitt St., 
Bast Providence 

Atwood, John W., B. I. State College, 
Kingston 

Oaupbell, Mason, Kingston 


Hendebsoh, B. W., Jb., Fort Kearny, Sann- 
derstown 

Nobton, Ohables L., B. I. State College, 
Kingston 

Smith, William T., 172 Berkshire St., 
Providence 


South Ameeica 

Student Affiliates: Bueda, Ing Leopoldo, Compania Coloxnbi- 

Bubgueba D, Gebman G., c/o Merido Mo- ana De, Alimentos Lacteos S. A., Bugala- 
tors, Merida Edo Merida, Venezuela grande Valle, Colombia 


South Cabouna 


Members: 

Bowebs, T. S., Belton 

Bbandt, Gbatdon W., Dairy Dept., Clemson 
Agr. College, Clemson 

Bbannon, Carboll C., Dairy Dept., Clem- 
son College, Clemson 

Bbeazeale, Thomas C., Jb., Dairy Dept., 
Clemson College, Clemson 

Cobb, E. D,, Pet Dairy Products Co., Green- 
ville 

Fletcher, O. J., McColl 

Gee, Gaston, State Farm, Boykin 

Goodale, B. E., Clemson College, Clemson 

Hellams, J. I., Greenwood Creamery Co., 
Greenwood 

Hiebb, Jesse C., c/o County Agent, Ander- 
son 

Hobson, W. M., Foremost Dairies, Spartan- 
burg 

HuBST, Victor, Dairy Dept., S. Carolina 
Agr. Ezpt. Station, Clemson 


Kapp, Bobebt P., Edisto Farms Dairy, Co- 
lumbia 

Kelly, J. W., 12 Bishop St., Inman 

King, Willis A., Dairy Dept., Clemson Col- 
lege, Clemson 

La Master, J. P., Dairy Dept., Clemson 
College Clemson 

Lazar, James T., Dairy Dept., Clemson 
College, Clemson 

Lomas, C. H., Clemson College, Clemson 

Lyle, John W., Jb., 21 Forest Liine, Clem- 
son 

Mercer, Donald N., B. F. D., Lykesland 

Whissnhunt, HENBt L., Mimosa Farm, 
Cope 

Student Affiliates: 

Gilpin, A. T., Box 702, Clemson 

Hanckel, Bxchardson M., Coburg Dairy, 
Charleston 

Pettigrew, J. B., Boutc 2, Box 1, Ander- 
son 


South Dakota 


Members: 

Babtle, Emery, Box 3, College Station, 
Brookings 

Bbeazeale, D. F., Dairy Husbandry Dept., 
8. Dak. State College, Brookings 
Cave, B. A., S. Dak. State College, Brook- 
iDgs 

Dbacy, Arthur E., Dairy Husbandry Dept., 
8. Dak. State College, Brookings 
Edwards, William Charles, T^dall 
Goodbaby W. Allan, Dairy Dept., S. Dak. 

State College, Brookings 
Haines, A. L., 631 St. Charles, Bapid City 


Johnson, Leslie £., Animal Husbandry 
Dept, College Station, Brookings 
Kelly, P. L., Dairy Dept, State College 
Station, Brookings 

Totman, C. C., Dairy Dept, S. Dak. State 
College, Brookings 

Turner, Geoboe E., Dairy D^t., 8. Dak. 
State College, Brookings 

Student Affiliates: 

DeBoogh, Mabvin, Boute 1, Marion 
Peterson, Beuben, Dairy Dept, State Cob 
lege, Brookings 


Tennessee 

Uemhera; BENmerr, K., W. Main 8t, l-e- 

ABHantONO, W. H., 4228 8. Gardm Bd., K<u>ob 
K noxville CBmsu^ Qunat, 212 FTthiaa BMIg^, Jack* 

aon 
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Ck>LEBANK, L. O., Agr.* Extension Senriee, 
Univ. of Tenn., Knoxville 
OOPELANB, Lynk, Univ. of Tenn., Agr. Ex- 
tension Office, 2321 West End Ave., Nash- 
ville 

DouaHERTT, A. F., Southern Dairies, 601 
Oak St., EnoxvUle 

Friend, l. F., 1497 Union Ave., Unit 4, 
Memphis 

Oabreoht, Hubert, Klinke Bros. Dairy, 

2469 Summer Ave., Memphis 
Harrison, Thomas B., 2307 Laurel Ave., 
Knoxville 

Hurley, W. C., A & I College, Nashville 
Hutton, C. A., Agr. Expt. Service, P.O. 

Box 1071. Knoxvme 

Lush, E. H., Dept, of Dairying, Univ. of 
Tenn., Knoxville 16 

Maddux, James N., Ijewisburg Dairy Expt. 
Station, Lewisburg 

Moss, W. F., #4 Federal Bldg., Chatta- 
nooga 

Naive, J. B., Beverly Hills Sanatorium, 
Knoxville 

Overcast, Woodrow W., Dairy Industry 
Dept., Univ. of Tenn., Knoxville 
Parsons, V. D., 205 N. Ault St., Knoxville 

Texas 

Memhefit : 

Cardwell, Joe T., Dairy Mfg. Dept., Texas 
Tech. College, Lubbock 
Chapman, William E., Box 664, Wichita 
Falls 

Dewey, Lloyd G., Phenix Dairy, 1220 
Smith St., Houston 2 

Eisenstein, Philip P., 2634 South Blvd., 
Dallas 

Enqram, L. W., Dairy Dept., Prairie View 
A & M College, Prairie View 
Featro, Joseph G., Dept, of Dairj’ Hus- 
bandry, A & M College of Texas, College 
Station 

Froedge, J. Ralph, Fort Worth Poultry & 

Co., Inc., P.O. Box 1537, Port Worth 
Gibson, G. G., Extension Dairyman, c/o Ex- 
tension Service, College Station 
Harmon, Laurence G., Dept, of Dairy 
Manufactures, Texas Tech. College, Lub- 
bock 

Heep, Herman F., Keep Jersey Farms, 
Buda 

Hoecker, Wesley H., Dept, of Dairying, 
Texas A A M College, College Station 
Homeyer, W. C., Arrow Mills, Inc., P.O. 

Box 3012, Houston 1 

Howe, J. W., Division of Agr., Texas Col- 
lege of Arts & Indus., Kingsville 
Johnston, J. B., 4236 Lovell Ave., Fort 
Worth 7 

Jones, Charles L., Box 563, Friona 
Kilgore, J. P., c/o Eastland Creamery, 
Eastland 

Leighton, B. E.. Dairy Dept., Texas A & 

M College, College Station 
Livxly, Jack, Boute 5, Bluff View Farm, 
Dallas 


Record, P. R., c/o Security Mills, Knoxville 
Rogers, L. R., Security Mills, Knoxville 
Bubis, Joseph A., 608 Shady Lane,' Nash- 
ville 

Swanson, Eric W., Dairy Dept., Univ. of 
Tenn., Knoxville 

Wylie, C. E., Dairy Dept., Univ. of Tenn., 
Knoxville 

Student Agitates: 

Albrecht, T. W., Dept, of Dairying, Univ. 
of Tenn., Knoxville 

Cabrell, Everett E., 1412 Highland Ave., 
Knoxville 

Dunaoan, Horace H., Univ. of Tenn., 
Dairy Dept., Knoxville 
Humphreys, Robert H., Collierville 
Jordan, Fred L., 607 10th Ave. N., Nash- 
ville 

McAdams, J. B., R. D. 3, Henderson 
Moore, Carl, Route 2, Dayton 
Nichols, James R., Route 7, Jackson 
Sanders, Hoyt, Dept, of Public Welfare, 
309 Market St., Knoxville 
Smithson, 8. F., Boute 2, Bradyville 
Warren, Lloyd Dupp, 100 S. 16th St., 
Nashville 


Madden, Fred W., 423 E. Main St., Grand 
Prairie 

Metzger, Jacob, P.O. Box 899, Dallas 1 
Moore, A. V., Dairy Dept., Texas A A M, 
College Station. 

Pederson, M. G., c/o Pricers Creameries, 
Box 1572, El Paso 

Price, Robert B., Pricers Creameries, Inc., 
P.O. Box 1572, El Paso 
Reed, W. W., John Tarleton College, Ste- 
phenville 

Robb, Noel N., Production Mgr., Carna- 
tion Co., Box 914, Houston 1 
Bupel, I. W., Dairy Husbandry Dept., 
Texas A A M College, College Station 
Shepardson, C. Nj^ Dean of Agr., Texas 
A A M College, College Station 
Tinney, WiIiUam H., 3312 25th St., Lub- 
bock 

Tulley, W. C., Box 1688, Ft. Worth 
Willingham, J. J., Dept, of Dairy Manu- 
factures, Texas Tech. College, Lubbock 
Yentzen, Vubkell a., Nederland 

Student Affiliates: 

Baker, W. D., Dairy Dept., Texas Tech. 
College, Lubbock 

Becker, Glenn, Box 64^ Paducah 
Bennett, Jack, Dairy Dept., Texas Tech. 
College, Lubbock 

Blanek, Louis J., Dairy Dept., Texas Tech. 
College, Lubbock 

Carmichael, Jack C., Dairy Dept., Texas 
Tech. Colkge, Lubbock 
Carver, Jambs A., Dairy Dept., Texas Tech. 
College, Lubbock 

Caudle, Jehu, Dairy Dept., Texas Tech. 
Conege, Lubbock 
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BARtrsEy Olabenob L., Jb.. Dairy Dept., 
Texas Teeh. College, LubbocB 
Dbnison, C. W., 314 £. Cardwell, Brown- 
field ' 

Fann, William, 3800 31st St., Port Arthur 
Frt, Travis, Dairy Dept, Texas Tech. Col- 
lege, Lubbock 

Gaithbb, Fot, Dept, of Dairy Mfg., Texas 
Tech. College, Lubbock 
Oabdnbb, Samuel Dean, Dairy Dept., 
Texas Tech. College, Lubbock 
Hall, J. D., Dairy Dept., Texas Tech. Col- 
lege, Lubltock 

Hogan, Donald, Dept, of Dairy Hfg., 
Texas Tech. College, Lubbock 
Jackson, Botce T., Dairy Dept., Texas 
Tech. College, Luboock 
Johnson, Sidney A., Dairy Dept., Texas 
Tech. College, Lubbock 
Maxey, Chester, D^t of Dairy Mfg., 
Texas Tech. College, Lubbpck 
Peeples, Milton, Dept, of Dairy Mfg., 
Texas Tech. College, Lubbock 
Plummer, William H., Dept, of Daiiy 
Mfg., Texas Tech. College, Lubbock 


Batcliit, Lantxs, Box 5133, College Sta- 
tion 

Beeves, J. £., Dairy Dept., Texas Tech. 
Collegei(Lubbock 

Sawyer, Harold, Dairy Dept., Texas Tech. 
College, Lubbock 

Shops, Bichard Box 661, Mission 
Smith, Harvey T., Didry Dept, Texas 
Tech. College, Lubbock 
Smith, IiOtt B., Dept, of Dairy Mfg., Texas 
Tech. College, Lubbock 
Smith, Terry, Dairy Dept., Texas Tech. 

College, Lubbock ... 

Speoulb, Henry, Dept, of Dairy Mfg., 
Texas Tech. College, Lubbock 
Tomunson, Horace, Dept, of Dairy Mfg. 

Texas Tech. College, Lubbock 
Vickers, Durwabd, Dairy Dept., Texas 
Tech. College, Lubbock 
Weems, Cloy H., Dairy Dept., Texas Tech. 
College, Lubbock 

Williams, Charles A., Boute 2, Memphis 
Williams, Grady F., 1330 Graham Drive, 
Bryan 


Utah 

Members: 

Anderson, H. D., Ephraim 
Bateman, Georgs Q., Utah State Agr. Col- 
lege, Logan 

Caine, George B., Utah Agr. College, Logan 
Curtis, L. B., 2184 Oneida St, Salt Lake 
City 5 

Ferris, Beed, c/o Nelson Bieks Creamery 
Co., 314 W. 3rd S., Salt Lake City 1 
Hardell, Bobert, 667 E. Center St., Logan 
Hoskisson, William A., 952 Windsor St, 

Salt Lake City 4 

Lamb, D. 0., Box 2490, Salt Lake City 14 
Larsen, Paul B., Dept of Dairy Hus- 
bandly, Utah State Agr. College, Logan 
Morris, A. J., Dairy Husbandry Dept, 
Utah State Agr. College, Logan 
Quayle, Joseph B., 376 N. Ist E.,, Logan 
Bioh, Lyman A., U.S.A.C. Extension Ser- 
vice, Logan 

Student Affiliates: 

Abbot, Myron S., 479 N. 5th E., Logan 
Bennion, S'rEBMNG, 711 E. 9th N., Logan 


Bbutler, B. F. D. 1, Smithfield 
Boswell, Evan C., Woodruff Hall, Logan 
Brown, Earl S., 2885 S. 3rd E., Apt 3^ 
Balt Lake City 

Buck, Bulon W., Prefab 1709, College 
Housing, Logan 

Burch, Gene H., U.S.A.C. Creamery, Logan 
Fitzgerald, Jack F., Camus 
Ford, Lylk S., Wallsburg 
Haoeman, Alger E., 416 N. 5th E., Skanchy 
Apts., Logan 

Hbninqeb, Harold E., Mendon 
Hogan, Max, Midvale 
Kilwpack, G. j., B. F. D. 1, Logan 
Krauth, Walter, Woodruff Hall, Logan 
Merrill, George, Box 208, B. D. 1, Bivor- 
ton 

Miller, Ivan, College Housing #506, 
Logan 

Peterson, Scott B., Peterson Bros., Hol- 
stein Farms, Box 922, Park City 
Price, Seth, Paradise 
Sanders, Doan C., Jr., P.O. Box 342, 
Farmington 


Vermont 


Members: 

Blanding, L. W. B., Holstein-Friesian 
Ass'n., Brattleboro 

Bradfisld, Alex, 210 Loomis St, Burling- 
ton 

Bremer, Harry B., Dept of Agr., State 
House, Montpelier 

Camburn, 0. M., Vt Agr. Expt Station, 
489 Main St., Burlington 

Chaffee, L. L., Morrisville 

COOTUH, C. T., AytMze Breeden Atm., 
Brandon 


Ellenbbrger, H. B., Univ. of Vt, Burling- 
ton 

Fbayer, James M., Vt Agr. Expt Station 
489 Main St, Burlington 

Hamlen, C. L., St. Albans 

Newcity, Gladwyn, 16 Henry St., Bellow 
Falls 

Newlander, j. a., Univ, of Vt, Burling- 
ton 

Norton, H. W., Holstein-Friesian Am% 
Brattleboro , 

Biddell, W, H., University of Vt, Burling- 
ton 



CIBCUIiATION OP THE JOURNAL 


1075 


Stiljbs, Albket H., 32 Proctor Ave., S. Bur- 
lington 

Warner, William K., 96 Colchester Ave., 
Burlington 


Student Affiliates: 

Besi, Louis A., 236 South Prospeck St., 
Burlington 


Virginia 


Members: 

Aull, W. P., Je., Assoc. Dairy Husbandry, 
Extension Dept., Va. Poly. Institute, 
Blacksburg 

Busbet, J. 0., Southern Dairies, Bocky Mt. 
Connelly, B. G., Dept of Dairying, College 
of Agr., Blacksburg 

Bspe, Dwight L., 1047 N. Edgewood St., 
Arlington 

Flora, Carroll C., Dairy Bldg., Va. Poly. 
Institute, Blacksburg 

Foster, Arden S., Assoc. Dairy Extension- 
man, Va. Poly. Institute, Blacksburg 
Gbeenbank, George B., 632 24th St. S., 
Arlington 

Herrmann, Louis F., 3022 N. Westmore- 
land Dr., Falls Church 
Holdawat, C. W., Dept, of Dairy Hus- 
bandry, Va. Poly. Institute, Blacksburg 
Kennedy, G. S., Health Dept., City of 
Boanoke, Boanoke 11 
Mallory, T. E., Bland 
Miller, W. C,, Garst Bros. Dairy, Boanoke 
Ommodt, B. J., 2702 Valley Dr., Alexandria 
OWEiN, John W., State Milk Commission, 
1203 E. Broad St., Bichmond 19 
Pais, Alexander A., Box 191, Pocahantas 
Pomeroy, C. J., Jr., Cedar Spring Farm, 
Quinton 

Braves, P. M., Va.'Poly. Institute, Blacks- 
burg 

Bennil, Frank F., Jr., 1810-12 W. Main 
St., Bichmond 

Smith, S. S., 1003 State Office Bldg., Hich- 
mond 

Strobel, David B., 518 Belleview Dr., Apt, 
11, Falls Church 

Thompson, Norman B., Dairy Husbandry 
Dept., Va. Poly. Institute, Blacksburg 


Trelooan, Harry C., 6025 N. 18th St., 
Arlington 

Weirether, Francis J., Merck & Co., Inc., 
Elkton 

Wright, Dean A., Ninovan Farms, Gordon- 
villo 

Student Affiliates: 

Barlow, Joseph A., Box 5172, Va. Tech. 
Station, Blacksburg 

Brooks, James P., Gen. Delivery, Waynes- 
boro 

CONRY, Joe E., Jr., Gen. Delivery, Blacks- 
burg 

Engbekson, Bay D., Box 6253, Va. Tech. 
Station, Blacksburg 

Gilbert, E. W., Box 5380, Va. Tech. Station, 
Blacksburg 

Grove, Frank T., Box 5371, Va. Tech. 
Station, Blacksburg 

Hammond, Lee P., Box 3903, Va. Tech. 
Station, Blackburg 

Isbell, Edward H., 1015 W. 42nd St., Bich- 
mond 24 

Keith, Cook Mason, Eoute 1, Box 251, 
Boanoke 

Kline, E. Harley, Box 4209, Va. Tech. 
Station, Blacksburg 

Newlandkr, Harold A., Oceanair Apts., 
725 Clie.stor St., Norfolk 3 
Nebter, M. K., Box A-591, Va. Tech. Sta- 
tion, Blacksburg 

Sink, James W., B. F. D. 1, Bocky Mount 
Trent, Charles F., 106 W. Main St., 
Christiansburg 

Waggoner, Ben, 1124 E. Ocean View Ave., 
Norfolk 


Washington 


Members: 

Adams, Cameron S., Division of Dairy & 
Livestock, State Dept, of Agr., Olympia 
Andrews, George, 10227 15 N. £., Seattle 
65 

Ashworth, XT. 8., State College of Wash., 
Pullman 

Beck, A. J., 618 Whitman, Walla Walla 
Bendixen, H. a., Dairy Husbandry Dept., 
Wash. State College, Pullman 
Berry, M. H., Carnation Milk Farms, Car- 
nation 

Blosser, T. H., Dept, of Dairy Husbandry, 
Wash. State College, Pullman 
Boney, M. M., Box 157, Bellingham 
Bowman, Balph, 1727 N. Ledgerwood, 
Spokane 13 

Cowan, Bobert, 635 Elliott Ave. W., 
Beattie 99 


Dahlberg, a. O., 2500 W. Viewmont Way, 
Seattle 99 

Ellington, E. V., Dairy Dept., Wash, State 
College, Pullman 

Erb, B, E., Dept, of Dairy Husbandry, 
Wash. State College, Pullman 

Fenton, F. E., Inland Empire Dairy Assoc., 
1803 W. 3rd Ave., Spokane 

Fordham, Wayne W., 4628 Fowler Court, 
Apt. 55, Everett 

Gaiser, j. L., Yakima Dairymens Assoc., 
10 N. 5th Ave., Yakima 

Giberson, Ebert, 915 S. Srd St., Apt. A, 
Tacoma 3 

Goheen, Bobert L., 1312 King St., Belling- 
ham 

Golding, N. S., Dairy Husbandry Dept., 
Wash. State College, Pullman 
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Hiu^ Otto J., Waabington Ooop. Egg A 
Poultry Ass’n., 201 Elliott Ave. W., 
Beattie 99 

Janzhn, Harolp W., Box 391, Vancouver 
Knott, J, C., Dairy Dept., Wash. State Col- 
lege, Pullman 

Larson, Harold, 3823 6 . Wilkeson St., 
Tacoma 8 

Manus, Louis J., 328 Moscow Bd. 2 Pullma]i 
Murdock, Fbnci B., Asst. Dairy Husband- 
man, Western Wash. Expt. Station, 
Puyallup 

Nichols, M. B., Agr. Extension Service, 
Wash. State College, Pullman 
Oldenburg, W. J., 1239 Bainier Ave., Se- 
attle 44 

Proutv, C. C., Wash. Agr. Expt. Station, 
State College of Wash., Pullman 
Bussell, Jahes, Kitsap Dairymens Ass'n., 
P.O. Box 314, Bremerton 
Shaw, A. O., Dept, of Dairy Husbandry, 
Wash. State CoUege, Pullman 
Sorensen, Ernest M., Box 389, Chohalis 
Sweeting, Bert, Medosweet Dairies, Ta- 
coma 

Waldo, D. B., Mt. Vernon 
Student Affiliates: 

Allison, Bobert W., 705 Campus Ave., 
Pullman 

Benshoot, S. B., Apt. 39'C, S. Fairway, 
Pullman 

Blindhbim, Alvin, 3231 S. Broadway, 
Everett 


Christensen, Lawrence, Dept of Dairy 
Husbandry, Wash. State College, Pullman 
Delaney, Ernest N., Route 2, Box 142 A, 
Clarkston 

Ehlers, Melvin H., Dept of Dairy Hus- 
bandry^ Wash. State doUege, Pullman 
Emigr, tfOBN A., 608 California, Pullman 
Erichben, Inger, Dept, of Dairy Hus- 
bandry, Wash. State College, Pullman 
Obium, John A., 810 Cedar St, Snohomish 
Hals, Leonard G*, 28A 8. Fairway, Pull- 
man 

Hibbs, B. a., Box 758, College Station, 
Pullman 

Hope, Earl B., Dept, of Dairy Husbandry, 
Pullman 

Horton, Archie T., 206 W. Harrison, Pull- 
man 

Larson, James E., South Prairie 
McBride, Carman A., Dept of Dairy Hus- 
bandry, Wash. State College, Pullman 
Morrison, Roger A., 322 Sunset Drive, Pull- 
man 

Murphy, William S., Box 193, College Sta- 
tion. Pullman 

Orr, Oliver O., 610 Linden St, Pullman 
Snell, Thomas I., Route 2, Ellensburg 
Vinton, Richard L., 39-B South Fairway, 
Pullman 

Wkoe, William E., Stimson Hall, Wash. 

State College, Pullman 
Whitaker, Robert P., Box 111, College 
Station, Pullman 


West Virginia 


Members: 

Ackerman, B. A., Univ. of W. Va., Dairy 
Dept., Morgantown 

Bowman, A. W., Coble Dairy Products, 
Martinsburg 

Bruyneel, a. L., 620 Gaston Ave,, Fair- 
mont 

Fike, James E., Dairy Dept., W. Va, Univ., 
Morgantown 

Heebink, Gerald, Extension Hairyman, 
Oglebay Hall, Morgantown 

Hendersen, H. O., Allege of Agr., Mor- 
gantown 

Hutchinson, Hugh F., Box 351, Lewisburg 

Hyatt, George Jb., Daily Dept, W. Va. 
Univ., Morgantown 

PiNSKY, Harry, 57 17th St., Wheeling 


Porter, Clyde C., Lesage 

Beeves, Charles V., 54 Monroe St., Elm 
Grove, Wheeling 

Van Landingham, A. H., Agr. Expt. Sta- 
tion Morgantown 

Weese, Samuel J., 227 Hagans Ave., Mor- 
gantown 

Student AfflUates: 

Johnston, Willum P., 150 Newton St., 
College Park, Morgantown 

Keaton, Woodson B., 206 Grant Ave., Mor- 
gantown 

MiroHSLi:^ Willard, Arden 

Tyler, Wxlrur J., Dept, of Dairy Hus- 
bandry, W. Va, Univ., Morgantown 


Wisconsin 


Members: 

Allen, Nat N., Dept, of Dairy Husbandry, 
Univ. of Wis., Madison 6 
Alton, Alvin J., Taylor Freeaer, Beloit 
Anderson, Clin, Ba^r Breeders Coop., 
Shawano 

Barrett, George B., B. B. 1, Middleton 
Bayley, Ned D., Dept, of Dairy Mvoh 
bandry, Univ. of Wis. 

Bsendt, Fritz B., Box 214, Jackson 
Bohstrdt, Gus, College of Agr., Univ. of 
Wis., Madison 


Brace, Charles C., Lone Bock 
Brown, L. W., Diury & Food Control Lab., 
Univ. of Wis., Madison 
Bush, M. G. JBcm 23, Green Bay 
Galbrbt, H. E.. Dairy Industry Dept., Univ. 
of Wis., Madison 

Call^ Ara O., Westem Condensing Co., 
Appleton 

Carlson, John, 515 N. dark St, Appleton 
Chrisuer, Earl S., Borden Co., Milwaukee 
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fat fractions from, 700* 
stale flavor component from, 701* 
stale, solvent extraction from stale dried 
whole milk, 701* 

Buying stations, 
cream quality changes in, 935 
cream segregation in, 534 

Calcium, 

in blood plasma, interrupted milking and, 
977 

in serum, at parturition of mastectomized 
cows, 927 
Calf, 


Ash alkalinity, of dry buttermilk, 191 
* Abstract of paper presented at annual meeting. 
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loBBOB ill dairy herd, 712* 
mortality, in 2 Minnesota herds, 706* 
newborn, utilization of fetal vitamin A 
stores by, 764 
Calves, 

absorption of vitamin A and carotene by, 
effect of dispersion type on, 711* 
banana meal in rations of, 361 
carotene requirements for, 710* 
cotton seed oils in diets of, 665 
early rumen development in, influence oh 
plasma composition and liver storage, 
710* 

health and performance of, effect of pre- 
partum vitamin A supplement on, 367 
heat tolerance of, 712* 
milk replacement for, *709* 
milk replacements for, 986 
milk substitutes for, 709* 
plasma levels of carotene and vitamin A in, 
influence of prepartum milking on, 711* 
plasma vitamin A and carotene of, effect of 
prepartum milking on, 1032 
soybean oil vs. milk fat for, 429 
soybeans in rations of, 609 
vitamin A and carotene depletion time of, 
418 

Candida Upolytioa, use in blue cheese from 
pasteurized milk, 993 

Carbohydrates, as energy sources for silage or- 
ganisms, 901 
Carotene, 

absorption, by calves, effect of dispersion on, 
711* 

absorption site in calves, 711* 
conversion to vitamin A, in calves, 711* 
depletion of calf stores of, 418 
determination in silage, 33 
in calf plasma, prepartum milking and, 1032 
in colostrum, 587 

in colostrum, effect of prepartum milking 
on, 919 

in feed, effect on vitamin A of butter,' 714* 
in milk, interrupted milking and, 977 
in milk and plasma, soybean products and, 
565 

in plasma of calves from dams milked pre- 
partum, 711* 

Carotene requirements, 
for Quernsey reproduction, 714* 
of dairy calves, 710* 

Carotenoids, 

activated glycerol didilorohydrin test for. 


in calf plasma and liver, influence of pasture 
and early rumen development on, 1016 
in colostrum, 

effect of ration supplements on, 458 
factors influencing, 209 
in milk, influence of pasture herbage on, 
955 

of milk fat, influence of temperature on, 
713* 

Catalase, oxygen damage to spermatozoa af- 
fected by, 353 
Cheese, 
blue, 

from pasteurized homogenized milk, chem- 
ical analysis and flavor score of, 1007 
use of Candida Upolytiea cultures in, 
993 

use of mold-enzyme preparation in, 
1001 

manufacture from pasteurized milk, 704* 
surface growth and ripening of, 704* 
brick, yeast in surface smear of, 475 
Cheddar, 

amino acids in during ripening, 705* 
changes in diacetyl content of, 521 
diacetyl content of, 515 
effect of added amino acids on flavor of, 
769 

from pasteurized Canadian milk, 1 
radio-frequency pasteurization of, 790 
ripening temperature and tyramine con- 
tent and flavor of, 316 
8, faeoalis in, 630 
tyramine content and flavor of, 316 
tyramine content of, 630 
cottage, non-fat dry milk solids for manu- 
facture of, 705* 
free tryptophane in, 704* 
modified phosphatase test for, 751 
stirred curd, 8. faeealU as culture for, 630 
Chromatography, 

filter paper, for amino acids in cheese, 705* 
separation of fatty acids by, 700* 

Clipping, cattle lice control by, 724* 

Cobalt tolerance, of young dairy cattle, 527 
Cod-liver oil, 

influence on milk and fat production, 133 
milk stability to oxidation affected by, 196 
Coliform bacteria, 
from mastitis, 721* 

soluble nitrogen produced in milk by, 652 
thermal death time studies on, 702* 
Colloidal protein particles, in skim milk, 697 
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Color, determination of, in dried milk prod- 
ucts, 580 
Colostrum, 

amino acid composition of^ 671 
composition of, effect of prepartum milking 
on, 559, 919 

factors influencing carotene and vitamin A 
of, 209 

vitamin A, carotene and proximate compo- 
sition of, 587 

vitamin content of, effect of prepartum milk- 
ing on, 720* 

Concentrates, high and low fat, fed with al- 
falfa hay, 596 

Corn, as supplement to alfalfa hay, 465 
Corn sugar, sweetness of, in ice cream, 697 
Cottonseed oil, in calf diets, 665 
Cow families, differences in production type, 
etc. of, 705* 

Cow manure, male hormone in, 707* 

Cows, 

dairy, time to eat rations, 716* 
mastectomized, blood composition at par- 
turition, 927 
Cream, 

churning time of, fat condition in cream 
and, 695* 

nordihydroguaia retie acid as anti-oxidant in, 
695* 

quality changes of, in buying stations, 935 
quality of, influence of segregation and mix- 
ing in buying stations on, 534 
stability of fat in, 679 
sweetened frozen, nordihydroguaiaretic acid 
as anti-oxidnnt in, 301 
Cultured cream, body of, 695* 

Dairy cattle, heat tolerance of, 712* 

Dairy program, integrated development of, 
729* 

D.H.I.A., 

computing tables, 727* 
herd record book, suggested revisions for, 
727* 

records, I.B.M. machines for processing of, 
728* 

records, processing BDI 718 reports by 
machine, 728* 

Diacetyl, 

in Cheddar cheese, 515 
in Cheddar cheese, changes during manu- 
facture and curing, 521 
DUuter, for bovine semen, 


composition effect on sperm motility, 345 
effect on livability and fertility, 604 
Disease, infectious, as cause of infertility, 36 
Diurnal variations, in blood plasma fat, 709* 
Dried milk, 

in bread, optimum consumer preference for, 
703* 

keeping quality of, effect of ascorbic acid 
addition to fluid milk on, 644 

£muLB 1FIERS, effect on physico-chemical 
properties of ice cream of, 696 
Eosin-aniline blue stain, for semen quality, 
723* 

Equipment, dairy, sanitary standardization of, 
701* 

Escherichia freundii, in mastitis, 721* 

Europe, western, dairy recovery in, 724* 

Fat, 

in blood plasma, variations due to oil feed- 
ing, 709* 
in sow ^8 milk, 22 

solidification of, in cream and butter, 695* 
stability of, in cream and butter, 679 
Fat levels, in plasma, of mastectomized cows 
at parturition, 927 
Fat production, 

influence of tocophcrols and cod-liver oil on, 
133 

methods of estimation, 621 
Fatty acids, 

administration of, effect on blood ketone 
levels of ruminants, 817 
chromatographic separation of, 700* 
recovery by extraction and churning pro- 
cedures, 435 

recover}’’ by solvent extraction from acidi- 
fied milk, 447 
Feces, 

dry matter of, for calves on limited whole 
milk, 709* 

pH of, for calves on limited whole milk, 
709* 

Feed replacement value, of pasture, 717* 
Fertility, of semen, bacterial numbers and, 
543 

Flavor, of Cheddar cheese, relation of diacctyl 
to, 515 

Fluorine, in phosphate supplements for cattle, 
228 
4-H, 
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dairy project leaders, training of, 729* 
show programs, in Mississippi, 729* 
Furfural, in heated skim milk, 223 

GaSTBO-INTESTINAL motUity, influence 
of lactose on, 139 

Gestation, prolonged, genetic origin of, 705* 
Growth, of cattle, vitamin E and, 495 

Hat. 

barn-cured, nutrient conservation in, 716* 
dehydrated, nutrient conservation in, 712* 
feeding of, to cows on pasture, 717* 
palatability of, for calves, 10 
timothy, nutritive value at different matur- 
ity stages of, 659 
vitamin D in, 715* 

Health, of cattle, vitamin E and, 495 
Heart rates, factors influencing, 708* 

Heat tolerance, 

of calves of various breeds, 712* 
of dairy cattle, 712* 

Heifers, 

dairy, roughage and growth of, 715* 
growth of, wood molasses and, 719* 

Jersey, wei^t Standards for, 718* 
Hemoglobin, influence of cobalt consumption 
on, 527 

Herd environment, estimating changes in, 706* 
High temperatures, 
effect on milk composition, 713* 
reactions of dairy cattle to, 713* 
Holstein-Friesian cattle, 
growth and reproduction of, 247 
inbreeding and outbreeding of, 247* 
Homogenisation, measurement by turbidity, 
698* 

Hormone, male, 
in cow manure, 707* 

in cow manure, activation by temperature 
and drying, 796 

Hormones, for sterility treatment, 45 
Hortvet formula, for water added to milk, 
699* 

Hyaluronidase, in bull semen, turbidometric 
determination, 570 
Hydrogen perozidto, 

effect on oxidised flavor of frosen milk, 699* 
preformed, and ascorbic acid oxidation in 
milk, 163 

Hyperthyroidism, effect on milk production, 
707* 


Ice cream, 

** cultured,*' manufacture of, 697* 
dehydrated whey in, 697* 
emulsifying agents in, 696* 
ice crystal and air cell sise measurement in, 
696* 

shrinkage of, 697* 

sweetness of corn sugars in, 697* 

Ice crystals, in ice cream, sise measurement of, 
696* 

Incidence of twinning, in 2 Minnesota herds, 
706* 

Inbreeding Holstein-Friesian cattle, effect on 
growth and reproduction, 247 
Infertility, 

approaching problem of, 92 
infectious disease as cause of, 36 
Inheritance, of functional reproductive inef- 
ficiency, 71 

Intestines, bovine, protosoa in, 806 
lodobensoate, for determination of reducing 
groups of nulk and proteins, 698* 

ICeEPING quality, of pasteurized milk, in 
home refrigerators, 945 
Ketones, in bovine blood, fatty acid admini- 
stration and, 817 
Ketosis, 

biochemical and histopathological studies of, 
718* 

blood sugar studies and, 718* 

Lactase, production of, lactose feeding 
and, 717* 

Lactose, 

alpha and beta, solubility method for de- 
termination of, 391 

effect on gastro-intestinal motility by, 139 
feeding, lactase production and, 717* 
milk enrichment with, effect on ascorbic 
acid losses, 556 
Leucocyte Count, 

effect of BrueeUa vaccination on, 914 
of milk, effect on non-milking on, 649 
of postpartum milk, effect of prepartum 
milking on, 804 

LeuooMgtoe eitrovorumf penicillin inhibition 
of, 961 

Lice, cattle, clipping for control of, 724* 
XApase, of milk, 

acid solvent extraction method for estima- 
tion of, 447 
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measurement by solvent extraction and 
churning procedures for free fatty acids, 
435 

Lyophilixing apparatus, 973 

A([aGNE 8IUM, in serum, at parturition of 
mastectomized cows, 927 
Mammary development, hormone injections 
and, 707* 

Mammary edema, influence of feeding on, 721* 
Mammary secretions, composition of, effect of 
prepartum and postpartum milking on, 719* 
Manure, cow, male hormone activation in, 796 
Mastitis, 

conform bacteria from, 721* 
diagnostic tests for, 720* 
organisms causing, 720* 
penicillin infusion for, 720* 
therapeutic measures for, 720* 

Maturity stage, of timothy hay, effect on nu- 
tritive value, 659 

Methylene blue test, for milk, variations in, 
702* 

Milk, 

added water in, freezing-point determina- 
tions for, 699* 

amino acid composition of, 671 
ascorbic acid oxidatipn in, 163 
composition of, liigh temperatures and, 713* 
DDT content of, 
dried, 

acidity variation and keeping quality of, 
696* 

alpha and beta lactose determination in, 
391 

dried products of, color determination in, 
580 

dried whole, 

reducing systems of, 334 
stale flavor in, 383 
evaporated, 
color of, 775 

effect of processing procedure on physical 
properties of, 775 
grain formation in, 775 
surface tension of, 775 
frosen, effect of ascorbic acid and on 
oxidized flavor in, 699* 
frozen homogenized, effect of agitation 
daring freezing on, 812 
grading of, for manufactured dairy prod- 
nets, 703* 

handling of, effect on bacteria and eoli- 


form counts of, 724* 
heated, 

minor organic compounds from, 698* 
nitroprusside test applied to, 398 
sulfhydryl groups in, 398 
homogenized, oxidized flavor in, effect of 
vitamin C elimination on, 786 
homogenized frozen, stabilizers for, 174 
nitrogen in, determination by direct nessleri- 
zation. 111 
oxidized flavor of, 

effect of ascorbic acid on, 306 
influence of tocopherols and cod-liver oil 
on, 196 

oxygen content of, 202 
pasteurized, 

for Canadian Cheddar cheese, 1 
keeping quality in home refrigerators, 945 
proximate composition of, interrupted milk- 
ing and, 977 

reducing groups in, o-iodosobeuzoate for 
detmn. of, 698* 

spray-dried, vitamin A stability in, 695* 
surface tension of, changes in, 698* 
turbidity measurement of homogenization 
efficiency in, 698* 

vitamin A and carotene in, effect of soy- 
beans on, 565 

whole dried, solvent extraction of stale but- 
ter oil from, 701* 

Milk fat, 

saturation of, effect of pasture and external 
temperature on, 700* 

vitamin A and carotene content of, influence 
of temperature on, 

Milk production, 

and delay after conditioned stimulus, 17 
corn and alfalfa ration for, 465 
excess concentrate feeding in Hawaii and, 
725* 

feeding hay to cows on pasture and, 717* 
hyperthyroidism and, 707* 
influence of tocopherols and cod liver oil 
on, 133 

methods of estimation, 621 
prepartum milking and, 725* 
time between udder wash and attachment of 
milking machine, 637 
vitamin E and, 495 
Milk replacements, 
for dairy calves, 986 
in calf rations, 709* 

Milk substitutes, for dairy calves, 709* 

Milk surfaces, fresh, surface tension of, 406 
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Milking, interruption of, influence on milk and 
blood serum, 977 

Milking maohine operation, extension educa- 
' tion for, 728* 

Molasses, wood, nutritive value of, 907 
Molds, oitygen requirements of, 101 
House, male, influence of environmental tem- 
perature and thyroid status on, 712* 

Mucus, bovine vaginal-cervical, pH in vivo and 
in vitro, 727* 

NeSSLEBIZATION, for altrogon in mUk, 
111 

Nitrogen, in milk, determination by direct 
nosslerization, 111 

Nitroprusside test, applied to heated milk, 398 
Non-fat dry milk solids, for manufacture of 
cottage cheese, 705* 

Non-milking, effect on leucocyte count of 
milk, 649 

Nordihydroguaiaretic acid, 
in cream, 695* 
in cream and butter, 679 
in sweetened frozen cream, 301 
Nutrition, in treatment of bovine sterility, 60 

Oils, feeding of, effect on fat in blood 
plasma, 709* 

Ooapora lactis, oxygen requirements of, 101 
Outbreeding, of Holstein-Friesian cattle, ef- 
fect on growth and reproduction, 247 
Ovum, fertilized, recovery from living cow, 
726* 

Oxidized flavor, 

in milk, effect of ascorbic acid on,, 306 
of milk, influence of tocopherols and cod 
liver oil on, 196 

Oxygen, in milk, effect of handling and proc- 
essing on, 202 

Oxygen requirements, of 6 molds, 101 

PaBTUBITION-ESTBTTS interval, 726* 
Pasture, 

carotenoid content of, effect on carotene 
and vitamin A of milk, 955 
effect on unsaturation of fat, 700* 
influence on, 

carotenoids, vitamin A and ascorbic acid 
of calves, 1016 

rumen microorganisms of calves, 1025 
Pasture forage, method for feed-replacement 
value of, 717* 


Pasteurization, 

home, effect on JBruoeXla abortus, 29 
of Cheddar cheese, by radio-frequency heat, 
790 

Penicillin, 

as infusions for mastitis treatment, 720* 
effect on lactic streptococci for clieese mak- 
ing, 961 

for improving semen fertility, 722* 
in semen dilutors, 722* 
influence on bull semen fertility, 950 
semen livability and bacterial content in- 
fluenced by, 183 

PenicUlivm erpansum, oxygen requirements 
of, 101 

Penunllium notaium, oxygen requirements of, 
101 

Pentcillwm roqueforii, 
mold-eiizyme preparation from, use in blue 
cheese, 1001 

oxygen requirements of, 101 
Phosphatase, rate of inactivation in milk, 509 
Phosphatase test, 

for cheese, carl)onate-bicarbonate buffer for, 
760 

modifleation for cheese, 751 
preservation of dairy products for, 166 
Phosphorus, 

in plasma, at parturition of masteetomized 
cows, 927 

radioactive, distribution in cow's body, 717* 
Plasma, vitamins in, effect of Brucella vac- 
cination on, 914 
Prepartum milking, 
effect on, 

calf plasma levels of carotene and vita- 
min A, 711* 

colostrum composition, 559 
colostrum composition, 919 
leucocyte count in postpartum mUk, 804 
mammary secretion composition, 719* 
performance of cows and calves, 719* 
plasma vitamin A and carotene of calves, 
1032 

riboflavin and ascorbic acid content of 
colostrum, 720* 

milk production following, 725* 
Preservation, of dairy products, for phospha- 
tase test, 166 

Production, of milk and fat, influence of toco- 
pherols and cod liver oil on, 133 
Production records, 

analysis of, in artifleiaV insemination pro- 
gram, 780* 
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computation of, 728* 

Proteins, plant and animal, semen production 
and fertility of bulls fed, 292 
Protozoa, occurrence in bovine stomach, 806 
Proved sons, for evaluation of transmitting 
ability of sire, 706* 

Quaternary ammonium compounds, ef- 
fect of metallic ions on, 703* 

R.ED cell volume, influence of cobalt con- 
sumption on, 533 

Reducing groups, in proteins and milk, 698* 
Reducing systems, of dry whole milk, 334 
Reproduction, 

carotene requirements for, 714* 
vitamin E and, 495 

Reproductive failures, in cows of low fertil- 
ity, 237 

Reproductive inefficiency, inheritance of func- 
tional causes of, 71 

Resazurin test, for milk, variations in, 702* 
Review, 

hormones for treatment of sterility, 45 
infectious disease as cause of infertility, 36 
inheritance of functional causes of repro- 
ductive inefficiency, 71 
lactose and gastro- intestinal motility, 139 
nutrition and bovine sterility, 60 
Riboflavin, in colostrum, prepartum milking 
and, 720* 

Roughage, and growth of dairy heifers, 715* 
Roughages, vitamin D content of, 715* 
Rumen, 

digestion and synthesis in, effect of saliva 
on, 123 

early development of, influence on caro- 
tenoids, vitamin A and ascorbic acid of 
calves, 1016 

establishment of microorganisms in, effect 
of pasture and rumen Inoculation on, 
710*, 1025 

inoculation of, for calves, 1025 


OALIYA, bovine, chemical and physical prop- 
erties of, 123 

Sanitary standardization, of dairy equipment, 
701* 

Semen, 

bovine, 

effect of testis biopsy on, 327 


livability and bacterial content of, effect 
of penicillin and streptomycin on, 183 
thyroxine and fertility of, 322 
triphenyltetrazolium chloride for vital 
studies of, 1013 

cooling of, citrate-sulfanilamide-yolk ex- 
tender and, 723* 
dilution of, 

buffered whole egg for, 722* 
on basis of numbers of spermatozoa, 721* 
penicillin and sulfanilamide in, 722* 
to higher levels, 722* 
fertility of, 

effect of penicillin and sulfanilamide on, 
722* 

effect of penicillin on, 950 
improvement by penicillin, streptomycin 
and sulfanilamide, 722* 
influence of bacterial numbers on, 543 
frequency of collection of, 723* 
oxygen consumption of, 
effect of thyroxine and acetylcholine on, 
726* 

testosterone effect on, 725* 
production, influence of plant and animal 
proteins on, 292 

quality of, cosin-anilinc blue stain for, 723* 
turbidometric hyaluronidase determination 
in, 570 

Sex ratio, in 2 Minnesota herds, 706* 
Sherbets, 

dehydrated whey in, 697* 
n'koy use in, 696* 

Shrinkage, of ice cream, 697* 

Silage, 

carotene determination in, 33 
wilted, nutrient conservation in, 716* 
Silage organisms, energy' sources for, 901 
Sire selection, a different slant on, 730* 

Skim milk, heated, isolation of furfural from, 
222 

Sodium citrate, as stabilizer for frozen homo- 
genized milk, 175 

Soil fertility, effect on dairy cows, 710* 
Soluble nitrogen in milk, influence on S, lactis 
and coliform bacteria on, 652 
Sow’s milk, fat and vitamin A in, 22 
Soybean oil, 

crude expeller, calf feeding with, 429 
hydrogenated, calf feeding with, 429 
Soybean oil meal, effect on plasma and milk 
vitamin A and carotene, 565 
Soybeans, 
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and vitanin A requirements of dairy eattle> 
714* 

in calf rations, 609 

raw, effect on plasma and milk vitamin A 
and carotene concentratlons7565 
Spermatosoa, 

livability and fertility of, effect of diluters 
on, 604 

motility of, effect of diluter composition on, 
340 

oxygen damage to, effect of catalase on, 353 
Stabilizers, for frozen komogenized milk, 175 
Stale flavor^ 
of butter oil, 716* 
of dried whole milk, 383 
Sterility, 

hormone treatment for, 45 
nutrition and treatment of, 60 
Stilbestrol, in bovine mammary development, 
707* 

Stimulus, conditioned, milk production after, 
17 

Stomach, bovine, protozoa in, 806 
Streptoeoceus agalactiae, in mastitis, 720* 
Streptococcus eremoris, 
bacteriophage multiplication on, 701* 
effect of penicillin and other antibiotics on, 
961 

nutrition of, 701* 

Streptococcus Sysgalactiae, in mastitis, 720* 
Streptococcus faecaUs, in Cheddar cheese, 630 
Streptococcus lactis, 
action of bacteriophage on, 702* 
bacteriophage multiplication on, 701* 
effect of penicillin and other antibiotics on, 
961 

nutrition of, 701* 

soluble nitrogen produced in milk by, 652 
Streptococcus uheris, in mastitis, 720* 
Streptomycin, 

for improving semen fertility, 722* 
semen livability and bacterial content in- 
fluenced by, 183 

Subtilin, effect on lactic streptococci for 
cheesemaking, 961 
Sulfanilamide, 

for improving semen fertility, 722* 
in semen dilators, 722* 

Sulfhydryl groups, in heated milk, 398 
Sulfonamides, in semen dilutors, 604 
Surface growth, on blue cheese, 704* 

Surface tension, 
of fresh milk surfaces, 406 
of milk, 698* 


Sweet potatoes, d^ydrated, as feed for lao- 
tating cows, 725* 

Sweetness, of com sugar products in ice 
cream, 697 

Tempebattob, 

effect on carotene and vitamin A of milk 
fat, 718* 

external, effect on fat unsaturation, 700* 
Testis biopsy, semen influenced by, 327 
Testosterone, in vitro effect on consump- 
tion of sperm, 726* 

Thermal death time studies, on eoliform bac- 
teria, 702* 

Thyroid gland, size in southern cows, 708* 
Thyroprotein, 

feeding during lactation decline, 708* 
feeding during first lactation, 278 
low-level feeding for 52 weeks, 257 
Thyroxine, 

effect on fertility of semen, 322 
effect on sperm 0^ consumption, 726* 
Tocopherols, 

in milk, effects of feeding on, 700* 
in ration, effect on colostrum, 458 
influence on milk and fat production, 133 
mUk stability to oxidation affected by, 196 
Transmitting ability, of sire, number of 
proved sons necessary for evaluation of, 
706* 

Tricalcium phosphate, fused, as low-fluorine 
phosphorus supplement, 228 
Triphenyltctrazolium chloride, vital studies on 
semen with, 1013 

Tryptophane, free, determination in cheese, 
704* 

Type ratings, of Ayrshires, as heifers and as 
cows, 376 
Tyramine, 

in Cheddar cheese, 316, 630 

Udder treatment, milk let-down influenced 
by, 725 

ViSOOSITT, 

measurement of, torsion pendulum viscosi- 
meters for, 452 
of milk products, 462 
Vitamin A, 
absorption, 

by calves, effect of dispersion on, 711* 
by ruminants, 714* 
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activated glycerol dichlorohydrin test for, 
688 

depletion of calf stores of, 418 
effect of prepartum milking on, 919 
fetal stores of, utilization by newborn calf, 
764 

in butter, carotebo in feed and, 714* 
in calf plasma, prepartum milking and, 1032 
in calf plasma and liver, influence of pas- 
ture and early rumen development on, 
1016 

in colostrum, 587 

effect of ration supplements on, 458 
factors influencing, 209 
in milk, 

influence of pasture herbage on, 955 
interrupted milking and, 977 
in milk and plasma, soybean products and, 
565 

in plasma, 

effect of Brucella vaccination on, 914 
of calves from dams milked prepartum, 
711* 

in sow’s milk, 22 

in spray-dried milk, stability to drying, 695 
of milk fat, influence of temperature on, 
713* 

prepartum supplement of, effect on calves, 
367 


requirements by cattle, relation of soybeans 
to, 714* 

supplementing calf rations with, 418 
Vitamin A alcohol, in ration, effect on colos- 
trum, 458 . 

Vitamin A ester, in ration, effect on colos- 
trum, 458 

Vitamin Bis, role and sources of mammals, 
715* 

Vitamin 0, elimination of, effect on oxidized 
flavor of homogenized milk, 786 
Vitamin 1), in roughages, 715* 

Vitamin E, effect on reproduction, health, milk 
production and growth, 495 
Vitamins, fat-soluble, stability in cream and 
butter, factors influencing, 679 

EIGHT standards, for Jersey heifers, 
718* 

Whey, 

dehydrated, in ice cream and sherbets, 697* 
use in sherbets, 696* 

Wood molasses, and growth of heifers, 719* 

Yeast, in surface smear of brick cheese, 
475 
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ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

1. Penidliui therapy in chronic bovine mastitis. 

II. Penicillin levels in the udder during treat- 
ment. R. A. Packer, Iowa State College, Ames. 
Am. J. Vet. Research, 9, 32: 259-263. July, 
1948. 

Penicillin in saline solution was injected into 
udders. The data indicated that less penicillin 
at 12 hr. after injection had left the quarters pro- 
ducing the greater quantities of milk. Differ- 
ences were minor after a period of 24 hr. There 
were no marked differences between the quan- 
tities of penicillin which remained in the udder 
secretions 24 hr, after injection when 25,000 and 
200,000 units were used. Similar levels were ob- 
tained 12 hr. post-injection in secretions from a 
staphylococcic infected quarter and a non-infected 
one. Levels of penicillin in udder secretions were 
fairly similar regardless of the time during milk- 
ing when the samples were collected. Frequency 
of injection influenced the levels maintained in 
udder secretions more than the quantities in- 
jected. V W. D. Pounden 

2. Penicillin therapy in chronic bovine mastitis. 

III. Treatment of mastitis. R. A. Packer, Iowa 
State College, Ames. Am. J. Vet. Research, 9, 
32: 264-269. July, 1948. 

Little difference in results was obtained in the 
treatment of streptococcic udder infections be- 
tween 1 or 2 injections of penicillin at 24 hr. in- 
tervals and 3 or 4 injections at 12 hr. intervals. 
Average results were 83% for all cases using 25,- 
000 to 200,000 units in 50.0 cc. saline solution. 
Successfully treated staphylococcic cases were 
22% for 1 or 2 injections and 48% for 3 or 4 
injections. W. D. Pounden 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

3. Apparatus for the molding of butter and like 
products. J. O’Connell. U. S. Patent 2,451,- 
301. 20 claims. Oct. 12, 1948. Official Gaz. 
U. S. Pat Office, 615(2) : 459. 1948. 

A machine is described which continuously and 
automatically molds butter into various shaped 
and jneces. A number of identical molds 
rotate from beneath the filler to a member which 


discharges the product from the mold thence re- 
turning to the tilling position again. 

R. Whitaker 

Also see abs. no. 21. 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

4. Quality improvement in Canadian Cheddar 
cheese. W. H. Sproule. Can. Dairy Ice Cream 
J., 27, 7: 29-32. July, 1948. 

The concentration of effort to improve Ched- 
dar cheese should include (a) explicit informa- 
tion to the producer of sanitary methods of pro- 
duction and cooling of milk; (b) more extensive 
use of the single service milk filter on the farm; 
(c) checking of milk on the receiving platform, 
aided by reductase test taken at regular inter- 
vals; (d) adoption of an organized plan of .sedi- 
ment testing of milk and cheese; (e) more cx- 
teasive use of filter strainers at the factory and 
(f) prevention of coal dust or about material get- 
ting into milk and curd during the manufactur- 
ing process. H. Pyenson 

5. The manufacture of low-acid rennet-type cot- 
tage cheese. H. R. Lcx:hry, Bureau of Dairy 
Ind., Agr. Research Admin. Southern Dairy' 
Products J., 44, 3: 84-85, 88-90, 92, 94. Sept., 
1948. 

Low-acid, rennet-type cottage cheese is a su- 
perior product. It may be manufactured by the 
following procedure: Set at 70 to 72® F. skim 
milk pasteurized by the holding method or the 
short-time method and add enough active .starter 
(about 0.5 to 1%) to produce from 0.51 to 0.53% 
acidity in the whey by the time curd is to be cut. 
Add I ml. of rennet per 1,000 lb. of skim milk. 
Maintain uniform temperature. Cut the curd 
into half-inch cubes. Cover the curd with at 
least 2 inches of water at 115 to 120® F. 
and apply steam in the jacket of the vat to raise 
the temperature in 1 to 2 hr. to 110 to 120® F., 
or until the curd has the proper firmness when 
tested after dipping a sample in cold water. Stir 
the curd carefully to avoid breaking. Wash the 
curd with tap water and then with ice water. 
Drain for 1 hr. and add 1 lb. of salt per 1,000 
lb. of skim milk. Hold in cooler at 32 to 40® F. 
for 4 hr. or until day of sale. 

To each 100 lb. of curd add 1 lb. of salt, 30.5 
lb. of pasteurized 18% cream, preferably homog- 
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enized, and enough 4.2% milk to produce the 
desired consistency. F. W. Bennett 

6, New product developments leading to greater 
dheese sales. G. H. Wilster. Can. Dairy Ice 
Cream J., 27, 6: 52-62. June, 1948. 

The factors involved in the expansion of cheese 
sales are: (a) continued high consumer income 
and the desire by the consumer for good food of 
which cheese is one; (b) shortage of meat and 
meat products; (r) varieties of cheese other than 
Cheddar should be offered for sale; (d) cheese 
quality improvement and standardization of qua]> 
ity; (e) reduction in cost of production through 
developing economics in the manufacture and 
packaging of cheese and more efficient utilization 
of whey; (f] improved merchandising methods; 
(g) further education of consumer regarding the 
nutritional value of cheese and in the methods of 
using cheese to advantage in preparing menus; 
and (h) education of homemakers in methods of 
serving and caring for cheese in the home so that 
the product will have maximum palatability. 

H. Pyenson 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

7. A modification of the Voges-Proskauer test 
for rapid colorimetric determination of acetyl- 
methylcarbinol plus diacetyl in the butter cul- 
tures. N. King, Dairy Inds., 8, 9: 860-861. 
Sept., 1948. 

A modification of the Ritter test for acetyl- 
methylcarbinol plus diacetyl is described. Re- 
agent A is a 30% aqueous solution of KOH. Re- 
agent B contains 0.1 g. dicyandiamide and 4.0 
g. a-naphthol in 10,0 ml. amyl alcohol and 50.0 
ml. ethyl alcohol. 

The test is performed as follows; To 2 ml. of 
the untreated culture are added 1 ml. of reagent 
A and 1 ml. of reagent B. The reaction is car- 
ried out in a wide test tube to obtain better con- 
tact with the air, or strictly speaking with the 
oxygen of the air, which may be regarded as the 
third reagent. The mixture is brought to about 
30® C. in a water bath, held 30 minutes and 
repeatedly shaken. A more or less intense red- 
lilac coloration develops, depending on the con- 
tent of acetylmethylcarbinol. The fluid then is 
filtered through a paper filter. The color inten- 
sity of the clear filtrate is compared with the in- 
tensity of a color standard which corresponds to 
a content of acetylmethylcarbinol of 2 mg. per 
100 ml. of cultures. A dilution technic is de- 
scribed to aid in quantitative measurements. The 
compoaitkm and preparation of the color standard 
is in detail. G. H. Watrous, Jr. 


8. Grading milk with the zesazuria test. N. S. 

GoLXttNO. Gan. Dairy Ice Cream J., 27, 7: 33, 
82. July, 1948. 

One of the official methods of grading milk 
in the 9th edition of Standard Methods for Dairy 
Products of the American Public Health Asso- 
ciation will be the resazurin test. Prepared sterile 
vials have been made available by the Dairy Hus- 
bandry Department at the State College of Wash- 
ington. The teaching of the resazurin test by a 
practical short course invites many questions and 
probably is the best way for field men and others 
to understand the work. H. Pyenson 

9. Direct versus plate counts. L. D. Searing. 
Can. Dairy Ice Cream J., 27, 7; 37-39. July, 
1948. 

The usual advantages and disadvantages of the 
direct microscopic count and the plate method of 
counting bacteria in milk are outlined. Some 
practical comparisons are given. On 129 sam- 
ples, the average plate count was 20% higher 
than the average direct count. H. Pyenson 

10. A combination of the resazurin test and the 
direct microscopic count for the bacteriological 
examination of milk. A. L. BoRTuri and R. D. 
Spfncfk, Mith. Agr. Expt. Sta., East Lansing. 
J. Milk and Food Tcchnol., II, 5; 256-258, 268. 
Sept.-Oct., 1948. 

A direct comparison of the resazurin test and 
direct microscopic count is not possible m check- 
ing the quality of milk. However, the authors 
suggest a combination of the resazurin test and 
direct microscopic count in checking the milk. 
All samples placed in class 1 by the reduction 
test in general showed a low bacterial count, 
while those samples placed in class 4 definitely 
were of low quality. 

Apparently, the resa/urin test could be used 
as a screening tr.st to eliminate high quality 
milk samples from further examination. The 
test also may be useful in detecting low quality 
milk subject to further examination and field 
work. H. 11. Wriser 

11. Significance of coliform bacteria in pas- 
teurized milk and milk products. M. P. Bakfr, 
Dept, of Dairy Ind., Iowa State College, Ames. 
Milk Plant Monthly, 37, 8: 82-84, 95. 1948. 

Coliform organisms consistently come into pas- 
teurizing plants with the raw milk, and while 
they do not resist pasteurization, except rarely, 
there are a number of ways they can find their 
way around the pasteurizing process and into 
the pasteurized product. Their presence in the 
pasteurized product indicates that they got in 
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there after heating, whicti means unclean equip- 
ment or improper protection of the product 
against drip contamination, hand contact, etc. 
Their numbers in pasteurized products depend 
upon the amount of contamination and also on 
the amount of the growth that may have taken 
place in the product. Coliform count thus is 
an index to the sanitation in the plant, par- 
ticularly in the handling after pasteurization. 

G. M. Trout 

12. The potentiating action of sulfonamides on 
the Brucella antibody-complement system. 1. F. 
Huddleson, Mich. State College, East Lansing. 
Am. J. Vet. Research, 9, .32: 277-285. July, 
1948. 

Previous work by the same author had shown 
that undiluted fresh scrum or plasma from most 
normal as well as immune cattle contained 
specific antibodies which in combination with 
complement killed Brucella organisms. How- 
ever, a similar effect could not be demonstrated 
in similar blood constituents from Brucella-in- 
fccted cattle. Under certain conditions when 
complement was added to the latter scrum or 
pla.sma, growth in vitro of the organisms was 
delayed. Further work showed that the tem- 
porary* growth-inhibiting effect of sodium sul- 
fonamide salts for Brucella organisms in suitable 
culture medium, was enhanced to a bactericidal 
effect when fresh normal serum was added, but 
not when serum from infected animals was used. 
The failure of the latter serum is explained as 
being due to the prozone antibody phenomenon. 

Experimentally produced brucellosis in guinea 
pigs was markedly alleviated by the feeding of 
0.2 g. sulfadiazine, along with the intrapcritoneal 
injection of normal or immune rabbit serum. 

W. D. Pounden 

Also see abs. no. 1, 2, 69, 70. 

DAIRY CHEMISTRY 

H, H. SOMMER, SECTION EDITOR 

13. A synthesis of cis-ll-octadecenoic and trans- 
11-octadecenoic (vaccenic) acids. K. Ahmad, 
F. M. Bumpus, and F. M. Strong, Dept, of 
Biochem., Univ. of Wis., Madison. J. Am. 
Chem. Soc., 70, 10: 3391-3394. Oct., 1948. 

The configuration of natural vaccenic acid 
(isolated from beef tallow) is trans-ll-octadc- 
cenoic acid. Synthesis of the acid was accom- 
plished readily with excellent yields by condensa- 
tion of 1-octyne with l-chloro-9-iodonane and 
conversion of the resulting 1-chloro-lO-hcptadc- 
cyne, via the nitrile, to 11-actadecynoic acid. 
IWtal hydrogenation of the acetylenic bond 


in the latter produced only cti-ll-octadecenoic 
acid which was isomcrized to the trans form 
(vaccenic acid) with selenium. 

Synthetic vaccenic acid was found to melt 
at 43-44® C. Natural vaccenic acid melts at 
39® C., according to Bertram. The cis isomer 
melts at 10.5-12® C. The method of synthesis 
embraces the following reactions: 

Na 

CHa(CH,)5C s CH + I(CHa)9Cl ► 

liq. NH, 
NaCN 

CH3(CHa)aC s C(GHa > 

KOH 

Ho 

CH3(CHa)aG s C(CH3)3C00H ► 

Ni 

CH3(CH3)3CH = CH(CH2).,C00H 
H. j. Peppier 

14. A comparison of semi-monthly and monthly 
composite samples as a basis of paying for milk. 
E. O. Herreid, Univ. of 111., Urbana. Milk 
Dealer, 37, 10: 58-64. July, 1948. 

Data are presented comparing fat test of 
semi-monthly and monthly composite samples. 
If preserved composite milk samples are kept 
in clean, sterile bbttles at 50® F., or less, in 
good physical condition and free from mold 
growth and are properly prepared, sampled and 
tested by the Babcock procedure, semi-monthly 
composites yield slightly more milk fat than 
monthly composites. However, the difference is 
so small that testing can be done monthly with- 
out material injustice to the patron or to the 
plant. Semi-monthly and monthly composites 
can be reprepared and retested once, after hold- 
ing for 48 hrs., and the results will be reasonably 
comparable with those secured from tests made 
at the end of the sampling period. Significantly 
lower results arc apt to be obtained if composite 
samples are reprepared and retested a second or 
a third time. C. J. Babcock 

15. A procedure for determination of DDT in 
milk. D. E. H. Frear, Dept, of Agr. and Biol. 
Chem., Penn. State College. Milk Plant 
Monthly, 37, 8: 96-99. Aug., 1948; Milk 
Dealer, 37, 12; 58-62. Sept., 1948. 

The author describes in specific detail the 
method of determining quantitatively the amount 
of DDT present in milk. G. M. Trout 

16. Manufacture of artificial textile fiben. A. 
Ferretti. (vested in Attorney General of U. S.) 
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U. S. Patent 2,450,889. 2 claimi. Oct. 12, 
1948. Official Gaz. U. S. Pat. Office, 615(2): 
357. 1948. 

A textile fiber is produced by dissolving casein 
in a mixture of caustic alkali and Na and K 
silicates, spinning fibers from the mixture and 
then coagulating same with an acid. 

R. Whitaker 

Also see abs. no. 7, 40, 41. 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

17. Color combinations-— their importance to ef- 
ficient, sanitary dairy products plants. A. C. 
Terrell, A. C. Terrell Co., St. Ix>uis, Mo. 
Southern Dairy Products J., 44, 4: 40, 90-91, 
98. Oct., 1948. 

Paints for dairy plants should be selected to 
protect buildings and equipment and to safe- 
guard the employees and add to their efficiency. 
Gloss enamel finishes last longer than flat paints, 
arc washable and have greater reflection. En- 
amels should be selected for resistance to mois- 
ture, steam, oils, fats, acids and alkalies, to 
which they may be exposed. Colors which 
properly reflect or absorb light, have warmth 
or coolness, stimulate or relax to suit the loca- 
tion should be selected. Light gray is recom- 
mended for equipment to increase visibility. 
Color standards for safety should be observed, 
especially to call attention to hazards 

F. W. Bennett 

18. Heating apparatus. D. D. Pebbles, (as- 
signed to Golden State Co.) U. S. Patent 
2,452,260. 3 claims. Oct. 26, 1948. Official 
Gm. U. S. Pat. Office, 615(4): 988. 1^. 

A heater for liquids, including food products 
like milk, is constructed of a tube into one end 
of which steam is admitted. The fluid to be 
heated is introduced directly into the flowing 
steam through a series of equally spaced tan- 
gentially directed jets which cause the liquid to 
spiral inwardly and to be discharged through 
the end of the tube opposite to the steam inlet. 

R. Whitaker 

19. GoDtiifngal separator. B.S. Hughes, (as- 
signed to Zaremba Go.) U. S. Patent 2,452,465. 
1 claim. Oct. 26, 1948. Official Gaz. U. S. 
Pat. Office, 615(4): 1038. 1948. 

An entrainment separator for vacuum pans is 
described. R. Whitaker 

20l Ffiter. J. P. O’Meara, (assigned to W. 
M. fiprinkman Oorp.) U. S. Patent 2,452,486. 


4 claims. Oct. 26, 1948. Official Gaz. U. S. 
Pat. Office, 615(4): 1044. 1946. 

A filter for fluids, such as water and milk, 
consisting of a series of horizontal disks, per- 
forated and so arranged that the product passes 
slowly upward through pads of doth, cotton, 
paper, etc., is described. Heavy particles col- 
lect on the plates rather than the pads. 

R. Whitaker . 

21. Chum. W. Rivers. U. S. Patent 2,452,- 
492. 1 claim. Oct. 26, 1948. Official Gaz. 
U. S. Pat. Office, 615(4): 1045. 1948. 

A small vertical churn having an oscillating 
agitator supported on the bottom is described. 

R. Whitaker 

22. Dairy plants need pure, fresh air. Clyde 
Tompkins, Reynolds Electric Co., Chicago, 111. 
Milk Dealer, 37, 10: 68-70. July, 1948. 

The need for pure, fresh air in dairy plants 
is stressed. Enclosed or partially enclosed rooms 
can secure forced air circulation by: (a) air 
conditioning, whereby washed or filtered air of 
a desired temperature is forced into the room 
through ducts by blower type fans; (b) an ex- 
haust fan, whereby a fan is located in an outer 
wall, usually near the ceiling of a room and 
there normally is an air intake near the floor of 
the room; (c) the use of free circulating fans 
which keep the air in the room in motion. 

The types of free air circulating fans arc: (a) 
the horizontal blowing fan which keeps the air 
in motion to a greater or less degree but leaves 
dead air spots in the room; (b) the horizontal, 
oscillating fan which blows a while in one di- 
rection and then automatically changes and 
blows it in another direction, the various cur- 
rents set up by this action tending to neutralize 
each other and leave much of the air in the 
room stagnant; (c) the fan which blows up- 
wards at high velocity, the air velocity, on 
striking the ceiling being transformed into an 
expanding turbulance which travels slowly along 
the ceiling, down the walls and up to the fan 
again. Tests have shown the latter type .to be 
most effective. 

The importance of air circulation in a re- 
frigerated room also is discussed. 

C. J. Babcock 

Also see abs. no. 3. 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

23. Tbe need iar MaodMcdintiM of apar o ddi 
nwdwdt io dafar piweHtat ploaH. W. H. E. 
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Reid, Univ of Mo , Ciolumbia Southern Dairy 
Products J . 44, 4 45, 84-85, 87-88 Oct . 1948 

The following points have been considered by 
the most successful dairy plant operators m 
standardizing their operating methods good will 
of consuming public based upon quality of prod 
uct, efficiency of operation, feeling of personal 
responsibility and importance of all employees, 
character and mtegrity of employees, ability of 
employees to command re&pert and cooperation 
of other people, cooperation with health and 
(ontrol officials, convenuiKt and sanitation of 
rest rooms, locker rooms and shower baths, air 
conditioning of plant, and good housekeeping to 
maintain the plant and equipment samtary, at- 
tractive and in most efficient working order 
1 W BcniKtt 

24. What is any business worths A C K»ch- 
iiN, Public Accountant, Pompton lakes, N J 
Icc Cnam Rev, 31, 3 52, 54, 5G Oct, 1948 

Ihe tangible net worth of the business mav 
be arrived at quite readily bv deducting from 
the current market value of the physical assets 
the value of all liabilities The difference be 
tween these 2 values represent the current tan 
gible mt worth of the business 

The intangible value of the business is made 
up of good will and eaining power One method 
of arriving at a fan valua for good will is to 
determine the average net profit, the average 
capital investment and the average return on the 
capital investment at 5% for the past 3 )cars of 
opeiation Then subtract from the average net 
profit the average return on capital investment 
figured at 5% Multiply the difference by 5, 
representing the “number of years purchase’ 
The figure representing the number of years 
pui chase may vary depending upon the length 
of time the business has been in operation, the 
trend in profits for the business and general 
business conditions Usually a figure between 
2 and 10 is used as the number of years purchase 
The value of the business as determined by this 
procedure, would be the sum of the tangible 
net worth plus the value arrived at for good will 

Another procedure for ariivmg at the value 
of good will IS to multiply the average earnings 
for the business dunng the past 5 years by 10 
and deduct from this figure the value of the 
assets The difference between these 2 values 
>*cprescnts the value of good will 

Anyone who is contemplating the sale of his 
business would do well to figure the value of 
good will by each method presented before dc 
termming the value to be placed on the business 
W J Caulfield 


25. Co-operatively built plant Anonymous 
Milk Dealer, 37, 9 50 51, 71 June, 1948 

Fourteen independent milk dealers m Spring 
field. Mass pooled resources to construct a 
jointly operated $350,000 pasteurizing plant 
Carrying on processing operations in the new 
plant under the name of Dairy Center, Inc , the 
14 individual milk dealer owm rs are continuing 
to distribute co operatively processed dairy prod- 
ucts independently under their own firm names 
m their own commumtu s C J Babcock 

26 Where do we go from here‘s A R Stfv ens, 
National Dairy Products Corp , New York City 
Milk Dealer, 37, 9 168-174 June, 1948 

A discussion of the opportunities in the dairy 
industry and the factors that challenge these 
opportunities is presented The following arc 
mentioned as some of the things that should be 
included m the programs of all parts of the 
dairy industry (a) thorough and consistent dis 
seminition of information regarding the ero 
noinics of the dair> business (b) i fair and 
reasonable profit without tampering or inter- 
fering with the qualit) of dairy products (c) 
educate dealers to retail dairy products to the 
public at fur mark ups (d) make dairy prod 
ucts convenient to the public to buy, which 
means distributing them through every possible 
outlet, (e) surround the sale and consumption 
of dairy products with an atmosphere of cleanli 
ness and sanitation, and (f) in addition to nu 
trition, give greater emphasis to the goodness 
and appetite appeal of dairy products 

C J Babcock 


27. Cutting operating cost through better man- 
agement. E L BaIjm Iowa State College, 
Ames Milk Dealer, 37, 12 53, 75 Sept, 
1948 

The only recourse left to the dairy plant 
operator in meeting the increased cost of his 
fluid milk supply, as well as the increased cost 
of equipment, labor, etc , is to cut costs through 
better management To do this, it is necessary 
to (a) keep closer records of all milk utiliza- 
tion and butterfat losses, container costs, etc 
^b) keep daily plant records in order to locate 
excess plant labor and to show where it can be 
shifted (c) study plant operations to observe 
labor inefficiencies and inefficiencies caused by 
improper placement of equipment (d) use 
straight-line methods of machinery depreciation 

C J Babcock 

Also see abs no 42, 48, 51, 52, 53, 54 
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FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

28. Seasonal variations of carotene and other 
nutritionally important constituents in the two 
pasture grasses Dallis and Carpet. J. R. Kup- 
PEAS, L. L. Rusoff, and D. M\ Seath. J. Agr. 
Research, 77, 2: 55-63. July 15, 1948. 

A study was made of the seasonal trends of 
some nutritionally important constituents of 2 
species of pasture grasses, Carpet {Axouoptis 
affinis) and Dallis {Paspalum dilatatum) during 
a growing season of 9 months. On the average 
and over the greater part of the season, Dallis 
grass had a higher content of crude carotene, 
crude protein, lignin, cellulose, calcium, phos- 
phorus, ash and moisture. During the hot 
months of Aug. and Sept., Carpet grass was as 
good as, or better than, Dallis grass as a source 
of carotene, protein, calcium and phosphorus. 
Seasonal variations in composition were less for 
Carpet grass than for Dallis grass. Significant 
correlations were found between crude carotene 
and crude piutein in both Carpet grass (+0.52) 
and Dallis grass (+0.73). H. Pyenson 

29, Feed all the colostrum. N. N. Allen, Univ. 
of Vt., Burlington. Hoard's Dairyman, 93, 21: 
805. Nov. 10, 1948. 

Three group.s of calves were used to determine 
to what extent stored colostrum could replace 
marketable milk for calf raising. Group 1 (con- 
trol group) was fed the dam’s milk for 10 d. and 
then changed to mixed milk. Group II was fed 
fresh colostrum the first d. The remainder of the 
colostrum produced through the third d. after 
parturition was frozen and fed during the first 
10 d. of the calfs life in the order that it was 
produced. Then the calves were put on mixed 
milk. Groups I and II were fed skim milk from 
5 to 9 weeks of age. Group III was handled like 
the second for the first 10 d., after which they 
were fed stored colostrum until 9 weeks of age. 
The all-colostrum calves (group III), which had 
averaged 5.5 lb. lighter at birth, averaged 3 lb. 
heavier at 9 weeks of age. Group 11, which 
averaged 0.8 lb. lighter than the check lot at 
birth, averaged almost 2 lb. heavier at 9 weeks. 
While the calve.s of all 3 groups were thrifty and 
husky, the all-colostrum animals had the sleek- 
ness typical of calves fed whole milk. Colostrum 
can replace an equal amount of salable milk 
when used properly. J, B. Frye, Jr. 

Also see ahs. no. 88. 


GENETICS AND BREEDING 

N. L. VAN DEMARK, SECTION EDITOR 

30. Hyaluronidase activity of spermatozoa. O. 
Hechter, and Z. Hadidxan, Worcester Founda- 
tion for Experimental Biology and Tufts Medical 
School. Endocrinology, 41, 2 : 204. Aug., 1947. 

Rabbit semen, collected with an artificial 
vagina, was utilized and in all instances the semen 
w'as studied within 24 hr., and in most instances 
within 1 hr., after collection. The semen sample 
was centrifuged, and successive saline washings 
made of the spermatozoa followed by centrifuga- 
tion. Hyaluronidase activity was measured by 
either a viscometric or a skin spreading method 
of assay. Using the spreading method of assay, 
it consistently was observed that the hyaluronidase 
concentration in the second, third, fourth, fifth, 
and sixth washings remained nearly equivalent to 
the original seminal plasma. In the seventh 
washing, the enzyme activity fell off at least 10- 
fold. It was concluded that the hyaluronidase 
activity obtained in the washings of sperm either 
must be derived from the spermatozoa or closely 
associated with them. Ralph P, Reece 

31. Motility of bovine spermatozoa. G. K. Rao 
and G. II. Hart, Univ. of Calif. Am. J. Vet. 
Research, 9, 32: 286-290. July, 1948. 

Motility of sperm normally is initiated in the 
ampullae but can be induced in sperm from 
deeper regions of the reproductive tract. It is 
the outcome of admixture of the sperm with 
accessory secretions rich in electrolytes and the 
influence of a series of functions of the organs 
of the reproductive tract. Examination and eval- 
uation of bovine semen as regards motility are 
discussed in detail. W. D. Pounden 

Also see abs. no. 67. 

HERD MANAGEMENT 

H. A. HERMAN. SECTION EDITOR 

32. Teat draining tube. H. A. Alcorn. U. S. 
Patent 2,450,217. 1 claim. Sept. 28, 1948. 
Official Gaz. U. S. Pat. Office, 614(4); 982. 
1948. 

A tube having one end tapered to a blunt point 
for inserting into a cow’s teat to facilitate drainage 
of milk is described. Spiral channels on the sur- 
face permit the milk to flow between the teat 
wall and the device proper. R. Whitaker 

33. Escharotic sohitioii for ddhorniBg calves. 
J. £. Guthrie, (assigned to Hess and Clark, 
Inc.) U. S. Patent 2,450,953. 2 claims. Oct. 
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12, 1948 Official Ga? U S Pat Office, 615 
(2) 372. 1948 

Calves may be dehorned by antimony chloride 
dissolved in mtrocellulose lacquer 

R Whitaker 

34. Gutting production costs. Anonymous 
Milk Dealer, 37, 12 48-49, 100-101 Sept, 
1948 

The experiments bemg conducted on an all- 
electnc dairy farm by the Univ of Wis College of 
Agriculture in cooperation with the Wis Utili- 
ties Assoc to determine means of reducing labor 
on dairy farms are described Principal equip- 
ment are a bam cleaner, silo unloader, silage 
dispensing cart, cow trainers, ventilating fan, hay 
drier, mechanical milk cooler, milking machine, 
hot water heater, can rack and sink for washing 
hands Ihe silo unloader and barn cleaner are 
expected to be the greatest labor and time 
savers The use of a flow diagram to check 
routes of feed distribution, movement of bedding, 
carrying of milk from cows to milk house and 
other farm chores is suggested as another means 
of cutting labor costs C J Biibcock 

Also sec abs no 29 

ICE CEEAM 

C D DAHLE, SECTIQpi EDITOR 

35 Chocolate coated ice cream. J R Devor 
Can Dairy Ire C ream J , 27, 6 34-36 June, 
1948 

Chocolate coated ice cream bars are not ad- 
vertised or displayed as much as other ice cream 
products or chocolate candies The high cost 
of chocolate can be overcome b> making a 
smaller bar, putting the chocolate on thinner and 
laising the price of the bar In Canada there 
IS a lack of trained chocolate temperers for the 
ice cream industry Research work on chocolate 
has developed a satisfactory coating for ice cream 
Ideal storage for chocolate is between 50 and 
60® F The chocolate should be processed be- 
tween 140 and 160® F and mixed The heating 
before dipping will vary with the coating It 
IS important to keep all moisture out of and 
away from the chocolate, otherwise it will darken, 
thicken and become granular H Pyenson 

36. Wrapper for frozen confections. S B 
Smith U S Patent 2,450,364 3 claims 

Sept 28, 1948 Official Gaz U S Pat Office, 
614(4) 1019 1948 

Frozen confections on a stick are enclosed in 
a paper wrapper which may be peeled as con- 


sumed, providing insulation and acting as a dnp 
collc( tor R Whitaker 

37. The use of liquid sugar in ice cream. H 
G Duniop Can Dairy Ice Cream J, 27, 7 
35-36 July, 1948 

Liquid sugar is an accepted standard ingredi- 
ent in ice cream The savings amount to 30 to 
45 cents per cwt No trouble has been en- 
countered with fermentation Crystallization was 
eliminated by insulating the tanks The con- 
c( ntration of the sugar solids should not be more 
than 67% Storage is not a problem when plan- 
mng and scheduling is done properly The 
amount of liquid sugar is measured by a meter 
on an auxiliary calibrated tank The quality of 
liquid sugar is high H Pyenson 

38. Liquid sugar for use in ice cream. Anony- 
mous Itr Cream Rev , 31, 3 64, 66-68 Oct , 
1948 

The use of liquid sugar as a standard ingredi- 
ent of ice cream is increasing among the larger 
plants located near a source of supply The 
installation of equipment for the efficient han- 
dling of liquid sugar usually is justified if the 
annual consumption of sugar is not less than 

250.000 lb The customary method of delivery is 
by stainless steel trucks with a capacity of 1,500 
to 2,500 gallons or by lank cars holding from 

6.000 to 10,000 gallons Liquid sugar may be 
obtained as a pure water solution of sucrose, 
sucrose and invert sugar, or sucrose and corn 
syrup If invert sugar is present, the amount 
should not exceed 15% because of the effect of 
the invert sugar on the freezing point of the mix. 
The liquid sugar for use in ice cream mix some- 
times IS measured b> volume using special mcas 
uring tanks or mvteis A more accuiate method 
IS to weigh the syrup with a tank-scale as it 
flows to the pasteurizer 

Liquid sugar in ice cream saves time and 
labor in handling, conserves valuable storage 
space since the storage tanks for liquid sugar 
can be located in areas where space is not at 
a premium, assists in streamlining plant opera- 
tions, IS more sanitary and offers less chance for 
waste or loss Limitations of the product are 
the higher transportation costs because of the 
water contained m the product and the require- 
ment of 2 storage tanks of large capacity in most 
cases to insure providing an adequate supply of 
the product on hand at all times 

W. J Caulfield 

39. Flavor materials. Carl Kofrvfr, Pioneer 
Ice Cream Div , The Borden Co , Brooklyn, N Y 
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Ice Cream Trade J., 44, 10: 84, 164-173. Oct., 
1948. 

Coffee flavored ice cream is very popular in 
the New England States. It is consumed mostly 
by adults. Some coffee extracts have lost their 
caffein content, and ice cream flavored with these 
is safe for children to eat. No added color 
should be used since it detracts from the coffee 
flavor. 

The amount of chocolate flavor will vary in 
different localities. Three to 4% by weight of 
cocoa and up to 7% of liquor chocolate may be 
used. This amount of chocolate flavor will add 
0.5 to 3.5% cocoa butter to the ice cream; too 
much cocoa fat gives the ice cream a gummy 
and sticky body. About 3 quarts of chocolate 
syrup are used to make 5 gallons of mix. Choc- 
olate ice cream needs more sugar than vanilla; 
sometimes 18 to 20% sugar is used. Milk solids 
may be reduced to 8 or 9% and the stabilizer 
cut one-half. From 4 to 6% chocolate flavor 
should be used. Straight liquor chocolate is not 
recommended. 

Strawberries for ice cream should be packed 
with 1 part of sugar to 3 parts of berries; usually 
Marshal berries from Oregon and Blakemore and 
Missionary from the South are used. Care 
must be taken to make sure that all of the sugar 
is dissolved before the berries are frozen. Straw- 
berry ice cream and most fruit ice creams can 
stand 19 to 21% sugar. It may be desirable to 
make a special mix for strawberry ice cream 
containing 12% fat, 12% serum solids and 
12% sugar with highest limit of stabilizer. 
Seven gallons of this mix, and 3 gallons of 2 
to 1 pack strawberries will give a combination 
testing 8.4% fat, 8.4% solids-not-fat and 20.5% 
sugar. Red raspberry puree, 3 to 1 pack,' of 
grade B or better berries is recommended. The 
amount needed to flavor ice cream is 3 quarts 
of puree to 34 to 37 quarts of mix. Seedless 
black raspberry puree with a sugar content up 
to 50% may be used. 

Peaches require special care in their prepara- 
tion for freezing. When lye is used in the 
blanch to loosen skins, the blanched peaches 
should be run through a cold citric acid bath. 
Ascorbic acid is added to retard oxidation and 
browning. After blanching, the peaches should 
be cooled in very cold waiter. The amount of 
peaches necessary to impart a characteristic flavor 
to the ice cream is large, usually 20 to 35% of 
a 3 to 1 pack. A peach puree, made from whole 
pitted peaches with the skins, may be used in 
combination with fresh peaches, using 0.67 
peaches and 0.33 puree. Use of green peaches 
shoiiU|i |e avoided. Artificial peach flavor some- 


times is used in combination with peaches. July 
4 to Labor Day is the best season for peach ice 
cream. 

Pineapple contains an enzyme which may 
produce a bitter almond and a “fishy’* flavor, 
unless destroyed by heat. A 2.5 to 1 pack used 
at the rate of 2 to 2.5 gallons of pineapple to 
8 to 7.5 gallons of mix is recommended. Steri- 
lized canned pineapple is preferred by some 
manufacturers. 

Montmorency sour pitted cherries are not 
satisfactory for ice cream. Black Bing and Royal 
Ann cherries, especially processed for ice cream, 
may be used. This ice cream is sold under the 
name of Whitehouse or Cherry Vanilla. Five 
to 6 quarts of drained cherries are used for each 
10 gallons of mix. 

For banana ice cream, a cold pack puree using 
15 lb. to 10 gallons of mix is recommended. 
Since bananas brown readily, ascorbic acid, with 
or vrithout citric acid, is added, and this does 
not affect the flavor of the ice cream. 

Various nuts and candies are added to the 
white mix as flavor. Variegated or ripple ice 
cream rapidly is becoming one of the best 
sellers. W. H. Martin 

40. The effect of some emulsifymg agents on 
the physical-chemical properties of ice cream. 
J. J. Sheurino, Univ. of Ga., and H. Pvenson, 
Univ. of 111. Southern Dairy Products J., 44, 
5: 104-105, 107-109, 114. Nov., 1948. 

The emulsifying agents studied, glycerol mon- 
ostearate, jorbitan monostearate and mannitol 
ester of stearin, react as fat in the fat tests, but 
0.1 to 0.3% was not detected by modified Babcock 
methods and in a minority of the cases was not 
detected by ether extraction methods. These 
products do not have any preservative effect 
and do not produce any marked differences in 
pH, titratable acidity or mix viscosity. They re- 
duce whipping and freezing time 10 to 25% and 
increase shrinkage. Emulsifying agents appar- 
ently offer no protection against heat shock. 
The decreases in body and texture scores in 
storage were less vdien gelatin was used with 
emulsifying agents than when the latter were 
used alone. The use of a stabilizer with an 
emulsifying agent is recommended to get the 
maximum efficiency from both. 

F. W. Bennett 

41. The advantages of emulsi&en in die mann* 
faetnre of ice cream. H. L. Gasleb, German- 
town Mfg. Go., Philadelphia 31, Pa. Southent 
Dairy Products J., 44, 3: 28, 32. Sept, 1948. 

Emulsifiers, like natural fats, bdong to g 
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group of compounds knoi^n as esters, which are 
composed of fatty acids combined with alcohols. 
They differ from butterfat in that they contain 
more complex alcohols. If all the alcohol link- 
ages are not taken up by fatty acids, emulsifiers 
have a greater affinity both fat and water. 
Emulsifiers coat the homogenized fat globules 
and thus help to prevent clumping. Surface 
tension, the force which tends to pull the fat 
globules together to form larger masses, also is 
reduced. An emulsifier aids but cannot take 
the place of a stabilizer. Very few esters can 
be used as ice cream stabilizers. The proper 
amount of a suitable one must be determined 
by trial for each ice cream formula. 

F. W. Bennett 

42. The control of finished products in the ice 
cream plant. J. M. Brown, H. P. Hood & Sons, 
Boston, Mass. Southern Dairy Products J., 44, 
3: 108, no, 112-113. Sept., 1948. 

In the control of finished products in the ice 
cream plant, the route salesman makes his re- 
quest for products wanted in duplicate. The 
original is used by the chestman to supply the 
goods. The duplicate is used by the cashier in 
settlement and by the shipper in loading. The 
chestman releases stock only on orders written 
on designated forms. The products arc checked 
on to the truck with the route salesman. The 
route salesman is required to settle daily for all 
products in his possession. Discounts are con- 
firmed by an approved customer list. A sum- 
mary of all products shipped, transferred or sold 
is made daily and serves as part of the balance 
control report, F. W. Bennett 

43. Full utilizatioa of the ice cream plant lah« 
oratory. H. D. McAuleffe. Can. Dairy Ice 
Cream J., 27, 7: 70-76. July, 1948. 

Ice cream making no longer is an art but a 
science. Technological advances in the ice 
cream industry have been able to standardize 
the product to a great extent. Most plants have 
laboratories, but very few dairies utilize them 
fully. The time spent in diagraming the flow 
of materials through a plant and deciding ex- 
actly what samples are needed is well worth 
while. The standard plate count simply is a 
device to determine whether or not the other 
methods of control are working. Many lab- 
oratories can expand their functions. Examina- 
tions can be made on fruits, nuts, stabilizers, 
sugars, fuels, paints and other materials pur- 
chased if practical for the larger operations. 
The laboratory can be used as a part of the 
public rdations program. H. Pyenson 


44. Combination offer. Anonymous. Ice 
Cream Rev., 32, 3: 46, 146. Oct., 1948. 

A special combination offer consisting of a 
half gallon container of ice cream, an ice cream 
dipper and 24 ice cream cones priced to sell 
for $2.38 has been effective in building up carry- 
out sales. This combination of the merchandise 
was offered to the consumer for the first time 
during the month of July. It is reported that 
July sales on half gallons of ice cream were 
73% greater than June sales on this item. 

Display cards showing the items included in 
the combination offer and the price saving re- 
sulting from purchase of the combination were 
used to demonstrate and sell the idea to dealers 
and consumers. Dealer support of the combina- 
tion offer was gained by capitalizing on the 
point that by encouraging customers to dip their 
cones at home the dealer would be able to re- 
duce his sales on this short profit item. 

W. J. Caulfield 

45. Public relations for promoting dealef-oon- 
sumer understanding of t^ ice cream industry. 
Ira Mosher. Ice Cream Trade J., 44, 9: 34, 
69-72. Sept., 1948. 

A survey conducted in New Jersey for a group 
of New York City and New Jersey ice cream 
manufacturers revealed that the majority of the 
retail dealers felt that they were being exploited 
by the manufacturers. Monthly news letters arc 
being sent to some 8,500 dealers in an attempt 
to gain their confidence and expel this mistrust. 
These letters contain factual information on 
costs, profit possibilities, advantages of dealers, 
manufacturers cooperation, sanitation and prices. 

W. H. Martin 

46. Gallonage. V. M. Rabuffo. Ice Cream 
Trade J., 44, 9: 32, 73-74. Sept., 1948. 

Statistics released by the U. S. Bureau of 
Agricultural Economics show that ice cream 
production for the first 6 months of 1948 for 
the U. S. is running about 9% below that of 
1947. In 2 of the states with the largest pro- 
duction, Pennsylvania and New York, production 
for the 6 months period was 4.4 and 6.6% below 
that of last year. W. H. Martin 

47. Sales promofions and stimulators in mer- 
chandizing ice cream. H. A. Quitter. Can. 
Dairy Ice Cream J., 27, 6: 48. June, 1948. 

Helpful sales promotions and stimulators in 
merchandising ice cream are (a) bonus plans, 
(b) animated window displays, (c) bright cano- 
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pies, fluorescent lights and pictures, (d) proper 
servings and (e) bulk dipped ice cream. 

H. Pyenson 

46. Costs, a comparative analysb for a 5 year 
period. J. Shipley, Abbotts Dairies, Philadel- 
phia, Pa. Ice Cream Trade J., 44, 10: 88, 162- 
163. Oct., 1948. 

Costs of manufacturing and sale of ice cream 
in the North Atlantic district increased from 96 
cents per gallon in 1941 to $1.16 in 1946. Most 
of the increase was due to higher products costs, 
which increased 62.2%, and greater manufactur- 
ing expense, which increased 4.9%. There were 
decreases of 24.3% in delivery, 15.6% in ad- 
vertising and 29.9% in sales expense. The total 
net increase was 20.7% for the period. 

W. H. Martin 

MILK 

P. H. TRACY, SECTION EDITOR 

49. The effectiveness of milk ordinances. C. J. 
Babcock. Can. Dairy Ice Cream J., 27, 7: 50- 
52. July, 1948. 

Sanitation in milk production has not kept 
pace with the developments in plant sanitation. 
The sanitary control of the milk supplies of the 
U. S. ranges from practically no control to ex- 
cellent control. Lack of enforcement and sub- 
terfuge in enforcement are responsible for a large 
percentage of the so-called grade A pasteurized 
milk that originates from raw milk containing 
a million or more bacteria per ml. The low 
salaries paid for milk control work contribute to 
the non-enforcement of milk ordinances. A ma- 
jority of the milk ordinances on the statute books 
in the U.S.A. arc not fully enforced. Therefore, 
it is impossible to judge a milk supply by the 
ordinance under which it is produced and 
handled. H. Pyenson 

50, Consumer evaluation of milk. W, A. Went- 
worth, The Borden Co., New York City. Milk 
Dealer, 37, 11: 46, 94-98. Aug., 1948. 

Dairy prices arc relatively low. Retail prices 
of fluid milk and cream throughout the U. S. 
have not increased over prewar as much as have 
most of the other principal foods. The increase 
in the per capita use of milk and cream over 
prewar is not as much as with many other foods. 
Dairy products arc economical to buy. The 
author concludes that to avoid consumer criti- 
cism and resistance to prices for ail dairy prod- 
ucts which will equalize the competitive produc- 
tion ipituation on the farms of this country, 


consumers must have a better realization of the 
money value of dairy products in comparison 
with other foods. C. J. Babcock 

51. Driver-owned milk routes. Anonymoub. 
Milk Dealer, 37, 9: 52, 118. June, 1948. 

Shelly Dairy Co., Lima, Ohio, completed 2 
years of operations under a system whereby 
drivers own their own trucks, maintain them and 
in most cases keep their trucks at home overnight. 
They pay Shelly Dairy Co. 16 cents a quart for 
milk at the platform, and sell it at a delivered 
retail price of 20 cents, thus operating on a 
margin of 4 cents. C. J. Babcock 

52. .Tarboro’s municipally-owned milk plant. 
J. M. Gr£Cx>ry, Whitaker, N. C. Milk Dealer, 
37, 12: 51-52, 88-90. Sept., 1948. 

A description is given of the only city-owned 
dairy in the country. It is in Tarboro, N. C., 
a town of 1 0,000 population. The building is of 
brick construction 50 by 80 feet, 2 stories in 
front, 1 in the rear and cost $20,000. The 
equipment is less than 2 years old and is valued 
at approximately $16,000. About 500 gallons oP 
sweet milk, 100 gallons of buttermilk and 100 
gallons of chocolate milk arc processed each day. 
About 200 gallons of sour cream are bought for 
butter and about 50 gallons of whipping cream 
are sold each week. The plant has been running 
successfully since 1918. C. J. Babcock 

53. Reducing operating costs with universal 
bottles. E. Thom, Assoc. Ed., The Milk Dealer. 
Milk Dealer, 37, 9: 48, 110-115. June, 1948. 

Some individuality and advertising value is 
lost to a milk dealer when the universal glass 
bottle is adopted in a market. In the face of 
rising costs, however, interest in the universal 
bottle as a means of reducing those costs is in- 
creasing. The universal bottle program saves 
the distributors many thousands of dollars yearly, 
but those savings are not as important as the 
fact that the program promotes a healthy mar- 
ket condition. 

Akron, Ohio, is the latest market to adopt the 
universal bottle, and information on unit costs 
or bottle trippage is not available. In the 
Columbus, Oliio, market, the 1947 cost was 
$0,962 per 1000 units filled and the trippage on 
quarts was 36.6; on half-pints, 40.8; and the 
overall trippage for all bottles was 38.3. In 
Nashville during 1947 the market wide trippage 
was 35.57 and the unit cost was 1.2 mills. In 
Ft. Wayne, the dealers still were changing from 
one bottle to another, but the market had a, 
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trippage of 34 on quarts, 24 on pints and 37 on 
half-pints. This gave a fillagc cost of $0.0069. 
None of the above markets have a universal 
case. C. J. Babcock 

54. Operation of the universal milk bottle plan 
in the Columbus market. W. K. Holm, Colum- 
bus Milk IMstributors Assoc., Columbus, Ohio. 
Milk Dealer, 37, 11: 41, 74. Aug., 1948. 

Surveys have shown that the container cost 
ranges from 0.06 cent to over 1 cent per unit 
filled, which is from 0.3 to 5% of the total cost. 
The main factors affecting container costs are 
the original cost of container, the number of 
times a container is used, the deposit on a bottle 
if not returned, time consumed sorting foreign 
bottles, and the expenses involved in getting 
strayed bottles back. 

The low bottle cost experienced with the uni- 
versal bottle plan is due to: (a) Purchase of 
bottles in larger quantities and thus at a lower 
price when all dealers are using the same bottle. 
This saving is from 65 cents to over $4.00 per 
gross, except for dealers who already are buying 
in large enough quantities to receive the lower 
price. At the present time one obtains the 
lowest price per gross if buying 3,000 gross a 
year, (b) The exchange of bottles is eliminated, 
saving time, storage space and transportation of 
bottles, (c) The eliminatipn of the exchanging 
saves considerable wear and breakage of bottles, 
(d) More effective returns on the bottles from 
the consumer results, (c) Fewer bottles arc tied 
up in inventory, (f) A uniform bottle deposit 
plan is used. 

In addition to lower costs, other advantages 
arc: (a) Grocers and milkmen are not bothered 
with more than one type of bottle, (b) House- 
wives have less difficulty returning bottles, (c) 
Such a plan tends to promote better relations 
between competing dealers. 

The one single disadvantage to the universal 
bottle plan is that the individual advertising 
value of a dealer’s own bottle is lost. 

G. J. Babcock 

55. Consumen* acceptance of the paper milk 
bottle. R. C. Miller, Country Charm Dairy, 
Monticello, III. Milk Dealer, 37, 11: 102-106. 
Aug., 1948. 

A questionnaire was placed in the hands of 
about 500 consumers. Among the advantages of 
paper bottles which were mentioned, 84 reported 
more sanitary, 80 — easier to dispose of than wash 
and return bottle, 71 — ^no bottle washing, 57 — 
saves storage space, 53— more convenient, 46 — 
no bottle return, 45 — ^much safer to handle, 10 — 


lighter than glass, 5 — no bottle accumulation, 

4 — no bottle deposit, 4 — pour off more cream 
than glass, 3 — easier to open than glass, 2 — ^makes 
good frozen food storage containers, 1 — protects 
milk from light and 1 — ^will not freeze and break 
if housewife is not home. Among the disadvan- 
tages, 7 people mentioned paraffin scrapes off 
and falls in other food, 5 — ^hard to pour, 3 — ^hard 
to open, 3 — dogs carry away, 2 — paraffin taste, 
2 — can’t clean outside well before storing, 2 — 
can’t pour out all the milk and 2 — ^bottles not 
always full. C. J. Babcock 

56. Milk cans versus tank trucks. G. D. Ar- 
MERDiNG. Can. Dairy Ice Cream J., 27, 7: 40- 
42. July, 1948. 

The tank method is not practical for farms 
producing less than 300 gallons of milk per day. 
The advantages of the tank system are: (a) ef- 
fective cooling with less risk of temperature rise; 

(b) eliminates all contact with oxidizing metals; 

(c) lower temperatures can be maintained while 

the product is in transit and all danger of freezing 
is avoided; (d) air-bourne contamination is elimi- 
nated; (e) no milk needs to be rejected due to 
high temperature spoilage; (f) spillage and stick- 
ing losses are avoided; (g) requires a minimum 
of hard labor on the farm and in the plant; (h) 
saves space on the farm and in the dairy; (i) 
makes possible every other day pick-up; (j) 
better control can be maintained by the dairy 
inspector; (k) the farmer can check his own 
weights on the farm; (1) elevated highways at 
milk plants no longer would be necessary and 
(m) the noise of can handling would be elimi- 
nated. H. Pyenson 

57. Top milk extractor. F. H. Valeton. (one 
half assigned to C. D. Colbert.) U. S. Patent 
2,450,313. 2 claims. Sept. 28, 1948. Official 
Gaz. U. S. Pat. Office, 614(4): 1007. 1948. 

The top milk is removed from a bottle of 
milk by introducing a liquid through a tube ex- 
tending beneath the cream layer. The top of the 
bottle is sealed except for an outlet from which 
the top milk is collected. R. Whitaker 

58. Economics of milk cooling. L. P. Blauser, 
Ohio State Univ. Milk Dealer, 37, 1 1 : 1 10-1 12. 
Aug., 1948. 

The results of an Illinois experiment where 
samples of milk were held at different tempera- 
tures for a period of 12 hr. are reported. At 
40® F. there was no increase in bacteria. At 50® 
F. the increase was slight. At 60® F. each bac- 
terium produced 15 new ones. At 70® F. each 
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bacterium produced 700 new ones. At 80® F. 
each bacterium produced 3,000 new ones. The 
efficiency and cost of cooling milk with water, 
ice and mechanical refrigeration are compared. 
The author concludes that when the requirement 
for milk to be cooled to 50® F. more generally 
prevails, the use of electric milk coolers will be- 
come more universal, for it is the exceptional case 
where a well or spring has water of sufficiently 
low temperature to cool milk to 50® F. 

C. J. Babcock 

Homogenized milk problems. P. H. Tracy, 
Dept, of Food Tcchnol., Univ. of 111., Urbana. 
Milk Dealer, 37, 11: 49-54. Aug., 1948. 

The author points out that, next to pasteuriza- 
tion, the process of homogenization probably has 
done more than any other thing to increase the 
popularity of milk as a beverage. The process 
of homogenization is described. Fat rising in 
homogenized milk, curd tension reduction, sedi- 
ment control, homogenization of extra rich milk, 
control of the bacterial content, testing for fat 
and flavor control are discussed. 

C. J. Babcock 

60. Fat free milk as a special dairy product. 
G. P. Seoard, Wis, Alumni Research Foundation, 
Madison. Milk Dealer, 37, 12: 55, 106-110. 
Sept., 1948. 

Fat-free milk as a special dairy product and 
its use in the diet is discussed. Fluid milk and 
its by-products long have been recognized as the 
leading food product. There arc many condi- 
tions recognized by physicians and surgeons where 
a high protein diet is required, and a high pro- 
tein-low fat diet is easily acquired by thc^usc 
of fat-free milk. It is recommended that vitamin 
A and D be added to the fat-free milk to offset 
the loss in the fat and to assure an intake of 
these vitamins that will offset any tendency 
toward deficiency. Since the medical profession 
has repeatedly shown the need for such a prod- 
uct, the Medical Milk Commission would seem 
to be the logical group in whose hands to place 
the quality responsibility. Those interested in 
the production of certified milk and those in- 
terested in the nutritional importance of fat-free 
certified milk may become responsible for such 
a product fortified with 4,000 U.S.P. units of 
vitamin A and 400 U.S.P. units of vitamin D. 

C. J. Babcock 

61. How to make a hig^ quality ehoeolate-ii^ 
or daby drink. B. P. Forbes, BenjAmin P. 

Cleveland, Ohio. Milk D^ler, 37, 
|8r&B4. July, 1948. 

The effect of a vsf^tion in milk solids on the 


quality of chocolate milk and ways of increasing 
its flavor are discussed. It is pointed out that A 
good chocolate milk drink, one that will repeat 
and be a trade builder, should have a mild, 
pleasant milk chocolate flavor, little or no sedi- 
mentation, low to medium viscosity, light to 
medium color and medium sweetness. 

The 2 most frequent defects in chocolate milk 
are settling and thickening or gelling. Settling 
may be caused by: (a) insufficiently stabilized 
cocoa for the amount of milk base to be proc- 
essed; (b) too much milk or insufficient butterfat 
content for the amount or type of chocolate 
flavor used; (c) dilution of dairy drink by milk 
or water left in lines from pasteurizer to bottler; 
(d) restriction of valves on pressure side of 
pumps, causing a homogenizing effect of excessive 
whipping by centrifugal pumps; (e) too acid 
milk {keep acidity below 0.15%, but not by 
neutralizing); (f) using soda-neutralized milk; 

(g) using frozen milk (also causes wheying off); 

(h) incorrect pasteurization and cooling; (i) in- 
sufficient heat or too short holding time; (j) over 
agitation during and after cooling; (k) powder 
not entirely incorporated in the milk base; (1) 
not cooled to 40® or lower; (m) precooling be- 
low 140® in vat. 

Thickening or gelling may be caused by: (a) 
excessive pasteurizing temperature; (b) too much 
stabilized chocolate flavor used, causing over 
stabilization; (c) use of lime or magnesium 
neutralizers;, (d) improperiy rinsed bottles; (c) 
too high acid milk. C. J. Babcock 

62. Recent technological advancements in the 
dairy industry. J. H. Hetrick, Dean Milk Go., 
Rockford, 111. Milk Dealer, 37, 9: 156-162. 
June, 1948. 

The dairy industry has been the beneficiary 
of many phases of chemical, bacteriological and 
engineering developments and “know-how’*. 
The application of scientific knowledge in many 
interrelated fields has made It possible for the 
industry continually to improve its products, to 
increase efficiency in production and distribution 
and to meet the increasing demand for these 
products. New products and new uses for eld 
products have been developed. The keeping 
quality of the products has been improved 
through newer knowledge of processing, packag- 
ing and storage and through improved control 
practices. The nutritional properties have been 
enhanced. Methods for utilization of surpluses 
have been dlKOvered to the economic advantage 
of the industry and the consumers of its products. 

One of the most important essentials in the 
production of good milk is clean jrtcrilc. mffk 
handling uteimils add equipment. Research Itts 
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developed cleaning aids spccifieally designed to 
handle milk wastes, and effective chemical steri- 
lizers for the job. Research has produced ana- 
lytical tools and a better understanding of the 
analytical methods used, such as the methylene 
blue test, the resazurin test, plate and direct 
microscopic bacteria counting, the sediment test, 
etc. These aid in assessing milk quality at the 
plant. 

The biggest factor that led to the acceptance 
of pasteurization was definite proof that numer- 
ous epidemics of contagious diseases frequently 
were traced directly to contaminated milk. It 
also was well demonstrated in the laboratory that 
proper pasteurization would do the job of destroy- 
ing the organisms responsible for the disease. 
The development of more efficient heaters, sensi- 
tive control devices and research on bacterial 
destruction brought about the approval and use 
of high temperature short time continuous pas- 
teurization. Studies in ultrasonics, X-radiation 
and ultra violet radiation, etc., may culminate 
in improved sterilized dairy products. Research 
on the nutritional properties of milk has led to 
vitamin D milk which today is accepted as one 
of the most outstanding contributions of dairy 
research to public health. Research on homog- 
enized milk has been responsible for the rapid 
acceptance of this product. Technological know- 
how has been used in the manufacturing, pack- 
aging and storage of dried ihilk, dried ice cream 
mix, dried cream, sterilized dairy drinks, frozen 
milk, frozen concentrated milk, butter oil and 
army spreads. There has been an increased 
realization of the necessity for and the value 
of scientific research, development and laboratory 
control. G, J. Babcock 

Also see abs. no. 8, 9, 10, 11, 14, 15, 18, 20, 
25. 27, 34. 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

63. Effects of steroids on lactation. J. C. 
Barsantini, and G. M. C. Masson, Univ. of 
Montreal. Endocrinology, 41 , 4: 299. Oct., 
1947. 

Female albino rats weighing 250-300 g. and 
fed Purina Fox Chow were used. Within 24 
hr. of parturition, the litters were either reduced 
or brought up to 6. Steroid treatment was 
started immediately, and some of the rats were 
ovariectomized. Efficiency of lactation was es- 
timated by the gains in body weight of the 
young and by the number of deaths among the 
young. . In normal rats estradbl at daily doses 
of 10 y and 1 mg., and testosterone, androstene- 


diol, dehydro-iso-androsterone at a daily dose 
of 10 mg. caused a marked Inhibition of lacta- 
tion. At the daily dose of 10 mg., androstene- 
dione, methyl androstenediol, methyl androstane- 
diol, ethyl testosterone, cthynyl testosterone, 
ethynyl androstenediol and methyl testosterone 
produced a definite but much less marked in- 
hibitory effect. Desoxy-corticosteronc, pregnenol- 
one, acetoxypregnenolone, and progresterone 
were inactive. All of the steroids were inactive 
in spayed lactating rats. Ralph P. Reece 

Also see abs. no. 66. 

PHYSIOLOGY AND 
ENDOCRINOLOGY 

R. P. REECE, SECTION EDITOR 

64. Clinical and postmortem observations on 
metrorrhagia in the virgin heifer. A. F. Weber, 
B. B. Morgan, and S. H. McNutt, Univ. of 
Wis., Madison. North Am. Veterinarian, 29, 1 1 : 
705-710. Nov., 1948. 

Sixty-eight complete estrus cycles were studied 
in 22 clinically normal virgin heifers. Several 
estrus cycles were observed in each heifer, and 
they then were slaughtered during procstrus, 
estrus and the first 4 days post estrus and used for 
postmortem .studies. Uterine motility was studied 
by rectal palpation. .Evidence of uterine bleed- 
ing was macroscopically observed in 55 of the 68 
cycles followed. Vaginal swab studies showed the 
presence of microscopic bleeding in the remainder 
of normal estrus periods. The average time of 
appearance of uterine bleeding in tlic 55 macro- 
scopic cases was 36 hr. after the onset of estrus. 
Endometrial edema, as determined by po.stmor- 
tem studies, began during early proestrus and 
reached a maximum at the time of ovulation. 
Rectal palpation revealed regular uterine contrac- 
tions during the intcre.strus and estrus periods, 
with maximal contraction at the time of estrus. 
Following ovulation the uterus was in a quiescent 
condition for several days with only irregular par- 
tial muscular contractions. R. P. Niedermeier 

65. Effect of adrenalectomy on the mammary 
gland of the castrated and estrogen treated 
castrated male rat. J. J. Trentin, and C. W. 
Turner, Univ. of Mo. Endocrinology, 41, 2: 
127. Aug., 1947. 

In Wistar male rats weighing from 200 to 300 
g., castration resulted in a reduction but not com- 
plete elimination of the alveolar development nor- 
mally found in the mammary glands of adult 
males. The removal of the adrenals of castrated 
male rats, with maintenance on 1%. saline for 
10 days, resulted in atrophic ducts and in com- 
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plctc regression of the alveolar development. In 
adrenalectomized, castrated rats maintained on 
salt the daily administration of 5 y of a-estradiol 
benzoate for 10 days» although causing noticeable 
duct stimulation, v^as relatively ineffective in stim- 
ulating alveolar growth as compau'ed with cas- 
trated rats. Ralph P. Reece 

66. The role of the adrenal cortex in mammary 
development and its relation to the mammogemc 
action of the anterior pituitary. A. T. Gowxe 
AND S. J. Folley, Nat. Inst, for Research in 
Dairying. Endocrinology, 40, 4: 274. April, 
1947. 

Immature hooded Norway rats of both sexes, 
gonadectomized either at weaning or a few days 
thereafter, were used. In 1 experiment, the 
adrenals were removed at the time of gonadec- 
tomy; in 2 experiments adrenalectomy was post- 
poned until some weeks after weaning. Adrena- 
lectomized rats received saline for drinking water. 
Some rats received daily subcutaneous injections 
of a saline extract of ox anterior pituitary, 1 ml. 
of which was equivalent to 250 mg. fresh tissue. 

A semi-quantitative method of scoring the kind 
and degree of glandular development was devised 
and used. Regressive changes in the mammary 
glands frequently were observed following adrena- 
lectomy; increased arborescence of the duct sys- 
tem never was observed. The pituitary extract 
showed mammogenic activity both in the pres- 
ence and absence of the adrenals, duct growth 
being most prominent in the youngest rats, while 
in older rats stimulation of alveolar development 
also occurred. Adrenalectomy sometimes altered 
the mammogenic effects of the anterior-pituitary 
extract; however, the results indicated that the 
mammogenic action of the extract was not due 
primarily to its stimulation of the adrenal cortex. 
Alveoli eventually developed in the mammary 
glands of untreated rats gonadectomized when 
sexually immature. Ralph P. Reece 

67. Hyalnronidase levels of rat testes as related 

to age, hypophysectomy and cryptorchidum. 
S. L. Leonard, P. L. Perlmar, and R. Kurzror, 
Cornell Univ. Endocrinology, 42, 3; 176. 

March, 1948. 

Hyaluronidas determinations were made on 
testes of rats of varying ages by the turbidimetric 
method and by the rat-ova test. Testes homo- 
genates were prepared in acetate buffer at pH 
6 for the turbidimetric tests and in Ringer’s solu- 
tion for the rat-ova test. The amount of enzyme 
per g. of tissue gradually increased between 21 d. 
el age and sexual maturity. The hyaluronidase 
low by the tenth day following expeii- 
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mental cryptorchidism and by the 24th day after 
hypophysectomy. Enzyme levels and the 4egrtt 
of development of the germinal epithelium were 
correlated directly. All of the hyaluronidase was 
not accounted for by mature sperm, since it was 
detected in testes devoid of sperm. 

Ralph P. Reece 

68. Effects of vitamm A deficiency on thyroid 
function studied with radioactive iodine. M. B. 
Lipsett, and R. J. WiNZLER, Univ. Southern 
Calif., School of Medicine. Endocrinology, 41, 
6 : 494. Dec., 1947. 

Using radioactive iodine as a tracer, the func- 
tioning of the thyroid gland of the rat was in- 
vestigated in severe avitaminosis A. The thyroid 
glands of vitamin A deficient rats were relatively 
heavier than in control animals and the histolog- 
ical picture showed degenerative changes and dis- 
tended follicles present within the same gland. 
The total uptake of thyroid glands from 
vitamin A deficient rats was similar to that of 
glands from control rats. The percentage of in- 
organic D®' in tihe thyroid gland of vitamm A- 
deficient rats reached higher values and decreased 
more slowly than in the controls. There was a 
significantly lower rate of thyroxine formation in 
the vitamin A-deficient rats and a decreased final 
level at 96 hr. Ralph P. Reece 

Also see abs. no. 30, 63. 

SANITATION AND CLEANSING 

K. G, WECKEL, SECTION EDITOR 

69. Laboratory procedure for evaluating prac- 
tical performance of quaternary ammonium and 
other germicides proposed for sanitizing food 
utensils. G. R. Weber and L. A. Black, U. S. 
Public Health Service, Cincinnati, Ohio. Am. J. 
Pub. Health, 38, 10: 1405-1417. Oct., 1948. 

Five ml. of a suspension of a test organism con- 
taining 200 million organisms per ml. was mixed 
with 5 ml. of the germicide whose concentration 
was twice that desired for testing. The time re- 
quired to obtain a 100% kill of the organisms by 
the germicide used indicated the exposure time 
required for sanitishig food utensils. The test 
organisms used were Escherichia coli, Staphyl* 
ococcus aureus and Micrococcus caseolyticus, 
coH was preferred as the test oxganism, since the 
others gave a reduced killing time. Using dis- 
tilled water instead of tap water to prepare the 
germicidal solutions also shortened the killing 
time. An alkaline hypochlorite of 50 p.p.in. 
available chlorine gave 100% kills in 30 seconds, 
while a chloramine T solution of 200 p.p.m. re- 
quired 120 sectmds. Some quatemarim a 
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100% kill of E, coli in 60-120 seconds when 
recommended concentration, usually 200 p.p.m., 
was used. Other quartemaries did not give com- 
plete kills even after 5 min. exposure. 

D. D. Deane 

70. The effect of quaternary ammonium sani- 
tizers on the quality of milk. A. V. Moore, 
Texas A. & M. College. Southern Dairy Prod- 
ucts J., 44, 5 : 62-64. Nov., 1948. 

Fresh raw milk in 100 ml. quantities was 
treated with from 0 to 175 p.p.m. of 3 well known 
quaternary ammonium sanitizers. A duplicate 
set of samples was prepared and 2 ml. of active 
starter added to each sample. All samples were 
incubated at 70® F. and examined after 20 and 
40 hr. After 20 hr. the titratable acidity of the 
samples without starter or sanitizer was 0.68 to 
0.71%. The acidity of the samples containing 
25 p.p.m. of quaternary sanitizer ranged from 
0.51 to 0.67%, while the acidity of those contain- 
ing from 50 to 175 p.p.m. varied from 0.30 to 
0.20%. The samples containing 2 ml. each of 
starter without sanitizer had an acidity of 0.85 
to 0.86%. Those containing starter and 25 p.p.m. 
of a quaternary sanitizer varied from 0.50 to 
0.70% in acidity while the acidities of those con- 
taining from 50 to 175 p.p.m. ranged from 0.41 
to 0.24%. All except 1 of the 36 samples con- 
taining 50 p.p.m. or morc^of a quaternary sani- 
tizer had musty, putrid or stale odors. After 40 
hr., the .samples containing 2.5 p.p.m. of a quater- 
nary sanitizer, with or without starter, had acidi- 
ties ranging from 0.42 to 0.86%. The acidities 
of all samples containing from 50 to 175 p.p.m. 
of a quaternary sanitizer ranged from 0.69 to 
0.23%. 

The samples containing 25 to 175 p.p.m. of 
available chlorine all were normal in odor and 
acidity except 2 without starter which had a 
chlorine odor. The addition of sanitizers to milk 
is very detrimental to the quality of the milk, as 
well as being an illegal practice. 

F. W. Bennett 

71. Present status of chemical sterilizers. D. V. 
JosEPHsoN, Dept, of Dairy Husb., Penn. State 
College. Milk Dealer, 37, 12: 102-104. Sept., 
1948. 

Chlorine sterilizers are compared with the 
quaternary ammonium compounds. The latter 
compounds have certain advantages in that they 
arc non-toxic, odorless, non-corrosive, stable to 
heat and air, not greatly affected by alkaline con- 
ditions, not as reactive with organic matter and 
have wetting and penetrating powers. They have 
certain disadvantages in dbat the various types are 


not equally effective, and reliable and simple 
means of analy.sis have not yet been developed. 
Furthermore, the quaternary agents are liquids 
and are more costly to use. They arc not com- 
patible with soaps, certain phosphates, silicates 
and anionic wetting agents. C. J. Babcock 

72. Sanitizing milking machines. A. C. Dahl- 
BERO. Can. Dairy Ice Cream J., 27, 7: 60-62. 
July, 1948. 

Boiling water was an effective germicide but 
was hard on the rubber. Later a concentrated 
brine solution in a crock was used on the rubber 
parts as a disinfectant. Then chlorine was added 
to the salt brine. The solution racks have now 
replaced the crock and the chlorine has been re- 
placed by 0.4% lyc solution. More recently new 
water softeners and the complex phosphates aided 
in cleaning and preventing mineral deposits in the 
rubber parts. The nontoxic cationic germicides 
are more or less stable in nature and offer a new 
attack in sterilization, but some of them are not 
compatible with water softening compounds and 
surface active detergents. H. Pyenson 

73. New developments in sanitizing teat cups. 
W. S. Mueller and D. B. Seeley, Univ. of 
Mass., Amherst. Hoard's Dairyman, 93, 21 ; 807. 
Nov. 10, 1948. 

One extra milker head assembly for every 2 
complete milking machines used is recommended 
as a means of increasing contact time between 
teat cup and germicide. Germicidal solutions 
were made up to contain 400 p.p.m. Approxi- 
mately 20 teat cups were examined for bacteria 
after being treated as follows: (a) before use 
after being stored in lyc solution, (b) after milk- 
ing 1 cow but not being rinsed in water or sani- 
tized, (c) after rinsing in cold water and sani- 
tizing for 1 sec. in the quaternary solution, (d) 
after rinsing in cold water and sanitizing for 2 
min. in the quaternary solution. The extra milker 
head remained in the germicidal solution when 
not in use and was alternated from one machine 
to the other between cows. The teat cups were 
sanitized between cows milked for 2 minutes or 
more without increasing the milking time of the 
herd. Where the extra head was used the total 
bacterial count of the teat cup was reduced con- 
siderably and 99.7% of Str. agalactiae organisms 
were killed under laboratory conditions. 

J. B. Frye, Jr. 

74. Samtadon for the dairy farm. M. P. Baker, 
Iowa State College, Ames. Milk Dealer, 37, 9: 
98-104. June, 1948. 

Quality milk is defined as meaning clean milk 
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of good flavor, of low bacterial content and con- 
taining no harmful microoiganisms such as patho- 
genic bacteria. Clean cows, sterile utensils and 
prompt cooling are major factors in the produc- 
tion of milk with low bacterial content. Healthy 
cows, healthy, clean milkers and milk handlers, 
safe farm water supplies and protection from 
flies are facton that guard against undesirable 
types of contamination. These are not neces- 
sarily expensive. Many of the items important 
in the production of high quality milk also are 
important from the standpoint of efficiency of 
dairy farm operation. C. J. Babcock 

75. You can clean up with less. H. F. Kern, 
Jr., Freeman's Dairy, Allentown, Penn. Milk 
Dealer, 37, 11: 43, 67. Aug., 1948. 

The biggest waste of washing powder was due 
to the large bucket of powder that normally was 
kept in each department. It was too easily ac- 
cessible, and there was a tendency to use a scoop- 
ful when a teaspoonful would have been suffi- 
cient An educational program, including bag- 
ging the powder into convenient lb. packages 


and dispensing it in correct amounts to each 
workman for his respective job, resulted in a 
reduction in the quantity of powder used. 

C. J. Babcock 

76. Prevention of insects in dairy plants. Ed. 
M. Searles, Sealtcst, Inc. Milk Dealer, 37, 10: 
48,86-90. July, 1948. 

The discussion may be summarized as follows; 
(a) keep insects out of plant, (b) clean out 
breeding and hiding places, (c) use 5% DDT in 
odorless kerosene by trained personnel, (d) use 
the proper sprayer, (e) spray only the insect rest- 
ing, roosting and hiding places and (f) never let 
the spray fall into or onto food or into containers 
used for holding food. C. J. Babcock 

77. Forty years oi progressive dairy sanitation. 
R. S. Breed. Can. Dairy Ice Cream J., 27, 7: 
43-49. July, 1948. 

The article discusses the progress made in dairy 
sanitation and gives an outline of determinative 
bacteriology. H. Pycnson 

Also sec abs. no. 17, 22. 
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BOOK REVIEW 

78. Milk and dairy products. L. M. Lampert. 
291 pp. $7.00. Chemical Publishing Co., Inc. 
1947. 

This book is intended as a summary of the 
more important points in the chemistry, bac- 
teriology, and the technology of milk and milk 
products. The illustrations are numerous and 
add considerably to the value of the presentation. 
References to the literature permit one to obtain 
additional information on many of the points 
covered. The paper and printing are quite sat- 
isfactory. The one criticism the reviewer would 
make is that the brevity of treatment has been 
carried to the point that the reader might be 
left without a satisfactory appreciation of the 
importance of some of the points which arc not 
covered. An example of this is the failure to 
make any statement about any of the less com- 
mon varieties of bacteria which may be respon- 
sible for some of the more serious defects in the 
various dairy products. F. E, Nelson 

ANIMAL DISEASES 

W. D. POUNDEN, section EDITOR 

79. The early features of bovine mastitis. J. F. 
Mat.colm and M. M. Campbell. We.st of Scot- 
land Agr. College, 6 Blythswood Square, Glas- 
gow, C. 2. Proc. Soc. Applied Bact., 1946, 1: 
29-34. 1946. 

Observations were made on heifers as they 
entered the milking herd, examinations being 
made fortnightly or weekly throughout the first 
and succeeding lactations. In subclinical cases 
of mastitis, a rise in the cell content was the first 
indication of the presence of the disease; milk 
from mastitis-free animals usually had a cell 
count of less than 100,000 and frequently less 
than 50,000. Causative bacteria, e.g. streptococci 
and staphylococci, frequently were not found in 
milk having high cell counts, although cows 
giving such milk showed clinical evidence of 
mastitis. It was postulated that the pathogenic 
bacteria often considered as the cause of mastitis 
may be only secondary invaders which are en- 
abled to obtain a foothold owing to abnormal 
conditions initially caused by some unknown 
agent, specific or non-specific in nature. Basis 
for this also was claim^ by the fact that non- 
specific mastitis in early lactations would in sub- 


sequent lactations develop into definite infec- 
tions. M. L. Speck 

80. Sulpha preparation for animal mastitis. 
D. G. Perkins. (Assigned to £. R. Squibb and 
Sons.) U. S. Patent 2,453,259. 3 claims. Nov. 
9, 1948. Official Gaz. U. S. Pat. Office, 616, 
2: 439. 1948. 

A colloidal suspension of a chemotherapeutic 
agent of the sulphanilamidc type in mineral oil 
is injected into the animal for treating mastitis. 

R. Whitaker 

81. Some observations on milk fever. A. 
Robertson, J. W. Burgess, A. Marr, and Betsy 
J. C. Milne. Vet. Record, 60, 42 : 505-508. 
Oct. 16, 1948. 

This study includes data on 25 cases of milk 
fever. Seventeen of the cases responded nor- 
mally to calcium therapy, and blood levels for 
calcium, magnesium and inorganic phosphorus 
arc tabulated for before treatment, soon after 
treatment and after recovery periods. The av- 
erage before treatment calcium level was 5.4 
mg % as compared to 1 1 .85 mg % in the after 
recovery period. Magnesium increased slightly 
from 2.48 to 2.81 mg %, whereas inorganic phos- 
phorus increased from 2.1 to 3.6 mg % in the 
same periods. In most cases that did not re- 
spond to calcium therapy, inflation was used 
successfully, and the inorganic phosphorus showed 
a marked rapid rise following inflation. The 
authors suggested that in some cases of milk 
fever the treatment effect upon the inorganic 
phosphorus level may explain the observations 
of practitioners that at times inflation is a better 
treatment for milk fever than calcium therapy. 

R. P. Niedcrmcier 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

82. Water insoluble fatty adds in cream and 
butter. J. Hiluo and S. W. Ahlmann, Food 
and Drug Admin., Federal Security Agency, 
Washington, D. C, J. Assoc. Offic. Agr. Chem- 
ists, 31, 4: 739-749. Nov., 1948. 

An investigation was made of certain chemical 
changes taking place in cream constituents during 
initial lactic add souring and in cream in which 
additional deteriorating changes had occurred. 
A relationship was found between the occurrence 
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of unidentified adds (adds other .than lactic 
and volatile adds) in butter and the condition 
of the cream from which it was churned. The 
unidentified adds consisted chiefly of water>in- 
soluble adds. When butter was made from de- 
composed cream, the quantity of water-insoluble 
adds increased materially. There was no sig- 
nificant change in the content of \^'ater-insoluble 
adds in butter during storage for 5 months at 
0^ F. The presence of mold tended to increase 
the water-insoluble acids in butter. Experiments 
designed to study the partition of water-insoluble 
adds between butter and buttermilk showed that 
most of the adds were retained in the butter, 
very little bdng found in the buttermilk. In- 
dividual cans of cream classified as being de- 
composed usually contained much larger quanti- 
ties of water-insoluble adds than cans of cream 
classified as satisfactory for buttermaking. 

F. J. Babel 

83* Volatile adds in cream and butter. Part 1. 
The devek^ment of butyric add during die pro- 
gressive decomposition of cream. F. Hiluo, 
Food and Drug Admin., Federal Security Agency, 
Washington, D. G. Part 2. Butyric add in 
commercial creams and butters. F. Hiluo and 
Dorothy Montgomery, Food and Drug Ad- 
min., Federal Security Agency, Washington, 
D. G. J. Assoc. Offic. Agr. Ghemists, 31, 4: 
750-760. Nov., 1948. 

Experiments on the decomposition of cream 
showed that butyric add frequently was pro- 
duced in cream when it had reached a point of 
bdng classified as unfit for human consumption. 
The butyric acid was thought to result from 
the breakdown of lactose and not from the hy- 
drolysis of the fat. When butyric acid was 
present in cream, a portion usually was carried 
over into the resulting butter. When the amount 
of butyric add present in butter was suffident 
to be detected by the method employed (J. Assoc. 
Offic. Agr. Ghemists, 28: 644. 1945), it was 
considered that the product had been made from 
some decomposed cream. An undeterminable 
amount of butyric acid in butter was considered 
as an indication that the product had been 
churned from sound cream. Butyric acid was 
not found in commerdal sweet cream butter. 

F. J. Babel 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 
MBcroBota und Straktur dei Rdfeadeii 
Cftmeadberflubes. (The mlGrofloca and atme- 
iwn nl riiMwiag camembert cheese.) Extglish 
piliimary. G. J^Et. Die Milchwissenschaft, S, 
%: 48^1. 1948. 


Gamembert cheese was escamined during its 
first 3 weeks of ripening for (a) microbial popu- 
lation, (b) types of flora, (c) pH changes on 
the surface and within the cheese. Direct micro- 
scopic counts were made according to Breed, 
using Newman stain. Eight smears were pre- 
pared from a 10 g. sample and 10 fields counted 
on each smear. The pH was determined on 
cheese solutions saturate with quinhydrone and 
read against a calomel half cell electrode. The 
distribution of microorganisms in the cheese 
structure was observed, using a modified pro- 
cedure of Bondioli which was conducted as fol- 
lows; small pieces of cheese 0.5 cm. wide were 
held in a desiccator (containing sulfuric add) at 
4® G. from 1 to 4 days. The firmed cheese 
was cut 5 p thick with a microtome, placed on 
a slide and treated with 1 drop of a mixture 
of alcohol-xylol-aniline oil. The excess liquid 
was removed with filter paper, and the dry prep- 
aration stained with Newman or Gram stain. 

Slight peaks in population were observed at 
1-2, 9-11 and 13-15 day old cheese. The first 
peak was due to add-forming diplococci and 
streptocoed, whereas the second peak was due 
to oidium, yeasts and Penicillium album, and 
the third peak was tj^e to an increase in lacto- 
bacilli (Lactobacillus caret). The pH of the 
new cheese was the same throughout; the pH 
increased more rapidly in the outer layer than 
within, showing a diflPerence of 1.74 units on the 
21st day of ripening, namely pH 7.73 as against 
pH 5.99. I. Peters 

85. Process for making cheese. Z. D. Roundy 
and H. L. Keil. (Assigned to Armour and Go.) 
U. S. Patent 2,450,814. 11 claims. Oct. 5, .1948. 
Official Gaz. U. S. Pat. Office, 615, 1: 218. 
1948. 

Gheese, ripened in less than 1 week, is con- 
verted into process cheese products by thoroughly 
incorporating inactive proteolytic pancreatic zy- 
mogen material and an activating agent, such as 
enterokinase, in the milk at setting time. After 
cutting and firming the curd in the conventional 
manner, tho curd and whey are heated for 10 to 
15 min. to 115*’ (range 110 to 120*’ F.) to activate 
the proteolytical enzyme. After the curd is 
draimKi and matted, it is cooled and held about 
5 days at 35 to 40*’ F. It then, is ready for 
processing into cheese products. R. Whitaker 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION ^ITOR 

86. .I40tlat. Htmr the prodteKt k laamilacltt^ 
and pmlMgel Its advantages and poMid 
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uses. T. I. Hedrick, North Star Dairy, St. Paul, 
Minn. Milk Plant Monthly, 37, 10: 80>83. 
Oct., 1948. 

The use of milk fat in the dairy, confection 
and baking industries has increased tremendously 
in recent years. This product offers some ad- 
vantages when compared to butter or cream in 
that it has a superior keeping quality and is 
less bulky, thus reducing storage and handling 
costs. 

Different methods of manufacturing milk fat 
have been perfected, but the method most widely 
used in the U. S. involves churning of the cream 
followed by a removal of varying amounts of 
water and non-fat solids from the melted butter 
by a filtering, boiling or centrifuging process. 

Packaging and storing present the greatest 
problem, since the fat is susceptible to oxidative 
and hydrolytic deterioration. The procedures 
advocated for preventing this decomposition of 
the fat are: (a) selection of a high quality raw 
ingredient, (b) avoiding contact of the product 
or raw materials with metallic catalysts, (c) 
pasteurization at 170® F. for 20 minutes, which 
destroys the milk enzyme lipase, (d) maintenance 
of a moisture content in the finished product 
under 0.3%, (e) dcareation of the finished prod- 
uct to an oxygen content under 1%, (f) storage 
in nitrogen packed, hermetically sealed cans 
when the product is to be held above refrigera- 
tion temperatures, and (g) the use of antioxi- 
dants such as wheat germ oil and N.D.G.A. 

J. A. Mciser, Jr. 

87. Plastic cream. Its production and uses. 
R. J. Spiers, Abbots Dairies, Inc., Philadelphia, 
Penn. Milk Plant Monthly, 37, 10: 122-123. 
Oct., 1948. 

To produce a high quality plastic cream, only 
raw materials of excellent quality can be used, 
and freedom from copper and iron contamina- 
tion must be maintained throughout the manu- 
facturing process. Pasteurization after the first 
separation should take place at 170® F. for not 
less than 15 min. This is followed by a second 
separation at 145® F. Packaging should be done 
only when the product is sufficiently fluid to 
completely fill the containers. Rapid freezing 
is essential, thus air blast equipment which cir- 
culates large volumes of air at a temperature 
of 10 to 20® F. below zero is ideal. If these 
procedures are followed, the product ofiers no 
laboratory control problems. 

J. A. Meiser, Jr. 

88. Mamdactiir^ use and storage of dehydrated 
sweetened oondeaaed ddffl n^ A.T. Mussett 


and W. H. Martin, Kansas Agr. Expt. Sta., 
Manhattan. Ice Cream Rev., 32, 5: 44, 46, 48, 
50. Dec., 1948. 

A skim milk sugar solution containing around 
14 to 22% solids is dried to a powder. The 
product is said to be more easily dispersed in 
ice cream mix than powdered milk, is easier to 
Handle and requires less storage space than liquid 
sweetened condensed milk. 

Experimental data pertaining to methods of 
manufacture indicate that the best powder from 
the standpoint of color, flavor and texture re- 
sulted when the temperature in the drying cham- 
ber was maintained at 325® F., with an atomizing 
pressure of 750 lb. per in.^ and when the con- 
centration of the liquid before drying was 14 
to 22% solids. When a higher drying tempera- 
ture (375® F.) was used, a lower moisture con- 
tent resulted, but the powder prepared in this 
manner was less desirable from .the standpoint 
of its color and flavor characteristics. 

Ice cream prepared with sucrose-sweetened 
skim milk powder was found to be equal to the 
control samples with respect to flavor, body and 
texture and whipping ability. On the other 
hand, the use of maltose-sweetened powder in- 
creased the acidity of the mix, impaired the 
whipping ability of the mix and resulted in an 
ice cream characterized by a pronounced malt 
flavor. Both the maltose and sucrose powders 
were more easily And completely dispersed in 
the mix than either non fat dry milk solids or a 
mixture of pulverized non fat dry milk solids 
and sucrose. 

Storage trials indicate that either glass or tin 
containers maintained the powders in better con- 
dition than when paper containers were used. 
Samples of the powder were stored for a period 
of 2 months at either 40® F. or at room tem- 
perature in tightly closed glass or tin containers 
without appreciable change in moisture content, 
acidity, solubility or flavor characteristics. 

W. J. Caulfield 

Also sec abs. 101, 102, 114. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

89. Pasteurization and its relation to health. 
John Andrews and A W. Fuchs, U. S. Public 
Health Service, Washington, D. G. J. Am. Med. 
Assoc., 138, 2: 128-131. Sept. 11, 1948. 

This is an excellent review paper, published at 
the request of the Council on Foods and Nutri- 
tion, Am. Med. Assoc., because of recent pub- 
lished attacks on pasteurization. There is pre- 
sented a table of milk-borne disease outbreaks 
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reported during the yean 1923-1945^ comprised 
of 955 outbreaks, 40,177 cases, with 804 deaths. 
Obviously, reporting was not complete, and the 
data do not indude sporadic cases of such diseases 
as typhoid fever, scarlet fever, septic sore throat, 
tub^culosis of bovine origin, infantile diarrhea, 
nor any significant amount of milk-borne brucd- 
losis. In 1945 alone, 5,049 cases of brucdlosls 
and 101 deaths were reported, and about half 
are bdieved to have been of raw milk origin. 
The risk of contracting disease from raw milk is 
approximately 50 times as great as from pasteur- 
ised milk. 

Pasteurization is said to be the most important 
protective measure which can be applied to milk. 
The process is described briefly. It is stated diat 
more than 75% of the market milk supply of 
American communities of over 1,000 population 
is pasteurized. Objections that have l^en raised 
to pasteurization are declared to be unsound. 
Much information is presented to refute claims 
of loss of nutritive value during pasteurization. 
The authors conclude that it is obvious that 
physicians and health authorities are justified in 
recommending that all milk be pasteurized. 

D. P. Click 

90. A new method for fixing, defatting and stain- 
ing milk and cream films. C. W. Anderson, R. 
Moehring, and N. O. Gunderson, Dept, of 
Public Health, Rockford, 111. J. Milk and Food 
Technol., 11, 6; 352-357, 364. Nov.-Dee., 1948. 

The authors suggest an improved method over 
the standard procedure for staining organisms in 
milk and cream. The slides are defatted and 
fixed in a chloroform-alcohol mixture for 1 to 2 
minutes, dried for 2 minutes and stained with a 
polychrome methylene blue stain solution from 
4S^to 60 seconds. Fixing and defatting thc^milk 
film arc combined in 1 step requiring from 3 to 
6 minutes. Granulated particles on the slide are 
reduced to a minimum, this giving a uniform 
stained preparation. Decolorization after stain- 
ing is not necessary since all the bacteria retain the 
dye. Detailed instructions and preparation of the 
reagents arc given in the paper by the investiga- 
tors. H. H. Weiser 

91. Some general aspects of the inhilntory 
strqstococcL A. Hirsgh, Natl. Inst. Research 
Dairying, Univ. Reading. Proc. Soc. Applied 
Bact.. 1946, 1; 26-28. 1946. 

The antibiotic activity possessed by strains of 
$» lactis and S. cremoris presents certain features 
whidk are important both industrially and acA- 
denticidiy. The presence of such streptococci in 
ilMsr Cidtuves or fiieir previous activity in milk 
fermented products can be detected 


by simple tests. The mode of action of the 
dipbcoccin produced by such streptococci a|^ 
parently is different from that of the sulfonamiiles 
and penicillin. The former acts very nqiidly 
without lysis of the cell, indicating a letbil action 
at the cell surface; the latter act more slowly, in- 
dicating interference with anabolic activities 
within the bacterial cell. 

S» lactis diplococcin is active against S 4 era- 
moris, most other streptococci, other Gram-pon- 
tive cocci and rods, mycobacteria and certain 
fungi. S, cremoris diplococcin has little or no 
activity for organisms not belonging to serological 
group N. M. L. Spe^ 

92. ViabOity of Bnicella abortus bovis in milk 
samples from infected cows. G. G. Van Drim* 
MELEN, Inst, of Onderstepoort, Pretoria, S. Africa. 
J. So. African Vet. Med. Assoc., 19, 2: 58-60. 
June, 1948. 

An intravenous injection of a field strain of 
Brucella abortus was made into a cross-bred 
Africander X Sussex cow. The cow aborted 1 
week after the injection. Milk from this cow 
was used in the tests. Sediments from 100 cc. 
samples of milk stored in sterile test bottles on 
laboratory tables were injected in rats at daily 
intervals after samples were taken. Rats injected 
with the culture from milk stored only 1 or 2 d. 
contracted the disease, whereas the rats receiving 
the cultures from milk stored for 3 and 4 d. failed 
to show signs of Brucella abortus. The authors 
point out the futility of taking samples on the 
open market for Brucella abortus examination. 
It is suggested that milk samples should be taken 
under hygienic conditions. The samples should 
be packed in ice if required to ship to a distant 
laboratory. K. M. Dunn 

93. Fragen der Milchhygiene. (Questions con- 
cerned with milk hygiene.) English summary. 
B. Kemkes. Die Milchwissenschaft, 3, 4: 108- 
111. 1948. 

The author lists sources of pathogens and shows 
the manner of their entrance into milk. After 
25 years of eradication, 25 to 37% of Germany’s 
milk cows still are infected with tuberculosis and 
20% with brucellosis. He points out further ^the 
entrance of large numbers of non-pathogenic 
undesirable microorganisms into milk. Pasteuf- 
ization is not a remedy for unsanitarily produced 
milk. Rigid sanitary control and higher milk 
prices may result In a better quality milk. 

The supervision of the milk supply is not a 
problem of the veterinarians only, but tiiould 
be the duty of the phyticians as well. But h^ 
cause tjte physieiattz are oveiloaded airesd/ 

.various tiia respoittibSyity bf titfik 
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vision should be turned over to hygienic bacterio- 
logical institutions, such institutions being well 
qualified for the task. L Peters 

94. The toiiidty of certain oi^anic acids to 
yeast and mold in the presence of Smt juice-syrup 
mixtures. R. £. Morse, C. R. Fellers and A. 
S. Levine, Dept, of Food Technol., Univ. of 
Mass., Amherst. J. Milk and Food Technol., 11, 
6; 346-351. Nov.-Dcc., 1948. 

The preserving effects of acetic, citric and lactic 
acids and sodium benzoate were studied when 
each was combined with fruit juice-syrup mix- 
tures. Acetic acid was more effective against 
mold than the yeast as compared to the other 
compounds, while yeast showed the reverse 
effect. Lactic acid required a concentration of 
6.25% to stop yeast growth as compared to 4.58% 
to prevent mold development. Acetic acid was 
more toxic to the test organisms than either 
citric or lactic acids H. H. Weiser 

95. Method of fermenting whey. £. R. Enoel. 

U. S. Patent 2,449,064. 10 claims. Sept. 14, 

1948. Official Gaz. U. S. Pat. Office, 614, 2: 
415. 1948. 

A fermented alcoholic whey product is pro- 
duced by culturing with yeast and sugar at 58 to 
72° F, for 3 d., followed by a series of holding 
periods at lower temperatures, decantation of 
the liquid and final aging to produce a liquor of 
light green color, pleasant taste and bouquet and 
a milk smoothness. R. Wldtaker 

96. Chemical engineering unit processes review. 
Fermentation. H. E. Silcox and S. B. Lee, Merck 
& Co., Rahway, N. J. Ind. Eng. Chem., 40, 9; 
1602-1608. 1948, 

This paper is one of 18 review articles on unit 
processes. Sections of the fermentation review of 
interest to the dairy industry include those on 
ribofiavin, penicillin and lactic acid. 

B. H. Webb 

Also see abs. no. 83, 84. 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

97. The cholesterol content of cows* milk. B. 
Nataf, O. Mickelsen, A. Keys, and W. E. 
Petersen. Univ. of Minn., Minneapolis and 
St. Paul, J. Nutrition, 36, 4 : 495-506. Oct., 
1948. 

The cholesterol content of “winter** and “sum- 
mer** miUcs from Holstein, Jersey and Guernsey 
cows was determined. No ester cholesterol was 
found. The average cholesterol content of milk 


from all cows was 11.4 mg. per 100 ml. during 
winter and 11.3 mg. during summer. Holstein 
milk contained more cholesterol in summer than 
winter, but the reverse was true for Jerseys. 
These seasonal differences were barely significant. 
The data from Guernsey cows were less complete 
and a similar comparison was not made. The 
milk from Holsteins contained less cholesterol 
than the other breeds during the winter, but 
differences betwem breeds were not significant 
for summer milk because of comparatively large 
variations between cows of the same breed during 
this season. 

Significant correlations were found between fat 
and cholesterol contents during both winter and 
summer. R. K. Waugh 

98. Uber den Nachweis der Kurzerhitzung der 
Milch mit Hilfe der Phosphatasereaktion. (On 
the phosphatase test for diecking of short time 
heating.) English summary. G. Schwarz and 
O. Fischer. Die Milchwissenschaft, 3, 2: 41-45. 
1948. 

Comparisons between the Scharcr and the Kay 
and Graham phus'phatase tests showed both tests 
to be equally sensitive. However, the difficulty 
in obtaining the rather expensive phosphotungstic 
acid and molybdate required in the latter test 
induced the authors to use the Scharcr method. 
The Scharer test was modified in that the lead 
acetate was replaced by ZnS 04 ; borax by NajGOs 
and NaHCOg, and by the addition of N/4 NaOH 
to adjust the reaction to pH 9.3. The modified 
Scharcr test required the following reagents; (a) 
1 g. disodium phenylphosphate (phenol free) to- 
gether with 1 g. NajCOg and 9 g. NaHCOa, dis- 
solved in water to make 11. Prepare fresh daily, 
(b) 10% ZnSO^; (c) N/4 NaOH; (d) 10 mg. 
2,6-dibromoquinonchlorimid in 10 ml. of 96% 
alcohol. Prepare fresh daily and keep away from 
light. 

Procedure: To 0.5 ml. of milk add 10 ml. of 
buffer (a). Mix and hold for 2 hr. at 37° C. 
Add 1 ml. of 10% ZnS 04 . Mix well and add 1.5 
ml. N/4 NaOH and filter through hardened filter 
paper (Schleicher and Schull 605, extra hard). 
Add to the clear filtrate 0.5 ml. N/4 NaOH and 
10 drops dibromoquinonchlorimid reagent. Hold 
for 15 minutes and determine extinction co- 
dficient, using filter 561. By omitting the use of 
ZnS 04 and by increasing the holding time at 37° 
G. from 2 to from 4 to 6 hr., positive tests were 
obtained (a) if milk was heated for 30 minutes at 
61° G. instead of at 63° G., (b) if milk was 
heated at 62° for 20 minutes instead of 30 
minutes, (c) if milk was heated for short time 
holding at 69° instead of 71° G., (d) if 0.2% 
raw milk was added to properly pasteurized milk. 
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Ilk order to prevent bacterial action during the 
longer holding time, p-chlorobenzoic acid was 
added to reagent (a) at the rate of 5 g. per liter. 
Although a Pulfrich photometer was used to make 
the readings, the observations also can be made 
with the naked eye with a little practice. 

I. Peters 

99. The use of ascorbic acid in controlling 
oxidized flavor in milk. B. Weinstein, M. Low- 
ENSTEiN and H. C. Olson, Okla. Agr. Expt. 
Sta., Stillwater. Milk Plant Monthly, 37, 10: 
116-119. Oct., 1948. 

The object of this experiment was two-fold, 
namely: (a) to determine how much ascorbic 
acid must be added to prevent the development 
of an oxidized flavor, and (b) how much ascorbic 
acid must be added to prevent the development of 
the off flavor in milk which contained various 
amounts of added copper. All determinations of 
ascorbic acid were made utilizing the modified 
Wocs.sner method. 

Milk produced in winter showed a greater 
tendency to become oxidized than that produced 
in spring. Addition of 35 mg. of ascorbic acid 
per 1. of milk prevented development of an 
oxidized flavor in milk held at 45® F. for 742 hr., 
although identical unfortified samples became 
oxidized. In no case did 35 mg. of ascorbic acid 
prevent oxidized flavor in samples containing 0.25 
p.p.m. or more of added copper. In those samples 
containing 0.25 p.p.m. of added copper, 50 mg. 
of ascorbic acid was necessary to prevent the 
defect and in severe cases, such as samples con- 
taining 1 p.p.m. of added copper, as much as 150 
mg. of ascorbic acid was required. In all cases 
milk which became oxidized possessed a lower 
ascorbic acid content at the end of the storage 
period than those samples which did not become 
oxidized. J. A. Meisei^, Jr. 

100. Lactic add polymers as constituents of 
synthetic resins and coatings. P. D. Watson, 
Agr. Research Admin., U.S.D.A., Washington, D. 
C, Ind, Eng. Chem., 40, 8: 1393-1397. 1948. 

Lactic acid is produced by fermentation of the 
carbohydrates present in com sugar, molasses and 
whey. Although cheese and casein whey are a 
potential source for 400,000,000 lb. of lactic 
acid, only 6,000,000 lb. are produced annually 
from all sources. The relatively high price of the 
purified acid has retarded its greater use. About 
400, 0(X) lb. now are used in the plastics industry. 
This paper describes modified lactic acid con- 
densation polymers which may be of interest to 
the coatings industry. The most useful of these 
products appears to be a modified polylactylic 
acid^fatty oil polymer, from which tough, water- 


resistant coatings may be formulated. Another 
class of resins is the metal polylactyl lactates 
derived almost entirely from lactic add; these may 
be used for protective and decorative coatings. 

B. H. Webb 

Also see abs. no. 82, 83, 107. 

DAIRY ENGINEERING 

A. W. FARRELL, SECTION EDITOR 

101. Vacuum treatment of milk powder. H. 
Shipstfad. (Assigned to Borden Go.) U. S. 
Patent 2,453,277. 3 claims. Nov. 9, 1948. Of- 
fidal Gaz. U. S. Pat. Office, 616, 2: 444. 1948 

Milk is spray dried in the conventional manner 
except that the moisture content is higher than 
that desired in the final product. The hot powder 
is conveyed without loss of heat to a vacuum 
chamber where a portion of the moisture in the 
powder is flashed off and the product is cooled. 

R. Whitaker 

162. Method for the evaporation and concentra- 
dou of liquids. G. G. Zahm. (Assigned to 
Hurd Corp.) U. S. Patent 2,450,774. 3 claims. 
Oct. 5, 1948. Official Gaz. U. S. Pat. Office, 615, 
1: 209. 1948. 

Liquid food products such as milk arc passed in 
a film over a heat exchanger under vacuum. The 
vapon are condensed under vacuum and the flavor 
containing constituents in concentrated form may 
be collected and returned to the concentrated 
solids if desired. The process is conducted rapidly 
at a high vacuum and relatively little heated 
flavor is produced. R. Whitaker 

Also sec abs. no. 116, 122. 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

103. The future of milk consumption. A review 
of the main factors influencing milk consumption. 
L. Spencer, Cornell Univ., Ithaca, N. Y. Milk 
Plant Monthly, 37, 10: 124-130, Oct., 1948. 

Those factors of greatest importance in in- 
fluencing future milk consumption in the U. S. 
are; (a) population, (b) convenience, service, 
quality and availability of milk as compared to 
other foods. The author concludes that the 
general outlook of milk consumption is favorable, 
although there is a definite need for imilraving 
the attitude of the consumer towards the dairy 
industry. This he reasons can be done only by an 
increased effort to inform the public as to costs, 
prices and profits encountered by the industry, 
as well as to the nutritive value of the product. 

J. A. Meiser, Jr. 
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104. How die Boston fonnub works. W. C. 
Weidon, H, P. Hood and Sons, Boston, Mass. 
Am. Milk Rev., 10, 11: 32, 34, 78, 79. Nov., 
1948. 

A new formula for determining the price which 
farmers receive for class 1 or fluid milk was 
put into effect in the Federal order markets of 
Boston, Fall River and Lowell-Lawrcncc on 
April 1, 1948. The formula is based upon an 
average of three separate indices, (a) wholesale 
commodity price index for the entire United 
States, as prepared by the Bureau of Labor 
Statistics, (b) department store sales index for 
New England, published by Federal Reserve 
Bank, and (c) farm labor and feed cost index 
prepared by the Federal Market Administrator. 
The average index is applied to the base price 
which existed in 1925-29. Price changes occur 
at 22-cent intervals when called for by the for- 
mula. Two additional price stipulations were 
super-imposed on the al^ve formula price, A 
seasonal control factor provides for an increase 
of 44 cents per 100 lb. in the fourth calendar 
quarter and 44 cents decrease in the second 
calendar quarter. A supply-demand control fac- 
tor provides for a decrease of 44 cents per 100 
lb. if a surplus greater than 41% exists for the 
previous 12 months, and an increase of 44 cents 
if the surplus is less than 33%. 

The older method of arriving at milk prices 
by making use of market quotations for butter 
and skim milk powder was unsatisfactory, and 
price changes subject to public hearings likewise 
proved unsatisfactory. Acceptance of the new 
formula has been favorable among all groups, 
but the real test will come when price reductions 
are called for. . D. J. Hankinson 

105. Laboratory control of finished dairy prod- 
ucts. K. G. Weckel, Univ. of Wis., Madison. 
Milk Plant Monthly, 37, 9: 34-36. Sept., 1948. 

The author divides the laboratory control of 
dairy products into four phases: (a) chemical 
control, (b) bacteriological control, (c) control 
of physical properties, and (d) control of organ- 
oleptical properties. A brief discussion of 
methods used to effect these controls is presented. 

J. A. Mciscr, Jr, 

106. Ten tips to dirift. A. G. Kieghun, Pomp- 
ton Lakes, N. J. Ice Cream Rev., 32, 5: 37, 72- 
74. Dec., 1948. 

The author offers 10 helpful suggestions for 
keeping the tax expense at a minimum. The 
suggestions offered are as follows: (a) Deduct 
adequate depreciation to cover normal wear and 
tear on business property, machinery, non-me- 


chanical equipment trucks, fixtures, etc. (b) 
Trade-in allowances on equipment when properly 
handled may result in an income tax reduction. 
Whenever the trade-in allowance of equipment 
is less than the unrccovered book value of the 
equipment, a tax saving will result by selling 
the equipment for cash and recording the loss 
on the books. Such losses then may be deducted 
on the income tax return, (c) Repair and 
maintenance costs should be considered as ex- 
pense items which are deductible from income. 
Such items should not be considered as increas- 
ing the value of the assets of the business in 
which case they will increase the amount of tax 
to be paid, (d) Bad debts, both personal and 
business, should be written off and deducted, 
(e) Non-business expenses which include any 
items paid during the taxable year in connection 
with the earning of taxable income should be 
recorded and deducted, (f) Inventories should 
be carefully recorded and figured at cost or mar- 
ket value whichever is the lower, (g) Since 
deductions overlooked one year are not deduct- 
ible the following year, it is important that the 
tax return be set up in rough form before the 
books for the current year are closed. The re- 
turn then can be examined to make certain no 
transactions which might reduce the income 
tax have been overlooked, (h) Transactions 
throughout the year should be followed closely 
to make certain they arc recorded to conform 
with those regulations which will give the maxi- 
mum relief from taxes, (i) Record promptly 
and accurately all transactions. Do not trust to 
the memory to recall details of transactions sev- 
eral weeks or months old. (j) Figure the income 
tax early enough to make it possible to determine 
what effect, if any, certain adjustments might 
have on the tax to be paid. W. J. Caulfield 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

107. Comparison of methods for the determina- 
tion of carotene. J. V. Derby, Jr., and J. B. 
DeWitt, U. S. Dept, of Interior, Fish and Wild- 
life Service. J. Assoc. Offic. Agr. Chemists, 31, 
4: 704-708. Nov., 1948. 

Replicate samples of dehydrated alfalfa leaf 
meal were assayed for carotene content by using 
the methods of Wall and Kelley (Ind. Eng. 
Chem., Anal. Ed., 15 : 18. 1943), a modified 
A.O.A.C. 'procedure, saponification of the ex- 
tracts of the modified A.O.A.C. procedure and 
an alcohol potash digestion method for extrac- 
tion of pigments. When the extinction coeffi- 
cients of the carotene solutions were plotted 
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against wave length, the results obtained by the 
4 procedures varied. The curves indicated that 
the extracts differed in amounts of other carote- 
noid pigments. The solution obtained by the 
Wall and Kelley procedure appeared to contain 
the highest percentage of pure p-carotene, al- 
though the total content of carotenoids was lower 
than that of any of the other methods. The 
amount of carotene found by the modified 
A.O.A.G. procedure was 45% greater than that 
found by the Wall and Kelley method. Dif- 
ferences observed in the results of assays on 
replicate samples were thought to be due to 
varying degrees of efficacy of the extraction 
technics. F. J. Babel 

106. Wood yeast as a protein supplement £. G. 
Ritzman, Univ. of N. H. Guernsey Breeders’ J., 
74, 6: 1025-1026, 1070. Nov., 1948. 

Two groups of three Guernsey cows each, were 
fed a grain mixture containing wood yeast as 
a protein supplement. Soybean meal was used 
in the check ration. The grain mixtures con- 
tained approximately 20% crude protein, with 
234 lb. of wood yeast replacing 250 lb. of soy- 
bean meal. 

Group I was fed the mixture with wood yeast 
for 4 weeks and then switched to the mixture 
with soybean meal for 4 weeks. Group II was 
fed in the reverse order. The wood yeast ap- 
peared to give as good results in milk production 
as soybean meal. A. R. Porter 

Also see abs. no. Ill, 124. 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

109. Your herd sire— expense or inve|pnent? 
G. E. Gordon, Univ. of Calif. The Jersey Bull., 
67, 22: 1932-1933, 2041-2045. Nov. 25, 1948. 

Cost figures from the San Pasqual Breeders 
Association, Inc., San Diego County, California, 
show $146.53 annual costs per bull for invest- 
ment and capital. Current annual costs aver- 
aged $222.00 for feed, $81.11 for labor and $7.50 
for veterinary service and miscellaneous, or a 
total annual cost of $457.14 per bull. 

A bull with 8 daughters averaging 42 lb. of 
butterfat more than their dams is estimated to 
contribute an additional $336.00 per year to the 
herd income or $1680.00 increased income over 
a 5-year period. In addition, his bull calves 
sold for Mgher prices and his daughters had 
gieater sale value. Bull calves from an unproved 
biiH sold for an average of $168.00. After his 
proving 110 lb. of butterfat increase for 
his dauohiin over their dams, his $om sold for 


an average of $455.00 each. The figures given 
show the need for careful selection of a herd 
sire as a good investment. A. R, Porter 

110. Die l^timgsveierliimgen Sehweiaer Bram^ 
viehstiere in der AUgimer Kerdebiidhxuclit, unter 
besonderer BerUcksichtiguiig des Fettpvosentge* 
haltes. (The heritable factors of the Brom 
Swiss bolls iq the Allgau pedigree cattle breeds 
with special consideration of the percentage of 
bntterfat.) English summary. H. KoRpaiOH. 
Die Milchurissenschaft, 3, 4: 89-97. 1948. 

The records of 13 domestic and imported 
Brown Swiss bulls were examined for herd im- 
provement. The milk yield and the per cent 
butterfat of the daughters were compared with 
that of the respective dams of the domestic 
Allgau breed. The results showed that both 
superior and inferior bulls had been imported 
from Switzerland. It was concluded that the 
import of expensive sires was justifiable only in 
cases where herd improvement was certain. 

1. Peters 

111. Forage crop management for higher yields. 
C. M. Harrison, Mich. State College, £. Lansing. 
Hoards Dairyman, 93, 22 : 859. Nov., 1948. 

The value of the following mixtures for hay, 
pasture and green manure was studied: 1. Red 
clover, alsike clover, white clover, timothy and 
Kentucky blue grass. II. Timothy, smooth 
bromegrass, peremiial rye grass, Kentucky and 
Canada blue grass. III. Alfalfa, red clover, al- 
sike, white clover and smooth bromegrass. IV. 
Alfalfa, red clover, alsike clover and white clover. 
Four blocks of each mixture were left for hay, 
4 were pastured continuously by sheep and the 
remaining 4 were used for first hay and second 
crop pasture. The three systems of management 
were carried on over a 3-year period. Mixtures 
III and IV produced approximately twice as 
much hay over the 3-ycar period as did mixtures 
I and II. Mixture I (predominantly red clover 
the first year) produced very little more the first 
year or in total than did mixture II. Mixtures 
I and II produced no second cutting in 2 of the 
3 years and a comparatively small amount only 
in the firs^ year. Yields under grazing treatment 
varied in much the same manner as they did 
when cut for hay. During the 3 years, mixture 
I produced 9,079 lb. hay and 828 days of grazing; . 
mixture 11, 8,213 lb. hay and 774 days; mixture 
III, 14,703 lb. and 2,058. days; and mixture IV, 
11,689 lb. and 2,022 days. It appean that 
mixtures containing alfalfa were almost twice 
productive as the straight grass or grass^ed 
dover mixture when measu^ as hay or by 
grazing Hveitnck. J* B. Fr^ Jt, 
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ICECREAM 

O. D. DAHLE, SECTION EDITOR 

112» Ice cream mixes as influenced by homo- 
gemcadoB of only a part of the mix. W. A. 
Kuenke and R. A. Hibbs, Fla. Agr. Expt. Sta., 
Gainesville. Ice Cream Trade J., 44, 11 : 48, 49, 
78, 79. Nov., 1948. 

Fractional homogenization of ice cream mixes 
made from cream (40% fat), condensed skim 
milk (36% serum solids), sodium alginate and 
water (180 p.p.m. hardness) proved satisfactory 
when 54% of the mix containing all the milk 
products was homogenized. Satisfactory whip- 
ping resulted and the body and texture score of 
the ice cream was only slightly below that of 
ice cream made from a completely homogenized 
mix. This practice if used would result in some 
saving on power and a smaller homogenizer 
could be used. W. H. Martin 

113. Superheating ice cream mixes. W. H. 
Martin, Dairy Husb. Dept., Kansas State Col- 
lege, Ice cream Field, 52, 4: 65--6. Oct., 1948. 

The author reports results obtained on super- 
heating ice cream mixes by injecting live steam 
into mix made in a vacuum pan. Heating 
the mix at 190^ F. for 10 minutes increased 
mix viscosity 33%, whereas heating at 210® F. 
for 10 minutes increased mix viscosity 250% over 
that of mixes not superheated. The whipping 
properties of mixes were impaired slightly by 
superheating. Superheating mixes at 190® F. for 
10 min. or at a higher temperature or for a 
longer time impaired the flavor of the resulting 
ice cream. The body and texture of ice cream 
made from superheated mixes containing stabi- 
lizer were equal to and often superior to icc 
cream manufactured from mixes not superheated. 
Ice cream made from superheated mixes con- 
taining no stabilizer was coarse in texture. 

Bacterial destruction as a result of superheat- 
ing was efficient. Counts of 200 to 400 bacteria 
per ml. were common, and it is claimed that the 
process can be depended upon to reduce the bac- 
teria count to 10,000 per ml. or less. 

W. C. Cole 

114. Stormg milk solids for ice cream. C. D. 
Dahle, W. F. Coluns, and J. A. Meiser, Jr., 
Dairy Dept. Penn. State College. Ice Cream 
Field, 52, 4: 53, Oct, 1948. 

The following recommendations are made: 

Frozen cream: Use sweet cream with 40% fat 
or more, pasteurize at 170® F. for 10 minutes 
or longer, cool and run into new timied 50 lb. 
ckrjs. Ftecae at -15® F. and store at about 


- 10® F. Avoid copper equipment Employ 
suitable crushers or slicers to avoid mess and 
work of defrosting. 

Plastic cream: Precautions for frozen cream 
apply except that the fat content is about 80%. 
Use essentially as butter of 93 score. 

Concentrated mix: A concentrated mix or a 
blend of fat and solids-not-fat of the proper ratio 
can be frozen and stored. Heat to 170® F. for 
10 minutes before condensing. Use copper free 
equipment. 

Frozen mix: Pasteurize the whole mix at 170® 
F. for 20 minutes before freezing; may be stored 
for 6 months and does not require rehomogeni- 
zation, but authors advise storing concentrated 
mix instead. 

Frozen condensed milk: Plain condensed skim 
milk tends to curdle when frozen and held for 
long periods of time, but the product will disperse 
in the hot mix if handled properly. They recom- 
mend preheating of skim milk at 160 to 170® F. 
instead of the higher temperatures commonly 
used; condense to 3:1 or 4:1 and freeze; store at 
- 10 to. - 15® F. Either plain or superheated 
condensed skim milk may be frozen and stored, 
and the product has been useable after 6"12 
months in storage. W. C. Cole 

115. Fried ice cream. Anonymous. Ice 
Cream Rev., 32, 5: 40. Dec., 1948. 

A new novelty item recently introduced in the 
ice cream field is “Frigid Frys” or fried icc 
cream. In making this novelty a portion of ice 
cream of any desired shape is covered with a 
specially prepared dough and fried in deep fat 
for approximately 1 minute. This will cook the 
dough to a light brown color without melting 
the ice cream. Frigid Frys require no special 
dishes for serving and are well adapted for the 
carry out trade. They are said to have all the 
sales appeal of pic a la mode. It is anticipated 
that exclusive dealer territory will be established 
for distribution of this new novelty item. 

W. J. Caulfield 

116. Wind tunnel eliminates need for big har- 
dening room. Anonymous. Ice Cream Rev., 
32, 4: 74, 76. Nov., 1948. 

A compact wind tunnel costing approximately 
$3,000 has been installed in the plant of the 
Kilgore Eastland Creamery, Eastland, Texas. 
The tunnel with suitable shelving occupies a 
space 3 feet wide, 6 feet high and 8.5 feet long. 
It is capable of hardening the output of an 80- 
gallon per hr. continuous freezer in a continuous 
movement process. 

When a container of ice cream from the freezer 
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is placed on a shelf on the tunnel, it is used to 
push ahead the container in front of it. By 
the time the ice cream has travelled the length 
of the tunnel, it is thoroughly hardened and may 
be stored in the hardening room or loaded di- 
rectly onto trucks. 

Advantages claimed for the comparatively low- 
cost hardening tunnel are smoother textured ice 
cream and less need for maintaining a large stock 
of ice cream on hand. W. J. Caulfield 

117. Refrigeratiiig with dry ice. G. B. Arsc- 
BTROKO, Mathieson Chemical Corp. Ice Cream 
Field, 52, 2: 31, 34, 35. Aug., 1948. 

Dry ice now is being used in large trucks for 
wholesale delivery and small trucks for door-to- 
door sales, as well as in ice cream cabinets, in 
retail stores and to refrigerate take home pack- 
ages of ice cream. In wholesale delivery trucks, 
bunkers arc installed so they will be accessible 
when the truck is fully loaded. Air circulation 
may be helped by installing blowers. For eco- 
nomical use of dry ice refrigeration of trucks, 
(a) adequate bunker capacity, (b) use of eco- 
nomical design of truck body, (c) efficient insula- 
tion — ^at least 6 inches of standard insulation and 
(d) proper hardening of ice cream before loading 
truck arc stressed. A well-constructed ice cream 
truck body with 3 compartments (400 gal. ca- 
pacity) should not exceed an average daily re- 
quirement of 50 Ib. of dry ice. A 2-compartment 
dry ice cabinet in a room at 70® F. requires 
about 11 lb. per day. An ice cream packing 
chart for dry ice accompanies the article. 

W. C. Cole 

118. Abbotts solves its truck moisture problems. 
E. W. Holgren, Abbotts Dairies. Icc» Cream 
Field, 52, 2: 32-33. Aug., 1948. 

For somewhat over 20 years, Abbotts Dairies 
Fleet Maintenance Dept, has had in affect a 
checking system to reduce to a minimum the 
accumulation of moisture in truck bodies. This 
check includes: (a) Weighing of the truck an- 
nually to determine any increase in gross weight 
of empty trucks compared with these weights 
when the trucks were new; the cause of any in- 
crease is determined, (b) A regular inspection 
is made of the refrigerated plates, (c) The 
electrical energy required to operate the com- 
pressors is measured, (d) All refrigerated units 
are defrosted once a month. 

An expanded polystyrene is used for in;tula- 
tion, with ends and sides 6 in. thick and floor 
and roof 8 in. thick. A water asphalt emulsion 
ii used on the joints and on the outside of the 
Jgl^tiott just under the metal covering. 


The delivery trucks are equipped with me- 
chanical refrigeration compressors of 1.5 H.P. 
capacity connected to 4 eutectic plates, while 
the transport trucks arc refrigerated with dry 
ice. W. C. Cole 

119. Ice cream preference tests. P. S. Lucas, 
Mich. Agr. Expt. Sta., E. Lansing. Am. Milk 
Rev., 10, 12: 56-58. Dec., 1948. 

Pure vs. imitation vanilla and strawberry fla- 
vors were rated in order of preference by the 
general public. Five combinations of vanilla 
flavoring were rated by 44 persons as follows: 
first-pure vanilla; second — limitation vanilla; 
third — ^purc vanilla reinforced with vanillin; 
fourth — ^pure vanilla reinforced with coumarin 
and fifth — vanilla fortifier only. Five combina- 
tions of strawberry flavoring were rated by a group 
of 15 experienced scorers as follows: first — ^truc 
fruit strawberry extract; second — ^truc fruit 
strawberry concentrate; third — strawberry flavor, 
single strength, reinforced; fourth — imitation 
strawberry flavor and fifth — special imitation 
strawberry. The above 5 strawberry flavor com- 
binations were rated by. 23 inexperienced scorers 
m the same order as the experienced scorers 
except the second and third ratings were re- 
versed. The above strawberry flavoring materi- 
als were added to 5 gal. ice cream mix plus 3 
qt. strawberries It was concluded from this 
study that consumers prefer pure flavoring ma- 
terials in ice cream. D J Hankinson 

120* Slide rule to greater dealer profits. T. E. 
Heindfnreich, Jr. Ice Cream Trade J., 44, 1 1 : 
33, 71, 72. Nov., 1948. 

A slide rule to be used in the determination of 
the exact cost of any fountain item has been de- 
veloped by the General Ire Cream Co. of Sche- 
nectady, N. Y. “The working portion of the rule 
is a slide which can be set at the cost per gallon 
of ice cream. Four sets of figures come into view 
showing the exact cost of 5 different scoop sizes, 
4 weights of pints, 5 weights of quarts and the 
factory filled pints. All figures are based on a 78 
oz. gallon.** W. H. Martin 

121. Combined spoon and lid for containers. 
R. C. Wilson. U. S. Patent 2,453,393. 2 claims. 
Nov. 9, 1948. Official Gaz. U. S. Pat. Oflice, 
616, 2 : 474. 1948. 

The disk-shaped lid of a paper cup, suitable for 
ice cream, is scored in such a manner that a 
section of the lid may be easily detached and 
folded to form a spoon-like member. 

R. Whitaker 

Alio see abs. no. 87, 88. 
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MILK 

P. H. TRACY, SECTION EDITOR 

122. Die Mildumnalitne vom Fahrzeug bis zum 
Amudiinebehaher. (Recqition of milk.) Eng> 
lish summary. W. Schulz. Die Milchwisscn- 
schaft, 3, 2: 29-36. 1948. 

Milk should be loaded into trucks in a manner 
permitting quick and easy unloading. Loading 
and unloading from the side is preferable. A 
mechanical can carrier with moving chains is best 
and for easy unloading should not be higher than 
the lowest loaded truck. Cans should pass 
through rinse, defroster (if necessary) and cover 
loosener and should be examined on their way to 
the dump tank. For quick, easy dumping of 
milk, a suitable can dumper should be installed, 
requiring a minimum of physical labor, leaving 
the cans in an inverted position on their way to 
the can washer. I. Peters 

123. Observations on rough or “spotty” homo- 
genized milk. G. M. Trout and J. R. Brunner, 
Mich. State College, £. Lansing. Milk Plant 
Monthly, 37, 10: 92-94. Oct., 1948. 

The rough granular substance adhering to the 
inner surface of a partially emptied homogenized 
milk bottle was found by microscopic examination 
to be a fatty material that was stained readily by 
Sudan 111. Routine line checks of the processing 
operation proved that non-hoinogenized milk was 
contaminating the homogenized product in the 
bottle filler reservoirs. Either ceasing to bottle 
cream prior to bottling homogenized milk or a 
thorough clean-up between operations eliminated 
this defect. J. A. Meiser, Jr. 

124. Benzene hexachloride flavored milk. H. 

G. Lindquist and R. W. Donaldson, Univ. of 
Mass., Amherst. J. Milk and Food Technol., 11, 
6: 325-326. Nov.-Dee., 1948. 

Potatoes grown in fields treated with benzene 
hexachloride, or 666 to dcsttuy wire worm^, were 
rendered unfit for human consumption. A util- 
ization of these potatoes as cattle feed prompted 
the authors to study the effects on the flavor of 
milk from cows fed these products. An off-flavor 
was observed in the potatoes and in the milk. 
However, the flavor varies in intensity and only 
a keen sense of taste will detect it. No specific 
chemical test was satisfactory to detect the pres- 
ence of this compound in milk. The investigators 
are of the opinion that the presence of small 
amounts of benzene hexachloride in potatoes or in 
milk obtained from cows fed the potatoes is harm- 
less to humans. H. H. Weiscr 


125. Paper bottle top. J. P. Jones. (Assigned 
to Dairy Specialties, Inc.) U. S. Patent 2,453,- 
133. 2 claims. Nov. 9, 1948. Official Gaz. 
U. S. Pat. Office, 616, 2: 408. 1948. 

Milk may be poured easily from a paper bottle 
by inserting this device which consists of a gradu- 
ally pointed tube, ending in a discharge spout and 
provided with a projection to determine extent 
of insertion. R. Whitaker 

126. Milk delivery tube. J. A. Hopwood. (As- 
signed to Monitor Process Corp.) U. S. Patent 
2,449,229. 2 claims. Sept. 14, 1948. Official 
Gaz. U. S. Pat. Office, 614, 2: 455. 1948. 

A tube for draining milk from milk cans is 
described; it may be detached ea.sily for cleaning. 

R. Whitaker 

127. The reseparation method for increasing the 
viscosity of cream. A. G. Smith and F. J. Doan, 
Penn. Agr. Expt. Sta., State College. Milk Plant 
Monthly, 37, 10: 84-88. Oct., 1948. 

Using a variable speed separator and maintain- 
ing accurate temperature controls, the authors 
found that the increase in viscosity obtained by the 
reseparation method was not due to centrifugal 
action, but was the result of a controlled heating 
and cooling treatment. This treatment, they 
reasoned, was nothing more than a variation of 
Hening and Dahlbcrg’s rebodying process. The 
reseparation method offered several disadvantages 
in that it enhanced cream plug formation and 
scrum separation in aged cream and necessitated 
the use of an extra piece of equipment. 

J. A. Meiser, Jr. 

128. Cream defects— their causes and preven- 
tions. Lynn R. Glazier, Pfaudlcr Co., Roches- 
ter, N. Y. Am. Milk Rev., 10, 12 : 64-65. Dec., 
1948. 

The 10 defects described are cream plug, 
feathering, foaming, high acidity, lipase activa- 
tion, off-flavors, oiling-off, poor whipping ability, 
poor viscosity and scrum separation. Causes and 
preventions are listed in tabular form. 

D. J. Hankinson 

129. Milk fat in milk chocolate. L. W. Ferris, 
Food and Drug Admin., Federal Security Agency, 
Buffalo, N. Y. J. Assoc. Offic. Agr. Chemists, 31, 
4: 728-731. Nov., 1948. 

Results are presented which show that straight 
ether extraction of milk chocolate leaves an ap- 
preciable amount of milk fat unextracted. A 
method is presented which effects a more com- 
plete extraction of the fat. The method consists 
of extraction witJi ether, followed by the addition 
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of 1,4-dioxane and heating and final extraction 
with ether. In one instance sli|^tly more than 
1% of additional milk fat was obtained by the 
proposed method. F. J. Babel 

130. Milk vending— « new horiaon. £. J. New- 
comer, City Milk Go., Inc. Am. Milk Rev., 10, 
11:40, 42. Nov., 1948. 

Vending machines have not been used widely 
for dispensing milk. Health regulations and the 
wide variety of bottles used for milk have dis- 
couraged the design of automatic milk vendix^ 
machines. However, automatic equipment now 
is available to dispense all types of containers, 
and some machines will dispense both chocolate 
and plain milk. When two products are de- 
livered by the same machine, it is possible to serve 
as many as 168 persons in 15 minutes. Auto- 
matic vending equipment is compared with manu- 
ally operated equipment, which served only 35 
units in 15 minutes. Automatic vending equip- 
ment is considered most adaptable to factory 
service and apartment houses. Machines must 
be capable of accepting varying amounts of 
money, because the price of milk varies widely in 
different areas. Either the 1/3 qt. or 10-oz. 
bottle is recommended. It is pointed out that 
consumers readily choose milk instead of other 
beverages where both milk and beverage vending 
machines are in use. D. J. Hankinson 

131. Concentrated apple juice and milk modi- 
fier. H. St, Clair. (Assigned to Ridgewood, 
Inc.) U. S. Patent 2,450,456. 10 claims. Oct. 
5, 1948. Official Gaz. U. S. Pat. Office, 615, 1: 
133. 1948. 

Milk for feeding infants and children is made 
more digestible and nutritious by blending with 
concentrated apple juice having a pH of '4.5 to 
5.5 and a density of 68 to 75® Brix. 

R. Whitaker 

Also see abs. no. 89, 93, 97, 98, 99, 103, 104, 
133. 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

132. Die Regulienmg der Laktation. (The reg- 
ulatioa of the lactation.) English summary. E. 
Fauvet. Die Milchwissenschaft, 3, 3: 61-65. 
1948. 

lactation is a nutritive process found in mam- 
muds as well as in some lower classes of animals. 
In the lower classes of animals, some males and 
gonad-leas individuals are capable of nursmg the 
ymsng. During the process of evolution, lacta- 
tij^ iUKS becx>me an economic and purely maternal 


In the higher mammals the nidimentary mam- 
mary glands devebp during pregnancy and start 
fimctioning autonomically after the disappearance 
of progesteron. The pituitary gland takes no ac- 
tive part in this process at first, since the hypo- 
tiietically assumed milk-forming hormone does 
not exist. Only through the stimulatory act Of 
sucking is the pituitary gland caused to produce 
a histotrope honnone, the latter maintaining and 
renewing continuously the parenchyma of the lac- 
tative glands. By means of this change, tite 
mammary gland becomes independent of its fol- 
licle hormone and becomes subordinate to the 
pituitary controlling growth factor. I. Petm 

NUTRITIVE VALUE OF DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

133. The fortification of milk with vitamins A 
and D. Council on Foods and Nutrition. J. 
Am.Med. Assoc., 138, 1: 23. Sept. 4, 1948. 

The Council long has approved fortification of 
milk with vitamin D, but it has stated the opinion 
that fortification of milk as a general purpose 
food with vitamin is not in the interest of public 
health. There is no objection to the presence of 
viamin A when the preparation used for fortifying 
with vitamin D contains vitamin A in natural as- 
sociation. Fish liver concentrates often contain 
large amounts of vitamin A, and milk fortified 
with these concentrates has been accepted and a 
statement of vitamin A content has been permitted 
on the label. 

The 'Council believes that, even though the 
procedure apparently is harmless, evidence is lack- 
ing that fortification with vitamin A is in the in- 
terest of public health and does not constitute 
reason for the acceptance of advertising that si;^- 
gests special nutritional advantages. Since milk 
is a go^ source of vitamin A, additional fortifica- 
tion with vitamin A may add to the cost of the 
milk. D. P. Click 

SANITATION AND CLEANSING 

K G. WECKEL, SECTION EDITOR 

134. Wettii^ Agents. Some facts about the 
nature, uses and economic importance of wetting 
agents. R. H. Smith, E. 1. Du Pont de Ne- 
mours & Co., Chicago, 111. Milk Plant Monthly, . 
37, 9: 80-81. Sept., 1948. 

Wetting agents may be classified according to: 
(a) the source of the raw material used In tiao 
manufacture of the compound, (b) the typip Ion 
produced when the compotsid is dissolved in 
wiUes, and (c) the physical pn^perties oi 
compound. 
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The vast majority of wetting agents belong to 
the anionic group, being produced from non-fat 
raw materials, and should possess one or more of 
the following properties: (a) sequestering action, 
(b) power of penetration, (c) power of suspen- 
sion, (d) pow^ of dispersion, (e) emulsifying 
ability, (f) detergency, and (g) ability to lower 
surface tension. 

Considering the above properties, all detezgents 
may be called wetting agents. However, not all 
wetting agents can be classified as detergents. 

J. A. Meiser, Jr. 

135. Let’s look at brushes. Norman Myrick. 
Am. Milk Rev., 10, 12: 34-35. Dec., 1948. 

Since 20 to 25% of the labor in a milk plant 
is expended for cleaning, a knowledge of brushes 
is important. The diameter of a brush for the 
inside of sanitary pipe should be greater than the 
diameter of the pipe, but not so much greater that 
matting of the brushes occurs and swabbing ac- 
tion instead of brushing action takes place. The 
bristle should bow somewhat, allowing the end to 
do the cleaning. Separator discs are cleaned be- 
tween 2 counter-revolving brushes. Solution-fed 
brushes are useful for cleaning large surfaces. 
Nylon bristles, although more expensive than ani- 
mal fibre bristle brushes, arc more durable. Fur- 
thermore, nylon bristles are available in various 
diameters and do not become water-soaked. 
Motor driven brushes also are useful. Cleaning 
solution temperature of 115® F, is suggested. 

D. J. Hankinson 

136. The influence of pH on the eflSciency of 
hypochlorite solutions in sterilizing metal surfaces. 
C. M. Cousins and J. Wolf, Milton Antiseptic 
Ltd., and Dcosan Ltd., John Milton House, 
Brewery Rd., London, N. 7. Proc. Soc. Applied 
Bact,, 1946, 1: 15-19. 1946. 

Experiments were conducted with a culture of 
Staph, aureus and 2 cultures of thcrmoduric mi- 
crococci which were suspended in 10% skim milk, 
then inoculated on metal trays and dried. The 
highest destruction of the bacteria by hypochlo- 
rites containing 25, 50, 100 and 200 p.p.m. avail- 
able chlorine were at the alkaline pH values of 
9.5, 10, 10.7 and 11, respectively. Spores of B. 
subtilis, however, were destroyed by hypochlorites 
(50 p.p.m.) more quickly at pH 7 than at higher 
pH values. This difference in activity for hypo- 
chlorites on dried vegetative cells and dried spores 
was believed to be caused by formation of a chlo- 
roprotein in the case of the vegetative cells which 
have a cell wall of protein nature exposed to the 
action of dissociated hypochlorite. The refractile 
W|ills of spores were considered not to be of this 
protein nature, their destruction being dependent 


on the concentration of undissociated hypochlo- 
rite present. M. L. Spec^ 

137. Sterilization of dishes and utensils in eat« 
ing establishments. G. R. Weber, Milk and 
Food Sanitation Lab., U. S. Public Health Serv- 
ice, Cincinnati, Ohio. J. Milk and Food Tech- 
nol., 11, 6: 327-333, 351. Nov.-Dcc., 1948. 

Sanitization of dishes and utensils can be ac- 
complished by cleaning all utensils with an ac- 
ceptable detergent and rinsed, with hot water at 
170® F. for at least 2 min., with chlorine, or 
quaternary ammonium compounds. Since the 
latter compounds are not used widely, the author 
believes that they should be tested carefully be- 
fore being put into practical use. The type, num- 
ber of organisms and composition of the water 
used are important factors in the sanitization of 
eating utensils. H. H. Weiser 

138. Good housekeeping, an essential of modem 
dairy plant operation. W. M. Roberts, Dairy 
Manufacturing Dept., North Carolina. Milk 
Plant Monthly, 37, 10: 102-104. Oct., 1948. 

Good housekeeping in the dairy plant insures 
a high quality product that is more economical « 
to produce. It provides sound advertising and 
prevents accidents in the plant that may lower the 
morale of the worker. 

Certain questions that may be used in evaluat- 
ing your plant from the good housekeeping stand- 
point are: (a) Are the outside surroundings of 
the plant neat and attractive? (b) Does the ap- 
pearance of the manager’s office set the standard 
for the plant? (c) Are the laboratories spotless 
and well arranged? (d) Are the processing 
rooms clean and devoid of leaky fittings? (e) 
Are adequate storage facilities provided, and are 
they kept clean? (f) Are locker rooms and 
toilets maintained in an orderly and sanitary 
manner? (g) Does the engine room meet the 
standards of the remainder of the plant? 

It is the responsibility of the plant owner or 
manager to insure good housekeeping in the plant, 
and it is his duty to direct, instruct and provide 
facilities for maintaining good housekeeping in 
the plant. J. A. Meiser, Jr. 

139. Clip for cleaner milk. N. N. Allen, Univ. 
of Wis., Madison. Hoards Dairyman, 93, 22: 
851. Nov., 1948. 

In this study every other cow in the milking 
line had the udder, flanks, thighs and tail clipped 
in the manner generally recommended. Alter- 
nate cows were undipped. The cows were 
milked by hand and machine during the experi- 
ment. Samples for bacteria and sediment tests 
were taken before the milk was strained. The 
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bacteria count of the milk produced by the 
clipped cows definitely was lower than that of die 
undipped cows when the cows were hand milked. 
When the cows were machine milked, the aver- 
ages were in favor of the dipped group. Clip- 
ping did not reduce the secQment in the milk 
enough to change the grade. However, it is 
pointed out that the sediment test is not a very 
exact one and will measure only marked differ- 
ences. J. B. Frye, Jr. 

140. Types of material in accumulated dust mid 
fine d^ris. T. J. GlaydoNj Kansas Agr. Expt. 
Sta., Manhattan. Am. Milk Rev., 10, 11: 24 ;, 
76, 77. Nov., 1948. 

The dust and debris accumulations on ledges 
in creameries, cream stations and farms are shown 
to be closely related to the type of sediment found 


In empty shipping cans and in seifiment tests of 
cream. Microscopic examinations of 80 samples 
of fine material collected at 3 creameries, 40 
cream stations and 6 farms were made. The ma- 
terial found was classified into one of ten types. 
The occurrence of the various types of material 
in the 80 samples was as follows; vegetable parts, 
97.5%; sand, 92.5%; coal dust, 82.5%; fibers, 
76.2%; rodent-like hairs, 53.7%; other hairs, 
67.5%; feather parts, 50.0%; insect parts, 38.7%; 
metal parts, 33.7%. Material npt classified in 
one of the above types was listed as unidentified. 

Rodent-like hairs occurred most frequently in 
the farm samples. Insect parts occurred least in 
cream station samples. Coal dust and fibers oc- 
curred least in farm samples. Hie importance 
of controlling airborne contamination of cream 
and cream cans is indicated. D. J. Hankinson 
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BOOK REVIEW 

141. Annual review of microbiology, VoL 11. 
Edited by C. £. Cufton. Annual Reviews, Inc., 
Stanford, Calif. 532 pp, $6.00. 1948. 

Microbiologists and those who are concerned 
with the relationships of microbiology to other 
fields will welcome the second volume of this 
series of publications. The eighteen reviews 
cover the wide range of topics which one has 
come to expect in the Annual Reviews series. The 
discussions are presented well, the citations to the 
literature are numerous and the volume is well- 
prepared and well-indexed. 

The reviews cover the following topics: Yeasts, 
Genetics of the Fungi, Bacterial Metabolism, the 
Metabolism of Malarial Parasites, Growth Factors 
for Microorganisms, Antibiotics, The Mode of 
Action of Chemotherapeutic Agents, Inheritance 
of Immunity in Animals, Complement, The Na- 
ture of Antibodies, Pathogenic Streptococci, the 
Spirochetes, The Ncurotropic Viruses, Bacteria as 
Plant Pathogens, Chemical Disinfectants, Micro- 
biology of Drinking Waters and Sewage, Micro- 
biology of Soil and Biological Nitrogen Fixation. 

F. E. Nelson 

ANIMAL DISEASES 

W. D. POITNDEN, SECTION EDITOR 

142. Vibrio foetus infection in cattle. A. S. 
Canham, Allcrton Laboratory, Pietermarityburg, 
South Africa. J. S. African Vet. Med. Assoc., 19, 
3; 103. Sept,, 1948. 

Several case histories of Vibrio foetus infection 
in cattle are reported. The disease is not con- 
tagious, therefore does not appear to be as serious 
as contagious abortion. Cows aborted from 4 to 
7 mo. after pregnancy and in all cases retained 
placenta were observed. All cows were isolated 
until cleaned and treated with daily irrigation of 
saline. When the animals appeared normal they 
were bred. Normal pregnancies and births of 
living calves followed in all cases. The disease is 
widespread in South Africa. However, in no 
herds has there been a complete loss of a calf 
crop and few cows fail to recover and breed 
normally after their first abortion. 

K. M. Dunn 


143. The diagnosis of east coast fever in South 
Africa. A. M. Diesel and G. C. Van Drim- 
MELEN. Institute of Onderstepoort, Pretoria, 
South Africa. J. S. African Vet, Med. Assoc., 19, 
3 : 81. Sept., 1948. 

A review of the disease, covering its history 
and methods of diagnosis, is presented. The 
authors point out the similarity of this disease to 
those caused by protozoal diseases such as T. 
parva and anaplasmosis. The present methods of 
diagnosis are based on both epizootological and 
protozoological studies. Detection of the para- 
sites is a difficult job and requires well-trained 
personnel both in collecting samples and for 
microscopic examinations. K. M. Dunn 

144. Treponema theileri of a donkey and its 
transmission to a calf. V. R. Kaschula, Pieter- 
marityburg, South Africa. J. S. African Vet. 
Med. Assoc., 19, 3: 100. Sept., 1948, 

A successful attempt to transmit Treponema 
theileri from the donkey to a calf by blood trans- 
fusion is reported. It required 18 d. for the calf 
to show fever and for T, theileri to appear in the 
blood as detected from smears. No rough or 
scaly skin was observed in the calf. 

K. M. Dunn 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

145. Das physikalische Bild der Butter. (The 
physical aspect of butter). English summary. 
N. King and W. Fritz. Die Milchwissenschaft 
3,3 : 75-82. 1948. 

The continuous phase in butter consists of free, 
non-spherical fat. The free fat is made up of 
(a) mechanically broken fat globules and (b) 
butter oil formed in low-cooled cream. In cool- 
ing cream, the crystallizing fat migrates to the 
outer part of the fat globule, forming a solid 
circle which on prolonged cooling exerts pressure 
upon the inner liquid portion resulting in rupture 
of the globule and the liberation of the butter oil. 
The butter oil then forms crescent-shaped layers 
around the solid fat portion. 

The % free fat is highest in machine butter 
(62%) and consists chiefly of broken fat globules. 
In chum butter the free fat amounts to 48% and 
A-31 
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is made up of broken fat globules and batter oil. 
In Alfa butter the free fat (12%) consists mostly 
of butter oil. The % free fat in butter is reduced 
by (a) low churning temperature and (b) use of 
laige chums. The consistency of butter is de« 
termined by (a) composkion of free fat and (b) 
^e and ntimber of fat crystals. High butter oil 
and few small crystals result in sticky butter, 
whereas low butter oil and many large crystals 
result in cmmbly butter. Deep cooling of winter 
cream prevents crumbliness, whereas in summer 
cream it may result in sticky butter. “Oily” 
butter results from churning low-cooled high-fat 
cream. I. Peters 

146. Das physikaliscfae Btld der Butter. (The 
physical aspect of batter). N. Kino and W. 
Farrz. Die Milchwisscnschaft, 3, 4:102-107. 
April, 1948. 

Whereas the free fat phase plays an important 
role in the consistency of the butter, the aqueous 
phase determines primarily the initial and keeping 
quality of the butter, with some possible influence 
upon its consistency. The buttermilk droplets 
with a diam. below 15 {i constitute the major part 
of the moisture in butter, with the droplets of 
added water, 100 to 1,200 ^ in diam., making up 
the rest. The washing of butter granules neither 
dilutes the buttermilk droplets nor decreases their 
size. The average size of the water droplets 
decreases in the following order of manufacturing 
procedures: butterworker — > machine butter 
Alfa butter. The size of the water droplets de- 
creases in machine butter witli (a) increasing 
output per hr. (79 to 470 kg. per hr.) and (b) 
lowering of churning temperature (11.5 to 5.8® 
C.) The finer distribution of water droplets 
improves the texture and assures greater keeping 
quality of the finished butter. I. P^ers 

147. Batter cutter. £. A. Anderson. U. S. 
Patent 2,454,421. 4 claims. Nov. 23, 1948. 
Official Gaz. U. S. Pat. Office, 616, 4: 1016. 
1948. 

Butter is cut into prints by wire frames which 
are forced down and across through the block 
as it is supported on a platform. R. Whitaker 

Also see abs. no. 155, 160, 162. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

148. CotBfiaruoiis of the resazoria test widi 
ftter tests for the quality of milk. J. G. Boyd 
AND H. C. Hansen, Univ. of Idaho, Moscow. 
Milk Dealer, S8» 1 : 200-208. Oct., 1948. 

Th«;iijhiults of a <^mparison, on the same milk 


samples, of freshly-made solurions of methylene 
blue and resazurin with those 2, 3, 4 and 5 d. old 
do not indicate any changes in the solutions that 
would affect the grading of milk. A comparison 
of the liquid resazurin with the dry resazurin 
showed a correlation of almost 100%. Of 144 
samples graded A by the resazurin test, 79% had 
a standard plate count (SPG) of < 100,000/ml. 
and of 236 samples graded A by the methylene 
blue, 71% had a SPG of < 100,000/ml.; 2.7% 
of those graded A by the resazurin test and 3.7% 
by the methylene blue had SPC’s > 500,000/ml. 
Tbe resazurin test placed more samples having a 
SPG of < 100,000/ml. in B and G grades dian 
the methylene blue, and of the D grades the 
number of samples was insufficient, but the 
resazurin test had a tendency to place in D grade 
a few samples with SPC’s of < 100,000/ml. 

A comparison of the resazurin test and the 
direct microscopic count (DMG) on 408 samples 
showed that 65.2% of the 205 samples graded A 
by the 1-hr. resazurin test had a DMG of < 1 
million/ml. Also 6.3% had a DMG > 5 
million/ml. Of the samples graded D, 8% had 
a DMG of < 1 million/ml. The results of a 
comparison of the 1-hr. resazurin test with the 
5.5-hr. methylene blue test show that the 1-hr, 
resazurin test will place fewer samples in A grade 
and more samples in D grade than will the 
methylene blue test. A comparison of the 1-hr. 
resazurin test and the alcohol test showed no 
correlation. A comparison of the 1-hr. resazurin 
test to titratable acidity showed that the samples 
placed in D grade by the resazurin test had 
titratable acidities varying from 0.16 to 0.26%, 
but no sample placed in A grade had a titratable 
acidity > 0.2%. A comparison of the 1-hr. 
resazurin test with the sediment test showed 
14.3% of the samples graded no. 4 by sediment 
and 58.5% graded D by the resazurin test. 

C. J. Babcock 

149. Die Verwendung der Mikhzuckcr-Fuchsm- 
Papier-Platte htr den Nachweis von BaeU Coli 
und die Bedeotung des Coliquotienten in der 
Milch. (Hie use of lactose fuchsin-paper didi 
evidence of Bact, coli and the significance of 
the coU quotient in milk.) English summary.. G. 
Mf/LLER. Die Milchwisscnschaft, 3, 3: 82-83. 
1948. 

The use of membrane filters in removing 
bacteria from water supplies and the successful 
growth of these organisms by placing the mem- 
brane upon an endo agar medium induced the 
author to adapt this method lor the examination 
of milk. The agar medium was replaced by a 
paper jdisk saturated with a suitable nutrient, such 
as lactsose-fuchsin; diis resulted in a considerable 
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saving of medium. Typical coliform colonies, 2- 
4 mm. in diam., were obtained after 20 hr. incu- 
bation at 37^ G. The method also could be used 
to obtain total counts in milk. The ratio of coli- 
form count to total count (coliform h- total count 
X 100) was expressed as the coliform quotient 
and should not exceed 0.02% in grade A milk. 
Samples of pasteurized milk examined showed 
quotients up to 10%, indicating recontamination 
of milk or prolonged storage at improper tem- 
peratures. 1. Peters 

150. Control of tfaermoduric bacteria in milk. 
Ann. Rpt. N. Y. State Assoc. Milk Sanit., 21: 
53-70. 1948. 

From the standpoint of the health department. 
P. Corash, N. Y. City Dept. Health. Pp. 53-56. 
The thcrmoduric bacteria problems developed 
with the adoption of tryptone-glucose-milk agar 
for plating, as these bacteria grow on this medium. 
Although thermoduric bacteria arc found in the 
cow’s udder, it is doubtful if this source is very 
important. Thermoduric bacteria arc not patho- 
genic but good sanitation requires that their num- 
bers be low. Our research has shown no growth 
of thermodurics in holding tanks under proper 
refrigeration, but homogenization gave increased 
counts from 3.5 to 34% in one series of tests and 
an average increase of 64% in another scries of 
experiments. Raw milk must be pasteurized down 
to 20,000 per ml. to be acceptable. 

From the standpoint r>f the plant laboratory. 
P. E. Carney, Sheffield Farms, Inc., New York, 
N. Y. Pp. 57-58, Stress was given to the correct 
sampling procedure for milk for bacterial counts. 
With the increased use of high temperature pas- 
teurization in plants, the same method might be 
used in the laboratory. The oval tube method 
of determining thermoduric bacteria was recom- 
mended to save time, agar, incubator space, and 
glassware. 

From the standpoint of the dairy serviceman. 
D. T. Baker, Dairymen’s League Coop. Assoc., 
Poughkeepsie, N. Y. Pp. 59-61. In looking for 
the source of high thermoduric counts, the milk 
cans should be given 6rst attention. Possible 
causes on the farm are (a) dust contamination, 
(b) dirty cows, (c) 61th and moisture in air lines, 
(d) casein in milking utensils, (e) cracked or 
porous rubbers, (f) cracks, rust, or dents in metal 
parts and (g) milk cooler not properly function- 
ing. Suggestions were offered for correction of 
faulty conditions on the farm. 

From the standpoint of the rhilking machine 
manufacturer. L. £, Bober, Babson Bros. Co., 
Chicago, 111. Pp. 61-66. Unfortunately for the 
solution of the thermoduric problem, there has 
never been close agreement widiin the industry 
and the colleges as to what constitutes good milk 


machine sanitation. In our survey of 1944-1945 
involving 46 farms, 8 of the 10 farms with the 
highest quality rating scrubbed every part of their 
milkers at least once a day; of 120 milk samples 
taken only 2 had thermoduric counts over 15,000 
per ml. The other group of 36 farms Rush- 
washed their milkers. Out of 120 samples of their 
milk, 69 gave thermoduric counts over 30,000 per 
ml. It should be apparent that machines should 
be scrubbed clean. 

From the standpoint of the milking machine 
manufacturer. G. H. Hopson, DeLaval Separator 
Co., New York, N. Y., Pp. 67-70. The person- 
nel caring ror the milking machines is extremely 
important in obtaining clean machines. Some 
dairymen always desire and try to keep equipment 
and product clean, some will cooperate when told 
and shown, but others are chronic offenders. It 
would appear that an incentive to produce clean 
milk based upon premium for quality would be 
very helpful. A. C. Dahlberg 

151. Thermoduric microflora of dairy utensils. 
S. B. Thomas, E. Jones-Evans, L. B. Jones 
AND B. F. Thomas, Univ. College of Wales, 
Aberystwyth. Proc. Soc. Applied Bact., 1946, 1 : 
51-53. 1946. 

Farm milking utensils were examined by a 
rinse technic after sterilization by various methods. 
In order of bactericidal effectiveness, steam was 
best, followed by hypochlorite treatment, while 
washing with warm water was the poorest. Lab- 
oratory pasteurization of the rinses showed that 
the micro bacteria, micrococci, and spore-forming 
rods were the predominant types found after 
steam and hypochlorite treatments. Bacteria in 
pasteurized rinses from utensils washed with warm 
water were 98% microbacteria. Scrapings of 
milk-stone from certain utensils showed the pres- 
ence of micrococci, microbacteria, sporc-formmg 
rods and streptococci in much smaller numbers. 

M. L. Speck 

152. Further studies of thermoduric bacteria in 
milk. D. A. McKenzie, M. Morrison and J. 
Lambert. Dept, of Agr., Univ. of Leeds. Proc. 
Soc. Applied Bact., 1946, 1: 37-39. 1946. 

This study was to determine the types of ther- 
moduric bacteria present in farm milk cans, which 
were found to be a very important source of .such 
bacteria in raw milk. Counts were made on lab- 
oratory-pa.stcurized can rinses and plates were in- 
cubated at 30° C. The types found to be present 
in a total of 654 statistically picked colonies were: 
microbacteria, 73.1%; micrococci, 10.2%; strepto- 
cocci, 2.7%; miscellaneous (gram-negative and 
fflamentous rods), 13.9%. M. L. Speck 
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153. Heat reiistaat liacteria In farm water mp- 
plies. S. B. Thomas and M. Roberts, Univ. 
CSoilege of Wales, Aberystwyth. Proc. Soc. Ap- 
pUed Bact., 1946, 1: 44-46. 1946. 

A series of 116 farm water supplies was ex- 
amined for thermoduric and thermophilic bac- 
teria. Thermoduric counts exceeding 100 per ml. 
were found in 21% of the samples and none was 
free of these bacteria. Qassification of 342 
thermoduric colonies selected at random showed 
the presence of the following: bacilli, 74%; micro- 
cocci, 9.1%; actinomycetes, 8.2%; gram-negative 
rpds, 3.8%; yeasts, 2.6%, microbacteria, 2.0% and 
streptococci, 0.3%. Thermophiles were presoit 
in 21% of the samples, but only 2.3% contained 
more than 10 per ml. M. L. Speck 

154. Psychroplnlic bacteria in raw and com- 
mercially pasteurized milk. S. B. Thomas and 
C. V. Chandra Sekar, Univ. College of Wales, 
Aberystwyth. Proc. Soc. Applied Bact., 1946, 1: 
47-50. 1946. 

Incubation at 3-5® C. required 21 d. to give 
maximum counts of p.sychiophiles on yeastrel 
agar. Raw milk and pasteurized milk both con- 
tained psychrophiles, although raw milk labora- 
tory pasteurized at 63® C. for 30 min. showed no 
survival of these bacteria. Also, none of the pure 
cultures isolated from raw milk survived this 
pasteurization. Of 203 psychrophiles isolated 
from raw and pasteurized milk, 98% were gram- 
negative rods and the remainder were yellow 
micrococci. M. L. Speck 

155. Studies on starters. V. Effect of patho- 
logical or physiologically abnormal milk on add 
production by lactic add streptococd. £. B. 
Rice. Dairy Division, Dept, of Agr. and Stock, 
Brisbane, Queensland. Dairy Ind, 8, 10: 1^83. 
Oct,, 1948. 

The effect of mastitic milk on acid production 
lactic acid streptococci differed to quite an 
appreciable extent in different experiments. More 
frequently acid formation appeared to be de- 
pressed, but in some samples acid developed to the 
same extent in the normal and in the mastitic milk. 
Even in the milk after pasteurization sbwer 
growth occurred in some samples, showing that 
the milk itself, and not the growth of the or- 
ganisms which are heat labile, was responsible. 

Devdopment of the lactic streptococci in late 
lACtation milk was appreciably slower than in 
horn cows in full lactation. This is at- 
.^jbuted in seme measure to the high leucocyte 
content of late lactation milk. 

Qdostrum itself and milk to which it is added 
At the sttte of t0% or more promotes the acid 
lorndtig capacity ol starter streptococci when m- 


cubated at a constant temperature^ This proba- 
bly is associated with the high buffer value of 
colostrum. G. H. Watrous 

156. The lactic addo-proteoiytic bacteria and 
the genotypidty of the bacterial enzymes. Con- 
stantino Gqrini. Enzymologia, 12, 2: 82*>87. 
April, 1947. 

The characteristics of acido-proteolytic bac- 
teria and especially the variations in their enzyme 
systems are reviewed. The possibility that enzyme 
variation patterns may aid in the classification of 
these organisms is advanced. F. £. Nelson 

157. The activity of certain cationic germicides. 
G. J. Hucker, R. F. Brooks, Dorothbae Met- 
calf AND Wm. Van Eseltine. N. Y. Agr. Expt. 
Sta., Geneva. Food Tech., 1, 3: 321-344. July, 
1947. 

The germicidal action of 13 compounds was 
investigated against Escherichia coli, capsulated 
and non-capsulated strains of Aerohacter aero- 
genes, Micrococcus aureus, Streptococcus ere- 
moris. Bacillus subtilis and three spore-forming 
fiat sour organisms. One ml. of the germicide 
solution of 10 X the final concentration desired was 
added to 9 ml. of broth containing approximately 
500 million organisms per ml., then the time re- 
quired for complete killing was determined. A 
wide variation existed in the relative germicidal 
efficiency of the cationic germicides studied. The 
individual organisms showed considerable vari- 
ation in resistance to the cationics. In general, 
E, coli was more resistant than A, aerogenes, 
while the ' non-capsulated strain of A. aerogenes 
usually was much less resistant than the capsulated 
strain of this organism. The cationic germicides 
were effective in killing bacterial spores, but a 
much greater concentration was required than 
for killing vegetative cells. The detergents studied 
showed no corrosive action on the metals com- 
monly used in foods and dairy processing plants. 

£. R. Garrison 

158. A study of the gennicidal vidue of glycols, 
glycol benzoates and related compounds. H. C. 
Heim and C. F. Poe, Univ. of Colorado, Boulder. 
Food Tech.,. 2, 1: 23. Jan., 1948. 

Ethylene glycol, diethylene glycol, propylene 
glycol and trimethyiene glycol gave phenol co- 
e^ients that varied from 0.0 to 0.021, while the 
six benzoic acids studied showed phenol coeffi- 
cients that ranged from 0.0 to 7.8 when tested 
against Staphylococcus aureus {Micrococcus pyo^ 
genes var. aureus) and EbertheUa tyhpi {Sdmm* 
eUa typkosa). The bactericidal actioa ol '46 
doivarivea of benzoic acids towards Mschetichia 
eoU and Aerobacte^ aerogenes was atudMf 
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Enough of each chemical was added to lactose 
broth to produce saturation, then a fermentation 
tube of the saturated broth was inoculated with 
the test organism. The tubes were incubated at 
37^ G. and examined for growth and gas pro- 
duction after 12, 24, 48 and 72 hr. Most of the 
compounds studied failed to show any marked 
bactericidal properties, but the benzoates and 
salicylates of methyl and ethyl alcohols were very 
good inhibitors. £. R. Garrison 

159« A technique for studying resistance of bac- 
terial spores to temperatures in the higher range. 
C. R. Stumbo, Food Machinery Corp., San Jose, 
Calif. Food Tech., 2, 3: 228-240. July, 1948. 

A heat exchanger (thermoresistomctcr) was 
designed and used to determine the thermal re- 
sistance of bacterial spores. The errors due to 
temperature lag largely were eliminated by 
rapidly heating the inoculated medium to process 
temperature and subsequently cooling rapidly to 
a non-lethal temperature. 

Approximately 0.01 ml. of food and 0.01 ml. 
of spore suspension were mixed together in a 
small tin cup, the sample cup was placed in an 
aluminum boat and both cup and boat were ex- 
posed in a stcam-hcatcd chamber for the time 
desired. At the end of the prescribed time, the 
chamber was automatically exhausted by means 
of an electric clock with two micro switches and 
the boat, cup and sample were drawn into a 
tube of culture medium^ The culture contain- 
ing the heated spores then was covered with a 
layer of sterile vaseline-paraffin mixture and in- 
cubated at a suitable temperature to determine 
sterility. The temperature of the heating cham- 
ber could be controlled to within 0.3® F. of the 
temperature desired and the heating time could 
be reproduced with an accuracy of ± 0.001 min- 
ute. 

The method was developed for accurately de- 
termining thermal resistance of bacterial spores 
to temperatures of 240 to 270® F. but it also 
is applicable for use at any temperature between 
215 and 270® F. A trained technician can proc- 
ess as many as 216 samples in an 8-hr. day by 
this procedure. £. R. Garrison 

Also see abs. no. 141. 

DAIRY ENGINEERING 

A. IV. FARRALL. SECTION EDITOR 

160. Apparatus for breaking and making emul- 
siotts. C. E. North and A. P. North. U. S. 
Patent 2,455,945. 9 claims. Dec. 14, 1948. 
Official Gaz. U. S. Pat. Office, 617, 2 : 433. 
1948. 

Cream can be converted into butter, and milk 


and cream can be reconstituted from milk fat 
and dry non-fat milk solids by passing through 
this equipment. Both processes are accom- 
plished continuously in castings in which speci- 
ally designed agitators rotate. Emulsions are 
broken by the use of dished disc-shaped blades, 
while emulsions are formed by the use of perfor- 
ated paddle-shaped agitators. R. Whitaker 

161. Cream separator and homogenizer. J. B. 

McFadden. (assigned to United Dairy Equip- 
ment Co.). U. S. Patent 2,453,924. 5 claims. 
Nov. 16, 1948. Official Gaz. U. S. Pat. Office, 
616, 3: 740. 1948. 

In a combination separator-homogenizer, 
whole milk is separated by centrifugal force into 
skim milk which is immediately discharged and 
cream which is homogenized by forcing it against 
vertical surfaces on overlapping rotating blades. 

R. Whitaker 

162. Centrifugal separator. H. O. Vogel (as- 
signed to International Harvester Co.). U. S. 
Patent 2,456,347. 9 claims. Dec. 14, 1948. 
Official Gaz. U. S. Pat. Office, 617, 2: 535. 
1948. 

A self-washing cream separator bowl is de- 
scribed. When it is desired to clean the bowl, 
the washing liquid is admitted to the bowl and 
directed through the disks by a distributor tube 
in such a manner that all surfaces are flushed 
by the cleaning fluid. The side walls of the 
bowl slope toward a series of outlets or ports 
through which the cleaning liquid escapes, carry- 
ing the milk and slime residues. The ports are 
open at reduced speeds and closed by means of 
valves which arc operated by the centrifugal 
force at normal bowl speeds. R. Whitaker 

163. Methods used by the dairy industry to im- 
prove sanitary control through equipment design. 
Dairy products and liquid foods. £. H. Parfitt, 
Sanitary Standards Subcommittee of the Dairy 
Industry Committee, Chicago, 111. Food Tech., 
2, 1: 39-44. Jan., 1948. 

The development of the dairy industry’s in- 
terest in equipment design is reviewed. The 
sanitary standards approved for equipment used 
in all branches of the dairy industry are now 
arrived at by the cooperative action of three 
committees appointed by the D^ry Industry 
Committee, the International Assoc, of Milk 
Sanitarians and the U. S. Public Health Service. 
These three agencies by joint action are en- 
deavoring to standardize the design of dairy 
equipment, thereby making parts uniform and 
interchangeable and increasing the ease with 
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which the equipment can be cleaned, drained 
and inspected. The work accomplished to date 
includes the development of sanitary standards 
for 37 fittings for milk pipes and sanitary stand- 
ards for milk storage tanks, milk pumps, weigh 
cans and drop tanks for raw milk and homo- 
genizers. The work in progress includes the de- 
velopment of standards for milk transportation, 
tanks, milk pails and strainers, milking machines, 
electric motors, can washers and heat ex- 
changers. £. R. Garrison 

164* 100% Freon plant Anonymous. Ice 
Cream Rev., 32, 6: 32, 67. Jan., 1949. 

The Euclid-Race Ice Cream Co. in Euclid, 
Ohio, is the first ice cream plant in the United 
States using Freon- 12 exclusively as the refriger- 
am. The plant is equipped with two 50 h.p. and 
two 30 h.p. compressors. These supply refrig- 
eration for the operation of two ISO-gal-Zhr. con- 
tinuous freezers, a 24-mold brine tank rated at 
176 doz. novelties per hr., two 500-gal. mix stor- 
age vats, a sweet water cooler, a hardening room 
noaintained at - 20® F. with a capacity of 55,000 
gal. of ice cream and a refrigerated storage room 
for the storage of flavors and raw materials. 

Advantages claimed for the use of Frcon-l2 
over ammonia include: (a) greater safety, (b) 
saving in the amount of space required for the 
compressors, (c) power economy, (d) mainte- 
nance economy through the use of compact 
equipment and non-corrosive copper lines and 
(e) water economy. W. J. Caulfield 

165. Heating rates of food in glass and other 
containers. D. G. Merrill. Hartford-Empire 
Co., Hartford, Conn. Ind. Eng. Chem., 40, 12: 
2263-2269. Dec., 1948. 

An empirical formula of general applicition 
is given for the approximate heating rate of 
cylinders. Data from confirming experiments 
are given. Constants arc derived for application 
to the heating of food in glass containers so that 
the established methods for computing steriliza- 
tion process time in tin may be extended to 
glass. B. H. Webb 

166. Use and care of water softenen. Eskel 
Nordell, The Permutit Co., New York, N. Y. 
Ann. Rpt. N. Y. State Assoc. Milk Sanit. 21: 
111-121. 1948. 

Hie hardness of dairy supply water is very 
objectionable because it tends to form scale and 
sludge when heated or concentrated, or upon 
ai^tiott of alkaline washing compounds. Scale 
la tussig^y imd difficult to sterilize. Insoluble 
water by 


change’* method. Calcium magnesium, and 
ferrous iron are removed and replaced by sodium 
ions. After the zeolite has removed the maxi- 
mum capacity of hardness, it is necessary to auto- 
matically or manually regenerate the system by 
backwashing, salting and rinsing. 

A. C. Dahlberg 

Also see abs. no. 173, 181, 182. 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

167. The future of milk consumption. L. 
Spencer, Cornell Univ. Milk Dealer, 38, 2: 
50-62, 86-87. Nov., 1948. 

The outlook for milk consumption generally 
is favorable. The two factors that will have 
most infiuence upon future trends of milk con- 
sumption are changes in population and fluctua- 
tions in consumer incomes. The long-time trend 
appears to be in the direction of fewer children 
and more old people, so there is need for more 
emphasis on the value of milk in the diets of 
adults, especially those past middle age. Dur- 
ing the past few years consumer incomes and 
purchasing power have been greater than ever 
before. Tfais is the main reason for the unpre- 
cedented rate of milk consumption per capita. 
The foreign-aid program and large military ex- 
penditures are expected to take up any slack in 
business activity that might otherwise appear 
during the next year or t\yo. Business forecasts 
beyond that point are extremely hazardous, but 
there is good reason to believe that any major 
depression such as was experienced in the early 
1930*s would be prevented by government ac- 
tions of various kinds. Loss of purchasing power 
by substantial numbers of people whose incomes 
fail to rbe with the cost of living will have a 
depressing effect upon milk sales if inflation 
continues. 

Other important but minor factors in the out- 
look for milk consumption are retail prices of 
milk, the maintenance of satisfactory service and 
quality, consumer acceptance of milk as a food 
and the consumer’s attitude toward the milk 
industry. Much more effort should be made to 
inform consumers about prices, costs and profits 
in the industry as wc;ll as about the food value 
of milk. C. J. Babcock 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

168. Cuotene meiilsoii in alfalfa meal. Effect 
of biamirffig, iiacimgingy and storage teiiipera>- 
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ture. W. IL Nelson, J. K. Loosu, G. Loforeen 
AND N. Yager. Ind. Eng. Ghem., 40, 11: 2196- 
2198. Nov., 1948. 

The blanching of alfalfa before dehydration 
resulted in the retention of appreciably more 
carotene in the dried meal. Samples so treated 
contained an average of 164 p of carotene per g. 
of dry alfalfa meal as compared with 43 p for 
similar samples of unblanched alfalfa. Blanch- 
ing pretreatments had no influence on the re- 
tention of carotene during storage. The use of 
moisture vapor>proof laminated foil bags was 
less effective in preserving carotene either at 
room temperature or at 40° F. than were cloth 
or paper bags. The addition of calcium oxide 
to maintain low moisture in the samples ap- 
peared detrimental to carotene retention. Al- 
falfa meals stored at 40° F. in cloth or paper 
bags showed a marked rise in moisture content 
during storage periods up to 6 mo. 

' B. H. Webb 

Also see abs. no. 170. 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

169. Experience with pen stables. F. W. 
Graves, N. Y. Dept, of Health, Albany. Ann. Rpt. 
N. Y. State Assoc. Milk Sanit., 21: 29-34. 1948. 

Most dairymen with pen stables are pleased 
with them. I'he cows remain cleaner and have 
less udder trouble, fewer leg and shoulder in- 
juries, and fewer rheumatic ailments. Cows in 
heat are observed more easily. There is a sav- 
ing in labor for cleaning barns and in feeding. 

Unfavorable experiences include too little 
bedding, resulting in unclean animals. There 
ought to be at least 10 ft. of head room and at 
least 70 ft.* of floor space for a Jersey and small 
Guernsey cow, 80-90 ft.* for a medium-sized cow 
and 100 ft.* for a large Holstein, Brown Swiss or 
Shorthorn cow. It sometimes is difficult to re- 
move enough posts in remodeled barns to permit 
the use of tractors and power forks. Cows with 
horns cannot be' stabled safely in pen barns. The 
pen barns do not display individual cows to ad- 
vantage. 

Today there are 20 pen stable barns in opera- 
tion in N. Y, State and more have been ap- 
proved. The quality of the milk has not been 
affected by pen stabling, but the number of tests 
is too small for a final conclusion. 

A. C. Dahlberg 

170. Calf feeder. C. I. Youno. U. S. Patent 

2,455,848. 3 claims. Dec. 7, 1948. Official 

Gaz. U. S. Pat. Office, 617, 1: 246. 1948. 


A bottle with a nipple is .supported in a cage 
which is hinged on the wall to facilitate removal. 

R. Whitaker 

171. Overhead support for milkers. H. B: 

Babson (assigned to Babson Bros.). U. S. 
Patent 2,454,300. 11 claims. Nov. 23, 1948. 

Official Gaz. U. S. Pat. Office, 616, 4: 986. 
1948. 

A stall with an overhead framework designed 
to support a mechanical milker in position be- 
neath the cow is described. R. Whitaker 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

172. Liquid sugar in food products. W. R. 
Junk, O. M. Nelson and M. H. Sherrill. 
Calif, and Hawaiian Sugar Refining Corp., Ltd., 
San Francisco, Calif. Food Tech., 1, 4: 506-548. 
Oct., 1947. 

Some of the more useful published data in 
the literature together with some original un- 
published material of the authors on invert sugar 
are presented in this paper . Tables and graphs 
showing weights per gal., refractive indices, vis- 
cosities, boiling points, freezing points and other 
information about sugar solutions are given. To 
obtain a minimum of color in the finished syrup, 
the sugar solution should be inverted at the lowest 
practical temperature and neutralization of the 
acid in the inverted syrup should be delayed as 
long as possible before cooling is completed. 

£. R. Garrison 

173. Mix cooling— a problem in small produc- 
tion units. R. Humpjiriss, A.R.I.C. Dairy 
Ind., 8, 10: 1021-1022. Oct., 1948. 

The Ice Cream Regulations (England), 1947, 
regarding heat treatment, etc., require that all 
ice cream mix be cooled to 45° F. or lower 
within 1.5 hr. after pasteurization and held there 
or below until frozen. Suggestions for mechan- 
ical cooling are given, especially for the small 
manufacturer. Documentary evidence that cool- 
ing apparatus is in order constitutes a successful 
defense against accusations that the Heat Treat- 
ment Regulations are not being complied with 
until May, 1949. This reflects the difficulty in 
England of securing dairy equipment. 

G. H. Watrous 

174. Selling ice cream through vending ma- 
chines. Citron Burnett, Ice Cream Review. 
Ice Cream Rev., 32, 6: 34, 66. Jan., 1949. 

Factories may prove to be one of the most 
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important outlets for ice cream cups and bars 
sold through vending machines. In one group 
of Milwaukee, Wis., plants, ice cream vending 
machines have increased sales and have resulted 
in less interruption in work schedules than when 
ice cream was sold by vendors passing through 
the plants. At these plants 25 vending ma- 
chines for 10^ chocolate-coated bars are in cur- 
rent operation with 50 more machines to be 
installed this spring. The installation of one 
machine for each 200 persons is considered 
profitable. Daily sales per unit have ranged 
from |12 to $20. When the number of units is 
increased to 75 it is estimated that the total 
sales will average approximately $1,500 per day. 

Electric current consumption for the ice cream 
vending machine was lower than for soft drink 
vending machines, because the ice cream has 
been hardened before it is placed in the machine. 
Electric current for the operation of the ma- 
chines is furnished by the industrial plants. One 
cent from each ice cream bar sold goes into an 
employee fund and the remaining receipts arc 
retained by the company which operates and 
services the vending machines. 

W. J. Caulfield 

175. Packaged sundae. F. T. Mosher. U. S. 

Patent 2,435,094. 1 claim. Jan. 27, 1948. 

Official Gaz. U, S. Pat. Office, 606, 4: 627. 
1948. 

Ice cream from the freezer is placed In a small 
carton, covered with a layer of fruit or other 
flavor^ heavy syrup and closed. The packaged 
sundae then is hardened while inverted. 

R. Whitaker 

176. Ice cream scoop. J. J. Deutsch and J. 
Vigilante. IT. S. Patent 2,454,735. 7 claims. 
Nov. 23, 1948. Official Gaz. U. S. Pat. Office, 
616,4: 1094. 

A wiper, pivotally mounted in a hemispheri- 
cally-shaped bowl, is made to rotate by rotating 
a sleeve on the handle of the dipper. 

R. Whitaker 

Also sec abs. no. 164. 

MILK 

P. H, TRACV, SECTION EDITOR 

177. Recent amendments to the U. S« PubUc 
Healdi Service milk code. A. W. Fuchs, U. S. 
Publ. Health Service, Washington, D. C. Ann. 
Rpt. N. Y. State Assoc. Milk Sanit., 21: 135-150. 
1948. 

Durh^ the war the 1939 edition of Pui^k 
Hqdfh 220 remained in efiect and a special 
was appointed in 1947 for the pur- 
pose of Temon. Prpvinons of the satdtary code 


were made enforceable by degrading and by 
court suspension. Considerabile material that 
was not actually public health was removed from 
the text and placed in the appendix. Several 
changes were made in computing sanitary .rat- 
ings. The code provides for emergency sale of 
ungraded milk, labelling of Vitamin D milk, 
and bacterial and temperature standards. Sev- 
eral changes have been made in bacterial stand- 
ards, including a maximum coliform count of 
10 per ml. on pasteurized milk. 

AH revisions were published in a tentative re- 
port in 1947 and the final code will be published 
in 1948. A. C. Dahlberg 

178. Let’s sell more fat-free milk. W.L. Foust, 
Warren Sanitary Milk Co., Warren, Ohio. Milk 
Dealer, 38, 1: 44, 80. Oct., 1948. 

A description is given of Vitolac, a low-fat 
milk prepared by concentrating skim milk under 
high vacuum and low temperature until the total 
solids are roughly 12.5%. After standardizing 
to 1.5% B.F., 2,000 units of vitamin A and 400 
units of vitamin D are added. The product 
tastes richer and slightly sweeter than regular 
milk. A table is presented which shows the 
comparative nutritional values of milk and Vito- 
lac. C. J. Babcock 

179. The influence of conditions of cold storage 

prior to distribution on the keeping quality of 
pasteurized milk. G. M. Philups, Univ. Col- 
lege of Wales, Aberystwyth. Proc. Soc, Applied 
Bact., 1946, 1: 40-42. 19'46. 

Duplicate samples of milk were taken from 
the filler, subjected to the 0.5-hr. methylene blue 
and keeping-quality tests. Then one sample was 
stored in a laboratory refrigerator at 36^3® F. 
and the other in a cold storage room in which 
the temperature rose to 50-60® F. on the after- 
noon of bottling but was 39-43® F. on the fol- 
lowing morning. After 24 hr. storage the same 
2 tests again were performed. Those stored in 
the laboratory refrigerator all were satisfactory 
by the methylene blue test and only 2.3% had 
a keeping quality less than 48 hr. Of those 
stored in the cold storage room, 30% reduced 
methylene blue in less than 0.5 hr. and 57% had 
a keeping ,quality of less than 48 hr. A similar 
deterioration of quality was observed when the 
milk was cooled to only 44-i50® F. before bot- 
tUng, although subsequent storage was at 36-43® 
F. M. L. Speck 

180. Visual conditions on die farm as an iadi* 
cadim of the keepmg quality of mitt:. D. A 
McKenzie and D. A Bowie. Dept of Agr., 
Univ. of Lec^. Ptoc* Soc. Applied Bact, ms, 
1: 35-96. 1946; 

,A study wo« made of the bacteria preaeiii|t,% 
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milk and on the equipment of farms having ade- 
quate and inadequate facilities for the normal 
production of high quality milk. The “poor 
type*’ farms selected for study consistently pro- 
duced good milk, and the “good type” farms 
consistently produced poor milk, as judged by 
the resazurin reduction tests and keeping quality 
tests. Milk and swabbings of equipment from 
the “poor type” farms showed a predominance 
of micrococci and gram-negative, alkali-produc- 
ing rods which had little effect on the tests used. 
Similar samples from the “good type” farms 
showed a predominance of streptococci and 
gram-negative, acid-producing rods which have 
marked influence on the tests used. These dif- 
ferences were believed to be caused by the 
greater opportunity for contamination offered 
on the “good type” farms by the more elaborate 
equipment used. M. L. Speck 

181. Types of farm milk coolers. R. C. Ship- 
man, United Coop. Lab., Ithaca, N. Y. Ann. 
Rpt. N. Y. State Assoc. Milk Sanit., 21: 165-183. 
1948. 

This discussion applies to cooling milk in cans. 
This method is most generally used on small 
and average-sized dairy farms. Thermocouples 
were placed at various positions in the milk and 
in the water in the cooling tank. Cooling was 
relatively slow in milk placed in unagitated 
water, especially the top milk in the can if the 
cooler were only partially filled. Agitation of 
the water for an hour gave prompt cooling be- 
low 50° F., providing the water level was suf- 
ficiently high. A. C. Dahlbcrg 

182. Spray cooling apparatus for milk cans. D. 
Donnelt.y (assigned to Universal Milking Ma- 
chine Co.). U. S. Patent 2,455,162. 15 claims. 
Nov. 30, 1948. Official Gaz. U. S. Pat. Office, 
616, 5: 1354. 1948. 

Freshly-drawn milk in cans is cooled by plac- 
ing the cans in an insulated tank containing 
water cooled by submerged expansion coils. A 
pump circulates the water to ‘a pan which de- 
livers it to the neck portions of the milk cans. 

R, Whitaker 

Abo see abs. no. 148, 149, 150, 152, 153, 154, 
161, 167, 182, 187. 

MILK SECRETION 

V. R. SMITH. SECTION EDITOR 

183. Stndieii iilier den Mechanismus der Mi^- 

bUdong. (Studies oonceming the mechanism 
of secretfon.) English summary. W. 

Fam. Die Milchwissenschaft, 5, 3 : 65-75; 3, 4: 
97-102. 1948. 

Alter obtaining e'^ddence against the 2-phase 


milk secretion theory, the author investigated 
the 1 -phase theory and was able to determine 
the rate of milk secretion in a lactating animal. 
Milk cows during their 2nd to 3rd month of 
lactation showed the highest rate of milk secre- 
tion per hr. during the 4th hr. from time of 
previous milking, whereas cows during their 7th 
to 10th mo. showed the highest rate during the 
7th hr. Assuming the maximum milk-holding 
capacity of the secretory glands and the maxi- 
mum pressure exerted upon the glands to be 
constants, the secretory glands held 42% of tHe 
milk obtained in one milking. 

The rate of milk secretion per lactation period 
with 2 or 3 milkings daily when plotted on a 
graph follows the curve of a quarter ellipse. 
Immediately after each milking the rate of secre- 
tion starts from zero, no matter what the rate 
was at the onset of milking. Total milk yield 
per lactation period was highest with 4 milkings 
daily, as compared with 2, 3 or 5 milkings, pro- 
vided that the animal is healthy, milk secretion 
is not disturbed, abundant feed is available and 
a normal lactation period of 300 d. is practiced. 
Evidence was obtained that 4 hr. is the minimum 
filling time of the secretory glands. Milking 
only twice daily reduces total milk yield per 
lactation period by 30 and 34% as compared 
with 3 and 4 daily milkings, respectively. For 
optimum milk yield per lactation period, 4 milk- 
ings daily should be practiced for the first 5 mo., 
followed by 3 milkings for the next 4.1 mo., and 
reduced to 2 milkings from then on unless the 
lactation period is to terminate in 10 mo., in 
which case only 1 milking daily should be car- 
ried out for the last 27 d. 

A decrease in feed consumed by an animal 
results in a directly proportional decrease in milk 
yield H the cow is milked 3 times daily; at 4 
milkings daily the decrease in milk is more pro- 
nounced and at 2 milkings less pronounced than 
at 3 daily milkings, indicating in the last case 
that substances arc withdrawn from the animal 
body which may weaken the latter and impair 
its health. 

The article presents (a) derivations of formu- 
las for calculating rate of milk secretion at dif- 
ferent stages of lactation, (b) milk yield vari- 
ation with frequency of milking, (c) effect of 
subnormal feeding and of irregular milking in- 
tervals upon milk yield. I. Peters 

NUTRITIVE VALUE OF DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

184. Milk in Iranian nutrition. C. P. Segard. 
Wbeonsin Alumni Research Foundation. Milk 
Dealer, 38, 3; 114-118. Dec., 1948. 

The four great discoveries in the field of hu- 
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man health within the past eentuiy are: (a) 
discovery of anesthetics, (b) discovery df anti- 
septics, (c) cause and control of epidemics and 
(d) the vital importance of nutrition in the pre- 
vention of disease. 

Milk contains the four basic groups of nu- 
tritionally important substances, namely carbo- 
hydrates, proteins, fats and minerals and vita- 
mins. The most important mineral element 
needed by the human body is calcium. The 
growing child needs fully one-fourth of a tea- 
spoonful of calcium daily, and the adult about 
one-third less. Milk is the only food taken in 
average serving quantities that can supply this 
amount. Iodine, copper, iron, manganese, mag- 
nesium and others also are needed and are pres- 
ent in milk. Milk sugar or lactose, which ac- 
counts for about 30% of the energy value of 
milk, is in readily assimilable form. As each 
new vitamin has been discovered, its presence 
in milk has been shown. The cream, or milk 
fat, is not only an important energy food but it 
is the only fat, with the exception of fish oils, 
that contains four vitamins. Milk may be forti- 
fied with vitamins, and the product most re- 
cently introduced is fat-free milk fortified with 
vitamins A and D. G. J. Babcock 

Also see abs. no. 178. 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

185. Detergents for dairy plants and methods of 
their evaluation. H. G. Harding and H. A. 
Treblbr. Natl. Dairy Research Labs., Inc., Bal- 
timore, Md. Food Tech., 1, 3; 478-493, July, 
1947. 

The important requirements of a good dairy 
cleandr are enumerated and the general charac- 
teristics of several washing compounds are dis- 
cussed. Alkaline detergent mixtures for dairy 
plants should contain sufficient polyphosphate 
to prevent precipitation of the calcium, mag- 
nesium and iron salts from the water and milk 
residues, sufficient wetting agent to promote con- 
tact between the soil on the equipment and the 
yrsah solution and sufficient aklalinity to dissolve 
denatured protein residue. The most desirable 
composition of the dairy cleanser will vary with 
a number of factors, particularly with the type 
and amount of soil to be removed from the 
equipment and with the cost of the different 
chemicals. A method is given for calculating 
composition of detergents for specific uses. 
Graphs showing the influence of hardness (from 
sdB tmd water) on the composition and cost of 
lecdftti^anded cleaning solutions are given. 


Tests for pH, alkalinity, surface tenrion and 
turbidity-preventing power under simulated 
plant conditions are recommended to indicate 
performance quality of detergents. 

£. R. Garrison 

186. Modified ttoa-iomc syntlietic detergents and 
quaternary ammonium componnds as cleaner 
sanitixers in food and dairy operations. G. J. 
Hucker, N. Y. Agr. Expt. Sta., Geneva. Ann. 
Rpt. N. Y. State Assoc. Milk l^nit., 21; 35-52. 
1948. 

Studies for the past few years at Geneva have 
been focused on the development of a mixture 
of compounds that would efficiently clean and 
sterilise in one operation with cold water. Only 
the non-ionic synthetic detergents with quater- 
nary ammonium compounds offer possibilities 
of success. Non-ionic detergents without agi- 
tation removed about 50-60% of the soil from 
aluminum or glass; with agitation about 70% 
was removed, but when modified by the addition 
of special compounds, 100% of the soil was re- 
moved. When the soil was dried on the hard 
surface, then removal was difficult. 

Selected quaternary ammonium compounds 
were effective sterilizers without odor. They 
were effective in the cleansing solution against 
the usual test bacteria, including Pseudomonas 
fluoreseens which often has been found s so dif- 
ficult to kill. The unmodified non-ionic de- 
tergents and quaternaries were not effective, 
however. The modified non-ionic detergent- 
quaternary solution was Used as a cleaner-steri- 
lizer for milking machines. “Dairymen were 
instructed at the premises to draw three gallons 
of the mixtures through the machine once daily 
and also once daily to use a brush on all rubber 
parts.** The milking machines were clean and 
the milk gave low total and thermoduric bacterial 
counts. A. C. Dahlbcrg 

187. Cleamiig and sterilizuig milk tank tmdu. 
J. R. Perry, Sealtest Inc., New York. Ann. Rpt. 
N. Y. State Assoc. Milk Sanit., 21: 95-110. 
1948. 

Die problem of cleaning and sterilizing may 
be grouped as (a) cleaning and sterilizing facili- 
ties and equipment, (b) cleaning and sterilizing 
procedure, (c) sanitary control, (d) construction 
of tanks and (e) design of tanks. Details of 
the cleaning and sterilizing procedures are pre- 
sented. Sealtest has developed several aids in 
the cleaning operation. These include water 
mechanically controlled at 1 15** F., light, fieadble 
hot water hose, control of the water pressure, 
an automatic hose ^water^shut^off valve, and a 
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special washing solution-fed brush. A portable 
cleaning solution tank has been developed to 
maintain the solution at 115*^ F. and under con- 
stant pressure. A special tank with rotary brush 
has been developed for washing sanitary fittings 
and pipes. A special milk tank truck has been 
constructed which should simplify cleamng. 

A. G. Dahlberg 

188. Restaurant sanitation. Georoe West, 
Rochester, N. Y., Health Bureau., Rochester, N. Y. 
Ann. Rpt. N. Y. State Assoc. Milk Sanit., 21: 
157-164. 1948. 

The significance of food in outbreaks of dis- 
ease is shown by statistics of the U. S. Publ. 
Health Service from 1938-1945, inclusive, show- 
ing in the United States that there were 12,102 
individual cases of illness due to milk, 111,839 
due to water, and 57,591 due to food. Over half 
of the food-borne illness occurred from public 
eating places. The author discussed the prob- 


lem of regulations prescribing proper sanitation 
and clean food for public eating places. 

A. C. Dahlberg 

Also see abs. no. 151, 157, 158, 163, 166, 180. 

MISCELLANEOUS 

189. Symposium on food technology. Ind. Eng. 
Chem., 40, 12: 2241-2257. Dec., 1948. 

Four excellent review papers are presented on 
different phases of fcod technology as follows: 
Sterilization of Foods, J. M. Jackson and H. A. 
Benjamin, Amer. Can Co., Maywood, 111., pp. 
2241-2246; Processing Edible Fats, Warren H. 
Goss, Pillsbury Mills, In Minneapolis 2, Minn., 
pp. 2247-2251; Frozen Food Industry, Clifford 
F. Evers, Natl. Assoc, o Frozen Food Packers, 
Wash., D. C., pp. 2251- 1253; Measurement of 
Food Acceptance, E. C Crocker and L. B. 
Sjbstrom, Arthur D. Li\ le, Inc., Cambridge, 
Mass., and G. B. Tallman Mass. Inst, of Tech., 
Cambridge, Mass., pp. 221 V-2257. 

B. H. Webb 
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190. Principles of food freering. W. A. Gort- 
NER^ F. S. Erdman and Nancy K. Masterman. 
John Wiley & Sons, Inc., New York, N. Y. 281 pp. 
$3.75. 1948. 

Although this book contains comparatively little 
directly about dairy products, the chapters con- 
cerned with the engineering of food freezing con- 
tain considerable material on the design and op- 
eration of refrigeration facilities which should be 
of interest to people in the dairy industry because 
of the straightforward presentation. For those 
who are operating locker plants in conjunction 
with dairy enterprises or are marketing frozen 
foods, considerable information on processing, 
holding and utilization of miscellaneous frozen 
foods is presented. The book is not an exhaustive 
treatise but rather a useful summary of the frozen 
food industry written in reasonably non-technical 
language. The format is good and the indexing 
appears to be better than one sometimes finds in 
a took of this type. F. E. Nelson 

191. Food plant sanitation. M. E. Parker. 
McGraw-Hill Book Co., Inc., New York, N.Y. 
447 pp. $6.00. 1948 

Although written for the entire food industry, 
this book contains considerable information di- 
rectly applicable to the dairy industry. All phases 
of sanitation arc covered, from the design of the 
plant and the sanitary quality of the water supply 
to the placing of the food in a package which will 
provide good sanitation during marketing. Deter- 
gency and insect and rodent control arc treated 
at some length. The establishment and main- 
tenance of sanitary practices and the proper train- 
ing of personnel are discussed. An appendix sec- 
tion on “Excerpts from U. S. Laws and Regula- 
tions” is included. This took should be of con- 
siderable value to those concerned with sanitation 
problems in the dairy industry. F. E. Nelson 

192. The chemistry and technology of enzymes. 
Hei^ry Tauber. John Wiley & Sons, Inc., New 
York, N.Y. 550 pp. $7.50. 1949. 

This volume supersedes Enzyme chemistry and 


Enzyme Technology by the same author; there- 
fore, the first part is concerned with the chem- 
istry of enzymes and the second part with their 
technology. This treatment has led to some 
duplication — almost replication in several in- 
stances — ^while pertinent material has not been in- 
cluded in other cases, probably to keep this took 
at a reasonable size. A considerable mass of 
material is presented and citations to the original 
literature arc numerous. Applications to a wide 
variety of fields are included. The chapter on 
“Enzymes in Dairy Products” includes a short 
and relatively inadequate description of the milk 
phosphatase enzyme and its use for control of 
pasteurization. No material on milk lipase is 
presented. Cheese ripening is discussed in 6 
pages, probably adequate space for this type of 
publication if the choice of material had been 
better. Prevention of mold growth on the sur- 
face of Cheddar cheese is ascribed to surface 
salting. The took contains quite a few errors in 
the naming of organisms and the same organism 
is discussed under more than one name in 
some instances. This book probably is another 
indication that many fields formerly considered 
quite specialized arc becoming so complex that 
only rarely will one person be able to encompass 
with complete adequacy all areas which should 
be included in a discussion of the entire field. 

F. E. Nelson 

193. Milk and milk processing. B. L. Herr- 
ington. McGraw-Hill Book Co., Inc., New 
York, N. Y. 343 pp. $3.75. 1948. 

This took was written as a text for a sophomore 
course in general dairy manufacturing and thus 
presupposes a knowledge of general chemistry. 
As would be expected from die background of 
the author, the chemical approach is emphasized 
in presentation of the material. The first part 
of the book is concerned with the composition of 
milk and the nature of the different constituents. 
Chapters on microorganisms, pasteurization, 
creaming and cream separation, and homogeni- 
zation are followed by discussions of the various 
dairy products. Chapters on the Babcock test and 
lactometry follow. The index seems adequate 
for a book of this type. The material is pre- 
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sented logkaJly and in an easily understood form. 
This book should be very us^ul not only as a 
text for a course in general dairy manufacturing 
but also as a reference book for plant operators 
with reasonably good technical background. 

F. E. Nelson 

ANIMAL DISEASES 

W. a POUNDEN, SECTION EDITOR 

194. Field stucfies on bovine venereal trichomon- 
iasis effects on herds and efficacy of certain 
prances in controL D. E. Bartlett and G. 
Dikmans. Bureau of Animal Industry, U. S. 
D. A., Beltsville, Md. Am. J. Vet. Research, 
10,34:30-39. Jan., 1949. 

An analysis of the effect of trichomoniasis upon 
the breeding efficiency of a herd is made with 
detailed protocol of 2 affected herds. A graph- 
ical presentation of reproductive records in each 
herd clearly shows the progressive nature of the 
disease in the herd and the rapid recovery 
following institution of control measures. Effec- 
tive control measures are discussed in detail and 
a graphic outline is given to emphasize the im- 
portant steps in the hygienic breeding program. 
The basis of the program is accurate diagnosis 
of the infectious state of each animal in the 
herd, use of dean sires and sexual rest for in- 
fected females. Eight of nine herds following 
this program have recovered satisfactorily from 
trichomoniasis. £. W. Swanson 

195. Further observations on experimental treat- 
ments of Trichomonas foetus iiffection in bulls. 
D. £. Bartlett. Bureau of Animal Industry, 
U, S. D. A., Beitsville, Md. Am. J. Vet. Re- 
search, 9, 33: 351-359. Oct,, 1948. 

The intravenous administration of Ndl was 
successful in eliminating T. foetus infection in 2 
of 8 trials. Other treatments with iodides are 
reviewed and a seasonal trend in ilieir effidency 
is suggested. Intrapreputial insufflation with a 
silver protdn powder and direct application of 
a trypoflavin ointment were ineffective. Topical 
application of a Carman-manufactured product, 
containing trypoflavin, Surfen A, triethyleneglycol 
and a condrasation product of ethylene oxide 
and water was effective in 7 of 8 trials. The 
latter was the only effective topically applied 
material encountered. £. W. Swanton 

198. A aonantigeiik alletgie agent Tor iaO*a- 
ihnnAl brocdlosis tests, H. £. CIttosen and N. 
Ftvic. State Serum Laboratory, Copenhagen^ 
t^enmaik. Am* J. Vet^ Research, 10, 34: 5^11. 
>^ 1949 . 

A metlibdl lor the pSr^aration of an extract 


from Brucella abortus by add hydrolysis is des- 
cribed in detail. The extract ffid not promote 
complement-ffxing antibodies follovdng intraven- 
ous injection, but it elicited strong allergic react- 
ions in Bm^//a-infccted animals. cor- 

relation was observed between the intradermal 
test in cattle and the blood agglutination test. 

£. W. Swanson 

197. Studies on die pathogenicity of Brucella 
suis for cattle I. F, V. Washko, L. M. Hctoh- 
iNos AND C. R. Donkam. Purdue Univ., Lafay- 
ette, Ind. Am. J, Vet. Research, 9, 33: 342-350. 
Oct., 1948. 

Of 9 cows fed aborted swine fetuses or ex- 
posed to jB. mif-infected swine, JB. suis was re- 
covered from only one at parturition. Cows pre- 
viously exposed to B. suis did not show signifi- 
cantly greater resistance to Brucella abortus than 
did unexposed control animals. Attempts to 
establish B. suis infection in the bovine udder 
were successful fpllowfng introduction of the 
organisms into the teat canal by injection or by. 
applying to the teat orifice, but were unsuccessful 
following application of B. suia to abraded udder 
skin, feeding of infected material or exposing of 
cows to infected swine in a small pen. . Acute 
mastitis resulted from the introduction of B. suis 
into the mamary gland. Elimination of the in- 
fectious organisms in the milk was persistent 
and intermittent throughout the lactation. 

E. W. Swanson 

198. The Brucella abortus rmg test. P. A. 
Bruhn. Royal Veterinary and Agricultural 
College, Copenhagen, Denmark. Am. J. Vet. 
Research, 9, 33: 360-369. Oct., 1948. 

A short review of the development of the ring 
test is presented. A specific B. abortus antigen 
dyed with hematoxylin is mixed with milk. The 
distribution of color between the cream and skim 
milk layers constitutes the basis of the test. The 
interference of the Schcm-Gorlisch reaction 
(used to detect heated milk) with the ring test 
is discussed. False positive tests are considered 
a combination of the S-G reaction and non- 
specificity 5f the antigen. Extensive field use of 
highly specific antigens showed the ring test to 
be about 8P to 95^^ accurate. Greater accuracy 
was secured with pooled herd milk than with in- 
dividual-cow samples, due largely to variations in 
creaming of the latter. The development of a^ 
highly specific antigen for the ring test is dis- 
cussed briefly. This antigen gave positive rmfts . 
on pooled milk diluted 1:128, compared to a 
senritivity of only 4-fold dilution with a vdiey 
agglutination test Evidence iS presenteci 
coi^ently positive ring tests hifficate inf^diem 
evoa""ffi die pretence of erimtely kfw Uoo4 
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titen. The iise of the ring test is proposed as a 
means of more effectively applying a brucellosis 
eradication program on an area basis. 

£. W. Swanson 

199. Effect of sttlfamethaziiie on certain infect- 
ions of ffie bovine mammary gland. O. W. 
SCHALM^ R. A. Bankowski, R. W. Okmsbee, 
AND T. W. Browne. Univ. of California, Ber- 
keley. Am. J. Vet. Research, 10, 34: 56-62. 
Jan., 1949. 

Sulfamethazine was given Intravenously, fol- 
lowed by 3 daily oral doses to a group of 10 cows 
infected with Staphylococcus aureus, Aerobacter 
aerogenes, and Streptococcus agalactiae. No 
significant change in the udder infection or char- 
acter of the milk occurred. Levels of sulfa- 
methazine in the milk were considered too low, 
so a series of 6 semi-daily intramammary infu- 
sions were given to 7 infected cows. Infection 
persisted in all of the cows following treatment. 
Milk was more abnormal following treatment 
than before, although production was not de- 
creased. Oral treatment of 8 dry cows was most 
successful in establishing desired udder concentra- 
tions of sulfamethazine, but it was not effective in 
eliminating S. aureus and A. aerogenes infections. 
Treatment of acute and chronic cases of A. aero- 
genes and Pseudomonas aeruginosa mastitis with 
.sulfamethazine also was ineffective. 

£. W. Swanson 

200. Bovine mastitis. Economic importance 
of the disease — methods of detection, control and 
prevention. G. R. Spencer. Univ. of Wisconsin, 
Madison. Milk Plant Monthly, 37, 12: 35-36, 
77. Dec., 1948. 

Mastitis, the most costly of all diseases related 
to the dairy cow, is the most puzzling problem 
that confronts the dairy industry today. Chronic 
mastitis which may survive for months and years 
usually is caused by streptococci, whereas acute 
mastitis which lasts only a few days commonly 
is caused by staphlycocci and coliform organisms. 
Although this disease is of no serious threat to 
public health, the cause of this inflammation 
must be detected and treated, since health-en- 
dangering hemolytic organisms may infect the 
udder. Proper pasteurizaiton has done much to 
eliminate this threat. 

Hie microscopic body-cell count and the 
catalase tests are used widely in the laboratory 
for detecting mastitis. Herdsmen must rely on 
physical examination of the milk and animals 
for detecting the disease. Segregations, sanita- 
tion, disinfection and proper milking procedures 
aid most -in controlling mastitis. However, treat- 
ment of the animal vddi penicillin and sulfona- 


mides under the direction of a veterinarian has 
aided in effecting control in certain types of 
mastitis. J. A. Meiser, Jr. 

201. The results of a mastitis herd survey in 
the N, E. midland area during 1946-1948. D. L. 
Hughes. Vet. Record, 60, 50: 659. Feb., 1949. 

In the process of research on penicillin therapy 
for mastitis, the author examined bacteriologically 
milk samples from 19 problem mastitis herds in- 
volving a total of 591 cows. The types of infec- 
tion found were as follows: Staph, pyogenes, 120 
cows or 20.3%; Str. agalactiae, 91 cows or 
15.2% and Str, dysgalactiae, 24 cows or 4.0%. 
In a few herds a variety of organisms was found 
such as diphtheriod bacilli, unidentified strepto- 
cocci and micrococci. The author suggests that 
the unexpected comparatively low level of Str, 
agalactiae infections in the herds surveyed may be 
due to the rather widespread use of penicillin 
therapy in that area or possibly variations because 
of locality. In a similar investigation undertaken 
in different counties in 1944-45, a Str, agalactiae 
incidence of 59.3% was found. 

R. P. Ncidcrmcicr 

Also see abs. no. 265, 266. 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

202. Packaging of print butter. T. A. Nicker- 
son AND S. T. Coulter, Univ. of Minnesota. 
Natl. Butter Cheese J., 40, 1: 26-27, 52, 54-57. 
Jan., 1949. 

This study was made to obtain information on 
the protection furnished print butter by various 
combinations of wrapping material against such 
factors as absorption of odors, oxidation, shrink- 
age, physical damage and deterioration in the 
consumer’s refrigerator. The heat-sealed plio- 
film and cellophane gave the best protection 
against absorption of odors. However, no one 
wrapper could protect the butter from all foreign 
odors. The wrapping material that protected 
butter from light provided the best security 
against deterioration caused by oxidation. The 
degree of oxidation of the butter was determined 
by flavor scores, as well as by the aldehyde and 
peroxide values of the fat. 

‘ Four 0.25-lb. prints of butter suffered a greater 
loss due to shrinkage than a 1-lb. print under 
similar conditions. Foils and pliofilm both gave 
satisfactory proetetion against shrinkage as did 
parchment + plioform + carton. The greatest re- 
sistance against physical damage to the butter 
was afforded by the cardboard cartons. Wrapping 
materials such as cellophane, pliofilm or parch- 
ment gave little protection against external phy- 
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sical force. Under home storage conditions foil 
and parchment + carton gave about equal pro- 
tection to the butter. H. £. Galbert 

203. Let’s sell butter! Roy Robicbaux. West- 
ern-United Dairy Co., Chicago, 111. Milk Plant 
Monthly, 38, 1: 70-72. Jan., 1949. 

A five-point program for promoting the sale 
of butter is outlined as follows: ( 1 ) Use cream of 
sufficient quality to produce at least a 90 score 
butter. (2) Use proper processing methods and 
technics so that the best possible butter is pro- 
duced. (3) Use appealing efficient packaging 
methods that will insure the product against out- 
side contamination. (4 ) Police the consumer out- 
lets to insure that the product is fresh and whole- 
some when it reaches the consumer. (5) Use 
only butter of 91 score or better when storing 
for future consumer use. J. A. Meiser, Jr. 

204. De invloed van het vetgchalte van den 
room op de stevigkeid, het vochtgehalte en andere 
eigenschappen van de boter. (The influence of 
the fat content of the cream upon the consist- 
ency, the water content and other properties 
of the butter.) (English summary.) H. Muldbr. 
Rykslandbouwproefstation, Hoorn, Holland. 
Landbouwkund. Onderzoekingen, 52, 6C: 268- 
276. 1946. 

Butters were made from creams with different 
fat content under the same temperature condi- 
tions and other conditions as much the same as 
possible. Fat contents of 25-50% were com- 
pared with 8-12%. The thin cream took a much 
longer churning time, butter granules grew very 
slowly and needed a long working time. These 
butters contained more moisture and buttermilk 
than the other butters. There was no difference 
in hardness. • 

The fat content of the buttermilk was about 
the same, causing high fat losses in the cases 
of thin cream. The phospholipid content of the 
buttermilk was about proportional to the fat con- 
tent of the cream. More fat could be separated 
out of the buttermilk from the thin cream. This 
cannot be explained by the different phospholipid 
content. After separating the buttermilk, the fat 
loss with thin cream still remained higher. 

A. F. Tamsma 

205. Onderzoek naar de mogelykbeid van ver- 
betering vjm de stevigheid van zomerboter. 
(Investigation into the possibility of increasing 
ibt fim^ess of summer butter.) W. Adrxani 
AND A, F. Tamsma. Laboratorium der Coop. 
I^biiek van Melkproducten, Bedum, Holland. 
Landbouwkund. Onderzoekingen, 47, 12C: 941- 

io 24 « mu 

Eacperiiiienti were made to ascertain hoW the 


flrmness of butter (measured at 18* C.) is Influ- 
enced by the manufacturing process. Souring 
at 18* C. had no advantage against souring at 
normal temperature (14* C.); sometimes it 
caused the fat content of the buttermilk and the 
water content of the butter to be too high. Both 
too cold and too warm wash-water led to softer 
butter. Souring, chuxidng and washing at about 
14* C. gave the best results. 

To get more insight, the crystallizing of but- 
terfat was studied by the dilatometric method. 
During cooling, a very pronounced undercooling 
phenomenon takes place. By cooling butterfat 
gradually and afterwards increasing the tempera- 
ture little by little, in the diagram representing 
the quantity of solid phase as dependent upon 
the temperature, a loop is described so that the 
quantity of solid phase at a given temperature 
is higher when thb temperature is reached from 
a lower temperature rather than from a higher 
temperature. Cooling in steps leads to a smaller 
quantity of solid phase. At a given temperature, 
for instance 18* C., one gets the largest quantity 
of solid phase by cooling melted butteifat im- 
mediately to a lower temperature, c.g., 13 to 14* 
C., and raising the temperature to 18* C. only 
after the fat has remained a sufficiently long 
time at the lower temperature. 

The theory was set up that firmness of the 
butter depends in the first place on the quantity 
of solid phase (crystallized butterfat) and in the 
second place on the structure of this solid phase. 
From this theory it follows why souring, churn- 
ing and washing at temperatures above 14* C. 
had an adverse effect on the firmness of butter 
(measured at 18* C.) and why cold wash water 
led to softer butter. The results of the present 
investigation could be explained in this way. 
Also, the results of some experiments which arc 
described in the literature, but which could not 
be explained in another way, could be interpreted 
easily by this theory and the fundamental facts 
mentioned previously. 

One must prevent the butter from reaching 
(even temporarily) a higher temperature. Too 
high temperatures proved very disadvantageous 
and cooling to a lower temperature after ex- 
posure to high temperatures did not restore the 
original firmness. 

Tht temperature of the butter is of great im- 
portance for the firmness, because the tempera- 
ture coefficient is large, a difference of 10% in 
firmness corresponding to a temperature differ- 
ence of only 0.25* C. A. F. Tamsma 

206. Ondemdt naar de mogdykheid van ver- 
beusnog der comite&tie van wiafteriKiier. (In- 
vestigidMMi into die piOHiUllty of imiMroviiig fe 
textore of winter Imttor.) (English and Cver^ 
man sommary.) W. Adriani and A. F. Taii^ma. 
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Labomtorittm der Ck>operatieve Fabriek van 
Melkproducten, Bedum, Holland. Landbouw- 
kund. Onderzoekingcn, 52, IG: 1-24. 1946. 

A good texture of winter butter may be ob- 
tained in choosing the right manufacturing proc- 
ess, taking care that the structure leading to brit- 
tleness is destroyed and that the percentage of 
crystallized fat in the butter at a given tempera- 
ture, e.g., 13* G., is as low as possible, as a high 
percentage of crystallized fat goes together with 
a high hardness of the butter. 

The first point is effected by working at low 
temperature, which can be reached by washing 
the butter three times with washing water of 9® 
C. or a little lower still. The second point is 
effected by cooling the cream in successive steps. 
In a laboratory investigation keeping butterfat 
at different temperatures and determining the 
percentage of crystallized fat by the dilatomctric 
method, it was established which temperature 
steps were the most effective for a good texture 
of the butter at 13® C. The results obtained were 
confirmed by experiments on a technical scale in 
the factory, proving the following manufacturing 
process satisfactory. The pasteurized cream is 
cooled at 14* G. After some hours the tempera- 
ture is raised to 22* G. and maintained during an 
hour. Then the cream is cooled to 14* G. and 
soured at this temperature overnight. The 
ripened cream is churned at 14* G. and the butter 
washed and worked as described above. 

A. F. Tamsma 

207. Verschillca in stevigheid by Zomerboters 
door verschillende fabrieken bereid. (Differences 
in firmness of summer butters, produced by dif* 
ferent factories.) (English, French and German 
summaries.) W. Adriani and A. F. Tamsma. 
Lciboratorium der Gooperatieve Fabriek van 
Melkproducten, Bedum Holland. Vakgroep 
Boterindustrie. The Hague, Holland. 23 pp. 
1946. 

Determination of the firmness of summer but- 
ter at 18* G., rather than at 13® G., is advoc.atcd 
for two reasons: (a) The firmness of summer 
butter is of most interest at the higher tempera- 
ture. (b) At 13* G. the systematic differences 
between the factories were partly and sometimes 
completely covered by the great fluctuations that, 
on the strength of theoretical considerations de- 
rived from study of butterfat, were expected to 
occur in a much smaller degree at higher tem- 
perature. Statistical examination of all data 
available at different factories showed that if 
differences in fat composition were taken into 
account, there were still some factories produc- 
ing butter which on an average was firmer, other 
which was softer than that corresponding with 


the calculated line of regression. These differ- 
ences could be explained sufficiently by differences 
in method of manufacture according to the facts 
established by the investigations of the authors. 
The composition of the milk fat affected the 
firmness of the summer butter of different fac- 
tories much more than did the method of manu- 
facture. A. F. Tamsma 

CHEESE 

A. G. DAHLBERG, SECTION EDITOR 

208. Smaak en smaakstoffen van kaas. (Taste 
and taste compounds of cheese). H. Mulder. 
Landbouwkund. Tijdschr. 59, 706/708: 181-187. 
March/May, 1947. 

After an introduction on the history of differ- 
ent kinds of cheese, the author comes to a descrip- 
tion of taste, particularly taste of cheese. The dif- 
ferent components of cheese, as far as they con- 
tribute to the taste, are discussed. The equili- 
brium and cooperation of the taste components 
arc considered important. Nomads probably 
made the first cheese for army supply. After- 
wards educated peoples developed the taste. 
Later on the existence of different kinds of 
cheese was governed more by economic than by 
taste reasons. 

The simple differentiation of taste into sweet, 
.sour, salt and bitter is found not adequate, ta.ste 
being much more complicated. The taste of 
cheese has a general component but is very vari- 
able, because of the many other components. 
Fat, protein, milk sugar, with their degradation 
products, milk salts, salt and water all contribute 
to the taste. Fat is very important as by hydro- 
lysis fatty acids are formed, causing probably a 
main part of the cheese flavor and taste. Pro- 
teins in the ripening process form many com- 
pounds contributing to the ta.stc of cheese. Par- 
ticulars were described. Milk sugar in Dutch 
cheeses is completely changed to lactic add, giv- 
ing a fresh taste, particularly if pasteurized milk 
was used. Bacteria can form many other prod- 
ucts out of lactic acid; the calcium salt of pro- 
pionic acid causing the sweet taste of Emmen- 
taler cheese comes from this source. All com- 
pounds together form the typical cheese tastes. 
Knowledge of the taste components and the way 
they arc formed is considered very important for 
the cheese industry. A. F. Tamsma 

209. Cheese pusher. F. B. Branchfield, Sr., 
U. S. Patent 2,457,441. 5 claims. Dec. 28, 
1948. Official Gaz. U. S. Pat. Office, 617, 4: 
1130. 1948. 

An implement for pushing cheese in a cheese 
vat, consisting of an angular frame and handle 
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and a screen which may be adjusted to an. up- 
right porition, is describe. R. Whitaker 

210* Apparatus lor treating dieese* O. F. 
Hansel. U. S. Patent 2,455,579. 3 claims. 

Dec. 7, 1948. Official Gaz. U. S. Pat. Office, 
€17» 1: 180. 1948. 

Cheese of the Blue or Roquefort type is im- 
proved by admitting air to the interior through 
holes punched uniformly in the cheese by a 
group of small rods which are forced down 
trough the cheese as it is held firmly between 2 
plates so perforated to allow passage of the rods. 
The rods are lowered and raised automatically 
by an eccentric operated by a source of power. 

R. Whitaker 

Also see abs. no. 214. 

CONDENSED AND DRIED MILK; 
BY-PRODUCTS 

F. J. DOAN. SECTION EDITOR 

211. Ganingsgetranke aus Pflanaeneztrakten 
und Molke. (Fermented beverages from plant 
extracts and whey). English summary. M. E. 
Schulz and K. Faokelmeier. Die Milch- 
wissenschaft, 3, 6: 165->174. June, 1948. 

Milone is a sweet-sour, slightly alcoholic fer- 
mented drink prepared from plant extracts and 
whey. Whey is fermented to 1% lactic acid and 
mixed while cold with an equal volume of 3% 
herb tea. The tannin in the tea is precipitated by 
the albumin in the whey and the precipitate re- 
moved. The liquid is fermented with lactose- 
fermenting yeasts and sweetened. The maximum 
alcohol content of the beverage is 0.8%. The 
herb tea is made up of leaves of linden, hazel nut, 
billbery and milfoil, together with spicy heibs 
such as elder blossoms, rosemary lindetiT blossoms 
and mint. The technical problems involved in 
the preparation of milone are discussed in detail 
and illustrations of a processing plant arc given. 

I. Peters 

212. Eighty per cent hutterfat cream, hs pro- 
dttctiim and use. R. J. Spiers. Abbotts Dairies, 
Philadelphia, Pa. Ice Cream Trade J., 45, 1: 44. 
Jan., 1949. 

Sec abs. no. 87, page A19. 

W. H. Martin 

213. Treatment of rennet casein for fhw 
maniifactnrers. A. J. Lawsenge. Australian J. 
Dairy Technol., 3, 3 : 96-97. July-Sept, 1948. 

Rennet casein showing certain quality defects is 
unsuhed for the manufacture of plastics. It also 
is ntriiiited for use in g^uemaldng. In a search 


for an additional outlet for tqch caadn, it vras 
found that when rennet casein was treated lor 
1 hr. with 3 parts by weight of 1% sulfluic acid 
followed by washing 3 times, hltering and dryii^ 
at 130* F., a casein showing mmimum swelling, 
good color and an ash content of 2.8% was 
tained. Glue prepared from such a product met 
the* requirements of 1,000 Ih/in.^ breakup strain 
as prescribed in the ^‘Australian Standard Sped- 
hcation for Joiners’ Glue (casein} (1941)**. 
Casein treated similarly with hydro^loric acid 
and subsequently used in the preparation of glue 
was not satisfactory. J. C. Olson, Jr. 

214. Uatersuchnngen zur Bewertung der Molke. 
(The determination of the quality of vdiey.) 
English summary. G. Demmler and K. 
Kumetat. Die Milchwissenschaft, 3, 5; 138-142. 
May, 1948. 

In order to determine watering and/or bio- 
logical deterioration of whey, various methods 
were used. The ripening of sweet rennet whey by 
natural fermentation or by addition of pure 
homofermenting lactic cultures resulted in a 
lowering of specffic gravity, % of total solids and 
% lactose, thus making these methods unsuitable 
for the determination of watering of whey. Whey, 
which is defined by law as “the liquid obtained 
in checsemaking after separation of casein and 
fat by curdling of milk**, should contain not less 
than 5.5% dry matter when made with acid and 
rennet, and not less than 5.2% when made with 
acid alone. Thus whey which is in the normal 
range of acidity but contains less than the pre- 
scribed % dry matter should be regarded as 
inferior and treated accordingly. Proper cooling 
and/or pasteurization should be practiced in 
order to maintain the quality of whey. 

I. Peters 

215. Gesdudt^ches liber Molke und Milch- 
zttckcx. (Historical data in udiey and milk 
sugar.) English summary. E. Fungk. Die 
Milchwissenschaft, 3, 6: 152-160. June 1948. 

Documents of the Middle Ages divide milk into 
butter, cheese and whey. The whey was valued 
for its nutritional and curative properties. Special 
attention was given to milk sugar, which was dis- 
covered scientifically by Bartoleti in 1633. The 
name “milk sugar** was used first by Ludavici 
Testi who used it as a patent name for his medi- 
cine against arUiritis. In 1711 Fick named the 
carbohydrate found in milk '*mUk sugar.** Proof 
that milk su^ is an animal type of s^ar was 
obtained by Scherie in 1780. I. Pete» 

21^ dtf F WAng feiAett iki Hfodk* 

Ra km ndt.RO jProaeait 1(13^ 
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inniiatkm of fat glolmles hi IdgUy concentrated, 
cream iritli 80 per cent fat) English summary. 
W. Morr and J. Wellm. Die Milchwissen- 
schaft, 8, 6; 149-152. June, 1948. 

Microscopic observations of cream with over 
75% fat verified the calculated deformation of fat 
globules at such high concentrations. The de* 
formation of globules means an increase in poten> 
tial (surface?) energy and, in turn, lowers the 
stability of the emulsion. In order to escape the 
pressure causing deformation, the globules can 
fuse. The fusing is governed by other factors 
which are responsible for the stability of the 
emulsion. The deformation of fat globules in 
80% cream may denote the first step in butter* 
making by the Alfa proce^. 1. Peters 

217. Milk turning machine. J. W. Gibler. 
U. S. Patent 2,456,630. 5 claims. Dec. 21, 1948. 
Official Gaz. U. S. Pat. Office, 617, 3: 763. 1948. 

Evaporated milk in cartons stacked on pallets 
may be inverted easily by one man with this de- 
vice. Turning is desirable to eliminate cream 
separation in the stored product. R. Whitaker 

218. Some observations on the bacteriology of 
condensed milk. H. B. Hawley. Henry Ed- 
wards and Sons., Ltd., Pipe-Gate, Near Market 
Drayton. Proc. Soc. Applied Bact., 1946, 1 : 1-5. 
1947. 

The bacterial count of sweetened condensed 
milk declined in the coXirse of each day’s opera- 
tion as well as during each weekly period of op- 
eration. The high counts occurred immediately 
after the daily cleaning of the pans and canning 
machine and after the weekly cleaning of the 
condensed milk storage vat and pump. These 
increased counts were considered caused by in- 
complete cleaning and sterilization of the vacuum 
pans, packing gland of the pump and the bottom 
bearing of the agitator in storage vat. The low- 
ering of the count following such periods was 
caused by the high concentration of solids in the 
sweetened condensed milk. It was concluded 
that more attention was needed to constructional 
design in such plants so that all equipment could 
be ^mantled, cleaned, sterilized and dried. 

M. L. Speck 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

219. Thennoduric and tihermophilic bacteria in 
washed milk dburns. S. B. Thomas, L. B. Jones, 
M. A. Beavan, and B. F. Thomas. Umv. Col- 
lege of Wales, Aberystivyth. Proc. Soc. Applied 
Bact, 19< U 54-55. 1946. 

can rinses diowed higher counts at 30 


than at 37® C., both before and after laboratory 
pasteurization at 63** C. for 30 min. The can 
usually had a high thermoduric count. The 627 
thermoduric bacteria isolated from yeastrel milk 
agar plates incubated at 30* C. were classified as 
follows: microbacetria, 62.0%; aerobic spore- 
formers, 18.8%; micrococci and sarcina, 7.5%; 
gram-negative rods, 7.3%; streptococci, 2.2%; 
yeasts, 1.4%; actinomycetes, 0.8%. Thermo- 
philes were not encountered frequently in the 
cans, 3.5% showing counts greater than 500,- 
000/mI., while 77% had counts less than 500. 

M. L. Speck 

220. The reproducibility of dye reduction 
tests with pasteurized milk. D. W. Watson, 
C. J. Bessei.l, E. Goldschmidt, and J. G. 
Davis. Express Dairy Co., Ltd., 133 Euston Rd., 
N. W. 1. Proc. Soc. Applied Bact., 1946, 1: 56- 
58. 1948. 

Resazurin gave somewhat better reproduci- 
bility in reduction time than methylene blue on 
replicate samples of raw and pasteurized milk. 
Both dyes showed better reproducibility with raw 
than with pasteurized milk. Also the variation 
in replicate tubes decreased in samples having 
shorter reduction times. The samples were in- 
cubated until complete reductoin of the dye oc- 
curred, and resazurin was reduced more slowly 
than was methylene blue in both raw and pas- 
teurized milk. M. L. Speck 

221. Das Verhalten der Paratyphus-Enteritis- 
Gnippe in der Molke. (The behavior of the 
paratyphoid and enteritis groups in whey.) 
English summary. R. Hei.m and W. Wedemann. 
Die Milchwissenschaft, 3, 5: 133-138. May, 1948. 

Samples of rennet and of acid whey were in- 
oculated with pure cultures of the paratyphoid- 
enteritis group and incubated at room tempera- 
ture and at 37.5* C. Daily plating on regular 
agar medium and on Drigalski’s medium were 
made, and the typical colonies obtained examined 
for motility, gram reaction and agglutination 
test by appropriate methods. Results of 4 trials 
with rennet whey showed survival of pathogens 
up to the 23rd d. in samples held at room tem- 
perature, but only up to the 15th d. in those 
held at 37,5* C., whereas in 7 trials with sour whey 
no pathogens were isolated after incubation for 
7 d. at room temperature and after incubation 
for '2 d. at 37.5" C. The detrimental effect of 
acid at higher temperature upon the pathogens 
is evident. From the health standpoint whey 
should be pasteurized prior to consumption by 
humans or animals. 1. Peters 

222. The critical Iminiiiity in the destruction of 
Strqitococcns salivarius by hypochlorite aero- 
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sols. J. Wolf and A. B. Batchelow. Milton 
Antiseptic and Dcosan, Ltd., John Milton House, 
Brewery Rd., London, N, 7. Proc. Soc. Applied 
Bart., 1946, 1: 59-61. 1946. 

At a temperature of 20-25® C., complete de- 
struction of Streptococcus salivarius was obtained 
in 3 min. at a relative humidity of 56% when 
1% hypochlorite aerosol was sprayed to give a 
concentration of hypochlorous acid gas of 0.5 
p.p.m. in the atmosphere. With 45% relative 
humidity at this temperature, 75% of the bac- 
teria remained. Below 20° G., higher relative 
humidity was required to obtain an equal kill, 
while alx>ve 25® C. less humidity was necessary. 

M. L. Speck 

223. An improved medium for the enumera* 
tion of bacteria in milk and milk products. M. 
J. Pelczar, Jr., Univ. of Maryland, College 
Park, and H. D. Vera, Baltimore Biological 
Laboratory, Baltimore. Milk Plant Monthly, 38, 
1:30-33. Jan., 1949. 

Since the use df the present standard tryptone- 
glucose-bcef extract agar containing milk as a 
medium for the eJiumeration of bacteria in milk 
products offers several disadvantages, the authors 
propounded a new medium that does not contain 
meat extract or added skim milk. The composi- 
tion is as follows: pancreatic digest of casein 
(Trypticase), 15 g./l.; papaic digest of soy meal 
(Phytonc), 5 g./l.; dextrose, 5 g,/l.; sodium 
chloride, 4 g./l.; cystine, 0.2 g./l.; sodium sul- 
fite, 0.2 g./l.; agar, 15 gJl; pH, 7.2. 

Using standard plating procedures, a series 
of counts was made on various dairy products. 
The new medium frequently produced larger 
colonies than did the standard tryptonc-glucose- 
beef extract agar, yet all counts were comparable. 
Besides being easily prepared, the new medium, 
due to its clarity, did not obscure small colqpies. 

J. A. Mciser, Jr. 

224. A method of collecting sterile blood from 
cattle. F. V. Washko. Purdue Univ., Lafay- 
ette, Ind. Am. J. Vet. Research, 9, 33: 359. 
Oct., 1948. 

A method is described for pbtaining blood 
from the jugular vein of cattle without con- 
tamination. The vein is punctured with a sterile 
18-gauge needle passed through a 14-gaugc needle 
used to pass through a disinfected skin area. 

£. W. Swanson 

Also see abs. no. 198, 218. 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

225. Method of treating lactallmmin. G. P. 
Buiterfield and L. A. Thorne. (Assigned to 


American Seal-Kap Corp.) U. S. Patent 2, 457,- 
642. 2 claims. Dec, 28, 1948. OfHcial Gaz. 
U. S. Pat. Office, 617, 4: 1178. 1948. 

Dehydrated lactalbumin may be suspended 
easily in colloidal form in water when made as 
follows: adjust pH to 7.3 to 8.0, add at 100° F. 
proteolytic enzymes derived from papain and 
pancreatic sources, increase temperature to in- 
activate the enzymes in 1 to 20 min., depending 
on the strength of the enzymes, and dry to form 
a stable powder. R. Whitaker 

226. De voorgestelde normalisatie der meth- 
oden ter bepaling van de Zuurheidsgraad van 
melk. (The standardization of the method for 
the determination of the acidity of milk) Eng- 
lish summary. C. 1. Kruisheer. Rykszuivel- 
station, Leiden, Holland. Netherlands Milk 
Dairy J., 2, 3: 127-136. July-Sept., 1948. 

The principal methods of determining milk 
acidity (Soxhlet -Henkel, Domic, ThbVncr, Mann 
and Van Norman) use different quantities of 
milk, sometimes diluted with water. Other dif- 
ferences are the quantity of indicator, the con- 
centration of alkali and the way of expressing 
results. 

Variation in alkali concentration and dilution 
of the milk can be considered the same factor. A 
slight amount of water makes little difference 
(Soxhlet-Henkcl, Domic, Mann), large amounts 
cause too low and unpredictable values (Thbmcr, 
Van Norman) by hydrolysis of calcium caseinate. 

Variation in the quantity of indicator causes 
large differences, especially if small amounts are 
used. It is best to use a rather large quantity, 
allowing accurate measurement and giving an 
easy color change with easily observable end 
point. 

The best way of expressing results would be 
in decimal units; the number of 0.1 cm.® of 0.1 N 
alkali for 10 cm.® of milk was proposed. By 
using 0.4 cm.® of 2% phenolphthalcin solution 
and titrating without dilution, the most desirable 
form of acidity determination suitable for stand- 
ardization was obtained. A. F. Tamsma 

227. Variations in milk and their effects on 
processing. Part I. How variations in the fat 
and total-s(ffids affect the properties of milk. 
W. 1. Tretsven. New Mexico A. and M. Col- 
lege, State College. Milk Plant Monthly, 37, 
11: 33. Nov., 1948 . 

The physical and chemical properties of milk 
are altered considerably by variation in milk 
composition. Since the total solids content of 
milk is relatively small in relation to the mois- 
ture content, any change in composition would 
exert the most pronounced effect on the fat, pro- 
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teiti, sugar and mineral portion of the milk. 
Milk fat, which is comprised of many fatty acids, 
jhows pronounced variations when analyzed 
chemically. This fact accounts for fats with 
high or low melting points, and this in turn al- 
ters many plant procedures, such as churning 
time and temperature, homogenization and sep- 
aration. Variations in protein content of milk, 
coupled witli the hydrophilic nature of this con- 
stituent, exert a pronounced influence on the 
physical and chemical properties of milk; pro- 
cessing may be altered to a considerable degree. 

J. A. Mciscr, Jr. 

228. Variations in milk and their effects on 
processing. Part 2. How variations in the pro- 
teins, salts, and the other components affect the 
properties of milk. W. I. Tretsven. New 
Mexico A. and M. College, State College. Milk 
Plant Monthly, 37, 12: 37, 73. Dec., 1948. 

Variations in the protein constituents of milk 
are not uncommon. Colloidal casein affects the 
color, viscosity, density and stability of milk, 
whereas the extremely hydrophilic albumin and 
globulin influence the creaming properties of 
milk, especially when exposed to pasteurization 
temperatures. Variations in lactose composition 
arc not uncommon in mastitis. Also, this com- 
ponent, due to its ease of crystallization, governs 
ice cream composition to a great degree. Al- 
though little is known about the true variations 
in the salt composition of milk, these changes 
definitely influence the heat stability and coagulat- 
ing properties of milk. Increased knowledge of 
milk components will affect future methods and 
proces.sing procedures in the dairy industry. 

J. A, Mciser, Jr, 

Also see abs. no. 213. 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

229. Pasteurizing system. R. E. Olson. (As- 
signed to Taylor Instrument Co.) U. S. Patent 
2,455,605. 3 claims. Dec. 7, 1948, Official Gaz. 
U. S. Pat. Office, 617, 1: 187. 1948. 

The novel feature of this HTST pasteurizing 
system is a T-shaped fitting having its opposite 
ends sealed with flexible diaphragms and con- 
nected, one with unpasteurized milk as it flows 
through the heater section and the other with 
the pasteurized milk as it flows through the cooler. 
Should the pressure on the pasteurized milk fall 
below that of the unpasteurized milk, the dia- 
phragms are depressed in such a manner to oper- 
ate an electrical switch which stops the unpas- 
teurized milk pump, thus preventing any possi- 
ble leakage of raw to pasteurized milk. 

R. Whitaker 


230. Method of sterilizing and preserving. A. 
Brasgh. (Assigned to Electronized Chemicals 
Corp.) U. S. Patent 2,456,909. 17 claims. Dec. 
21, 1948. Official Gaz. U. S. Pat. Office, 617, 3: 
833. 1948. 

Foodstuffs, including dairy products, may be 
sterilized without affecting flavor and physical 
properties, by bombardment with high speed elec- 
trons of a velocity equivalent to at least 1 million 
volts for 0.0001 sec. R. Whitaker 

231. Manufacture of ice cream. Refrigerating 
Engineering Application Data 41. Chester J. 
Bell, Chairman ASRE Technical Committee 
on Dairies and Allied Industries. Refrig. Eng., 
55: 1. Jan., 1948. 

A basic presentation of the varied items of 
ice cream manufacture covering make-up of ice 
cream mix, processing ice cream mix, freezing and 
hardening ice cream is given. Included is a 
representative flow diagram of ire cream plant 
equipment employing the continuous freezer, along 
with operating features and refrigeration appli- 
cations. Detailed calculations of refrigeration 
requirements are presented to illustrate refrig- 
eration loads involved in mix cooling, mix freez- 
ing and ice cream hardening. L. M. Dorsey 

232. Measurement of holding time of high- 
temperature, short-time pasteurizers. W. Jordan 
AND R. F. H()ll.\nd. Cornell Univ., Ithaca, N. Y. 
Milk Plant Monthly, 37, 11: 85. Nov., 1948 

Since the margin of safety is exceedingly small 
in the high-temperature, short-time pasteurizers, 
accurate timing of the holding period is essential. 
Injecting varying concentrations of salt (NaCl) 
into the holding tube and measuring by electri- 
cal conductivity the length of time neccs.sary for 
the salt to be discharged at the far end of the 
tube showed a .saturated solution of salt to be 
the most satisfactory for determining the holding 
period. It also was observed that the injected 
salt solution should be directed across the flow 
since comparisons of “again.st-thc-flow’* to “with- 
thc-flow” produced 0.7 sec. differences in the 
holding period as measured by this method. 
Spray-type nozzles were best for injecting the 
saturated salt solution. J. A. Meiser, Jr. 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

233. Important factors in your operating costs. 
L. C. Thomsen. Univ. of Wisconsin. Natl. But- 
ter Cheese J., 40, 1 : 74-76. Jan., 1949. 

Dairy plant operators must watch operating 
costs, particularly during period of general de- 



A52 


ABSTRACTS OF UTERATURB 


pression or inflation. With few ejcceptions^ the 
dairy industry returns a greater portion of the 
consumer’s dollar to the primary producer than 
any other industry. To maintain this favorable 
position great interest is shown in the importance 
of processing costs. 

In a simple method of expressing operating 
costs, these are classified broadly into the follow* 
ing groups: personal services; material costs; 
services; general expense; property expense; profit 
before dividends and interest; taxes. In the dairy 
industry wages paid to labor have increased ap- 
proximately 81% since 1939 with little increase 
in output per individual, indicating a similar in- 
crease in labor costs per unit output. A greater 
output per worker is advocated to compensate for 
this rise. The minimum figure for profit for the 
dairy industry should be 2.1% of gross income or 
12% of net worth. The ratio of net worth to 
gross income serves as a means of evaluation of a 
dairy business. This ratio should be approxi- 
mately 1 :5.7, The plant operator should depart- 
mentalize his cost figures to gain the utmost ad- 
vantage from them. H, E. Calbert 

234* Good will, the hidden treasure in busi- 
ness. Fred Merish. Milk Plant Monthly, 37, 
12: 60-62. Dec., 1948. . 

A discussion of factors necessary to purchase, 
compute and maintain good will is presented. 
Two methods for estimating the good will value 
of a dairy enterprise arc presented together with 
illustrations of the application of the methods. 

J. A. Mciscr, Jr. 

235. Problems in the operation of city milk 
plants. L. W. Hoyt. Detroit Creamery Co., 
Detroit, Mich. Milk Plant Monthly, 37, 12: 
104-106. Dec., 1948. 

The task of directing and coordinating milk 
processing today involves nothing more than 
utilizing sound fundamental plant-operating pro- 
cedures. This includes such basic items as: (a) 
regulated receiving, (b) proper production ac- 
counting, (c) adequate inventories, (d) utility 
checks, (e) product waste control, (f) minimized 
bottle breakage, (g) good housekeeping, (h) prod- 
uct control and (i) proper plant maintenance. 

The future necessitates solving additional prob- 
lems such as: (a) conversion to new type equip- 
ment, (b) increasing speed of plant operations, 
(c) designing more economical methods of ware- 
housing and (d) regulating the quality and ap- 
pearance of the product to meet new standards. 

J. A. Meiser, Jr. 

236* Medoswoet emphasizes dealers. £. R. 
Lucas. Ice Cream Trade J., 44, 12: 44, 45* 
Dec., 1948. 


This Tacoma, Washington, company attributes 
the steady and consistent growth in consumer ac- 
ceptance of its product to quality of product^ 
dealer education and point of sale promotion. 
The dealer education program consists of showing 
him how to dip ice cream correctly, how to make 
a profit by correct dipping and suggestive selling 
and the possibilities of the ice cream department 
in necessary sales in other departments. 

W. H. Martin 

237. What consumers think. Anonymous. 
Ice Cream Trade J., 44, 12: 41, 79-81. Dec., 
1948. 

The General Ice Cream Corp. of Schenectady, 
N. Y., assisted by 85 drug store owners in Con- 
necticut, has made a marketing research study in- 
volving 9,290 consumers. For a big majority, 
opening and closing hours were satisfactory and 
most of the customers said the packaged ice 
cream was kept hard enough to reach home in a 
satisfactory condition Many (31.5%) said that 
their home refrigerator would not keep ice cream 
satisfactorily. Fountain service was good, ac- 
cording to 84.5% of the replies and only 2.8% 
thought it was poor. A majority (54.1%) con- 
sidered 204 a fair price for a good soda and 55.1% 
thought 254 was a fair price for a good sundae. 
On the question of size of serving, 60.8% indi- 
cated a preference for a larger portion priced at 
304 to a smaller one at 204. The information 
obtained was supplied to dealers with comments 
on how to increase sales. W. H. Martin 

238. Safeguard your markets. £. J. Mather. 
National Dairy Products Corp. Ice Cream Trade 
J., 44, 12 : 50, 52, 63, 65, 88^92. Dec., 1948. 

The author recommends that manufacturers 
teach their dealers to price for profit dollars in- 
stead of for profit percentages as a means of main- 
taining and increasing per capita consumption of 
ice cream. W. H. Martin 

239. Collection time is selling time. R. W. 
Engee. Engle Dairy, Philadelphia, Pa. Milk 
Plant Monthly, 38, 1: 34-35. Jan., 1949. 

A comparison of cvery-othcr-week collection 
mdi weekly collection is made. The author main- 
tains that weekly collection allows routem<^ to 
contact working housewives more often, thus pro- 
moting future sales through personal contact 
Every-other-week collection, he maintains, builds 
up sales resistance since mounting milk bills tend 
to force the customer to eliminate the extras. 

J. A. Meiser, Jr. 

240. A customer solidtathm program. Ross 
Miller. Milk Plant Monthly, 38, 1: 46-47. 
JaiL, 4949* 
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This program requires that routemen submit 
a weekly list of 12 prospects or potential customers 
to the plant office. A 12-page booklet describing 
the operations of the company plus a form letter 
is sent to the prospective customer followed by a 
free bottle of milk. The driver then contacts the 
recipient 2 or 3 days later. This practice of soli- 
citation has been very successful in adding new 
customers. J. A. Meiscr, Jr. 

241. A year-round incentive plan. Ted Knight. 
Milk Plant Monthly, 38, 1: 60, 65. Jan., 1949. 

For each new customer picked up and retained 
for a 30-day period, the routeman receives a 
bonus of 50 cents per qt. for the month’s average 
daily delivery to the new customer plus the usual 
dairy products percentage. Wholesale routemen 
receive $2.40 for each case of milk ordered by a 
new customer for a 30-day period. 

J. A. Meiser, Jr. 

242. Don’t live off your reserves. H. J. Ashe. 
Milk Plant Monthly, 38, 1 : 48, 50. Jan., 1949. 

To maintain equipment and rolling stock it is 
extremely important that a depreciation reserve 
be maintained religiously; otherwise, earnings will 
be reduced because of antiquated equipment or 
accumulated replacement costs. 

J. A. Meiser, Jr. 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

243. Fermentation ability of ingesta from nor- 
mal and atonic bovine rumens. E. G. Stone. 
State College of Washington, Pullman. Am. J. 
Vet. Research, 10, 34: 2^29. Jan., 1949. 

Rumen ingesta from normal rumen-Estulated 
cows produced from 112 to 250 ml. gas when in- 
cubated for 4 hr., compared to 4,5 to 59 ml. from 
cows with atonic rumens operated on for removal 
of foreign bodies. Experimental traumatic rc- 
ticulitis or fasting 48 hr. produced the typical 
atonic rumen reaction. Volatile acidity of nor- 
mal rumen ingesta was 84 to 167 ml. 0.1 N, while 
from atonic rumen ingesta it was 24 to 88 ml. 

O. 1 N. Volatile acidity varied with time of feed- 
ing. £. W. Swanson 

GENETICS AND BREEDING 

N. L. VAN DEMARK, SECTION EDITOR 

244. A summary, breeding failure survey in 
Washington. R. £. Erb and A. O. Shaw. State 
College of Washington, Pullman. Proc. 29th Ann. 
Meeting, Western Div., Am. Dairy Sci. Assoc. 

P. 40. 1948. 

Analysis of 15 dairy herds which had exhibited 


a high incidence of breeding difficulties revealed 
that the following were associated with low breed- 
ing efficiency of the cows studied: poor nutrition, 
disease of the reproductive tract, short interval 
between parturition and insemination, irregular- 
ity of intervals between inseminations and low 
breeding efficiency of the sire. There was an 
indication that breeding difficulties were more 
frequent among cows born in the .spring of the 
year than among those bom at other seasons. No 
significant difference was found in the rate of 
conception following artificial insemination * as 
compared to natural breeding. 

N. L. Jacobson 

245. Results of the proved sire program in the 
Holstein herd at the University of Idaho. D. L. 
Fourt and R. H. Ross. Idaho Agr. Expt. Sta., 
Moscow. Proc. 29th Ann. Meeting, Western Div., 
Am. Dairy Sci. Assoc. P. 58. 1948, 

The continuous selection of sires on the basis 
of the type and production of their daughters re- 
sulted in an increase in the average butterfat pro- 
duction and an improvement in the type of the 
Holstein herd at the University of Idaho. 

N. L. Jacobson 

246. Factors influencing the methods of bovine 
semen evaluation. B. A. Ash and R. E. Erb. 
State College of Washington, Pullman. Proc. 
29th Ann. Meeting, Western Div., Am. Dairy Sci. 
Assoc. P. 76. 1948. 

Studies of undiluted bovine semen revealed that 
the survival time of sperm at 45® C. was greatest 
at concentration levels of 800,000 to 1,000,000 
sperm per cubic mm. The survival of undiluted 
semen in storage at 40® F. was correlated posi- 
tively with survival time at 45 ®C. and with the 
ascorbic acid levels of whole semen. A significant 
positive correlation was found between methylene 
blue reduction time and ascorbic acid values of 
semen. N. L. Jacohson 

Also sec abs. no. 195. 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

247. Milk pail cover. A. C. Weiby. (Assigned 

to Solar Corp.) U. S. Patent 2,460,049. 8 

claims. Jan. 25, 1949. Official Gaz. U. S. Pat. 
Office, 618, 4: 1129. 1949. 

A milk pail cover having a pair of tubes for at- 
taching the teat cup hoses and a pair for attaching 
to suction and pulsator is described. One control 
handle closes the latter and opens the former to 
permit removal of the cover from the pail for 
emptying. Turning the handle in the opposite 
direction reverses the valves and places the equip- 
pent in operation. R. Whitaker 
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248. Pressure Releaser Milker. F. G. Hodsdon. 

(Assigned to International Harvester Co.) U. S. 
Patent 2,458,779. 7 claims. Jan. 11, 1949. 

Official Gaz. U. S. Pat. Office, 618, 2: 543. 1949. 

The vacuum pulsations on a milker are passed 
through a scaled can. The milk from the teat 
cups enters this can and then is removed automati- 
cally through an outlet attached to a container 
within the can. Removal is accomplished by hav- 
ing a novel valve in the small container; this valve 
opens and fills the container when vacuum is ap- 
plied and then closes and forces the milk out the 
outlet when air pressure is applied. 

R. Whitaker 

249. Breaking lead halter for cattle. J. G. 

Lawrence. U. S. Patent 2,457,246. 2 claims. 
Dec. 28, 1948. Official Gaz. U. S. Pat. Office, 
617,4:1081. 1948. 

A halter suitable for leading cattle consists of 
a loop which encircles the animal’s nose and is 
held in place by a head strap. The loop is made 
of 2 curved members, hinged on top and bolted 
together on the bottom, each member carrying a 
short post and receiving ring on the top. 

R. Whitaker 

250. Cattle restraining device. H. Flour, Jr. 
U. S. Patent 2,458,582. 4 claims. Jan. 11, 1949. 
Official Gaz. U. S. Pat. Office, 618, 2 : 492. 1949. 

This device is placed across a gateway where 
the animals may enter it one at a time. The ani- 
mal within the device is restrained between two 
side members which are drawn together and 
clamped. The holder then may be swung to a 
horizontal position to facilitate surgical work, de- 
horning or branding. R. Whitaker 

251. Bull halter and controller. H. Masbruch. 
(Assigned to Russell Mfg. Co.) U. S. Patent 
2,458,717. 2 claims. Jan. 11, 1949. Official 
Gaz. U. S. Pat. Office, 618, 2: 526. 1949. 

The novel feature of this halter is a pair of 
blinders which cover the eyes of the animal allow- 
ing forward sight if the head is held high and pre- 
venting fordward sight if the head is lowered for 
charging. R. Whitaker 

252. A study of calf«raising facilities in the 
State of WasUngton. G. W, Scott, Jr., R. E, 
Erb, a. O. Shaw, R. O. Gilden and W. E. Mat- 
son. State College of Wash., Pullman. Proc. 
29th Ann. Meeting, Western Div., Am. Dairy Sci. 
Assoc. P. 70. 1948. 

Calves were raised satisfactorily in an open pen- 
type shed during the winter of 1947-48. Radiant 


heating units were unsatisfactory as substitutes for 
straw bedding for calves. 

Facilities available for calf raising in the state 
of Washington arc summarized. 

N. L. Jacobson 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

253. Ice cream packer. L. J. Gilcrest.. U. S. 
Patent 2,457,541. 2 claims. Dec. 28, 1948. Of- 
ficial Gaz. U. S. Pat. Office, 617, 4: 1154. 1948. 

A cylindrically-shapcd utensil for packing re- 
tail packages of ice cream is described. It is 
equipped with a handle to push the device down 
into ice cream and a piston which ejects the ice 
cream from the cylinder when pres.scd down by a 
handle which is attached to the piston. 

R. Whitaker 

254. Arden’s diced cream. Anonymous. Ice 
Cream Trade J., 45, 1 : 36. Jan., 1949. 

A new package for individual servings of ice 
cream and a filling machine has been developed. 
The carton, made of light, waxed paperboard, has 
a capacity of 3.5 fl. oz. and forms a 2-in. cube of 
ice cream. The cartons arc set up, filled with 
semi-frozen ice cream, closed by the machine and 
moved on a conveyor to a hardening room. 
Freezing is completed in 35 to 40 min., after 
which they are packed by hand in a heavy chip- 
board box for distribution to stores. New glass- 
ware also has been developed for use in dispens- 
ing this new form of ice cream. Quicker, more 
sanitary dispensing without dipping loss are some 
of the a'dvantages claimed for the new package. 

W. H. Martin 

255. 1948 gallonage expected to top 550 million 
gallons. Anonymous. Ice Cream Trade J., 44, 
12: 42, 68. Dec., 1948. 

On the basis of U.S.D.A. reports for the first 
10 mo. of 1948, which indicate a drop of 11% 
from the same period in 1947, the gallonage for 
the entire year will be about 550 million. 

W. H. Martin 

Also sec abs. no. 231, 236, 237, 238. 

MILK 

P. H. TRACY, SECTION EDITOR 

256. Cream dispenser. J. P. Jones. (Assigned 
to Dairy Specialties Co.) U. S. Patent 2,459,130. 
6 claims. Jan. 1 1, 1949. Official Gaz. U. S. Pat. 
Office, 618, 2: 633, 1949. 

Two holes are provided in the side of conven- 
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tional paper miUc bottles^ one at the lower cream 
level and one at the upper cream level. The holes 
are closed by a flap which may be swung down- 
ward to uncover the upper or upper and lower 
hole, for removal of milk or cream. 

R. Whitaker 

257. Milk container. J. P. Jones. (Assigned 
to Dairy Specialties, Inc.) U. S. Patent 2,457,822. 
4 claims. Jan. 4, 1949. Official Gaz. U. S. Pat. 
Office, 618, 1: 140. 1949. 

A square-shaped paper milk bottle is described 
which employs a perforated .shelf located at the 
level of the bottom of the cream line which facili- 
tates removal of the cream through a wall opening 
scaled with a partially severed closure tongue. 

R. Whitaker 

258. Some aspects of pasteurization in a market 
milk plant. A. G. F. Itzerott. Australian J. 
Dairy Technol. 3, 3: 91-95. July-Sept., 1948. 

The effects of low-temperature, holding (LTH) 
and high-temperature, short-time (HTST) meth- 
ods of pasteurizing milk on cream line and 
on bacterial destruction were compared. The 
temperature and time relationship was 145" F. 
for 30 min. for the LTH method and 162° F. 
for approximately 32 sec. for the HTST method. 
No serious reduction in cream line was observed 
using the LTH method unless the temperature ex- 
ceeded H8° F. or the holding period exceeded 
45 min. The HTST method likewise had little 
effect on cream line when measured immediately 
after pasteurization and cooling. Temperature.^ 
above 162° F. (prc,sumably with 32 sec. holding) 
materially reduced the cream line. Storage of 
milk after HTST pasteurization for 5, 8.5 and 16 
hr., with subsequent agitation prior to bottling re- 
sulted in a cream line reduction of 25, 36 and 45 
to 50%, respectively. With LTH pasteurization, 
cream line reduction after similar treatment did 
not exceed 10%. Plate counts of pasteurized milk, 
using Difeo tryptone-glucosc-extract medium with 
incubation at 37° C. for 48 hr., were obtained at 
intervals during 1 mo. before and 1 mo. after a 
change from LTH to HTST pasteurization. Dur- 
ing the period of LTH pasteurization, bacterial 
counts were somewhat lower than those obtained 
during the HTST pasteurization period. Direct 
comparisons between the two systems of pasteuri- 
zation using a split lot of the same milk were not 
made. Counts obtained after “laboratory pasteur- 
ization"’ agreed with counts obtained after LTH 
pasteurization but not with counts after HTST 
pasteurization. In accounting for the differences 
in bacterial destruction by the two methods of 
pasteurization, the suggestion was made that the 
physiological condition of the cells may be impor- 


tant, in that mature or aged cells may show a 
greater degree of heat tolerance to the HTST 
process than to the LTH process. 

J. C. Olson, Jr. 

Also see abs. no. 220, 223, 227, 228, 229, 232, 
235, 239, 240, 241, 259, 260. 

NUTRITIVE VALUE OF DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

259. Translating dietary allowances into foods 
and diets. L. A. Maynard. Cornell Univ., 
Ithaca, N. Y. J. Am. Dietetic Assoc., 25, 1: 18- 
20. Jan., 1949. 

The most significant of the changes in the new 
Recommended Daily Allowances is the increased 
recommendation for Ca in the adult diet. The 
mere addition of more milk and green leafy vege- 
tables in the diet is difficult, .since many of the 
food habits of adults would have to be changed, 
milk supplies in many localities are inadequate 
to meet present demands and, in .some cases, the 
incomes of families do not permit them to buy 
more milk. A desirable plan would be to in- 
crease the milk supply, not so much through agri- 
cultural production as through more efficient use 
of present supplies, better distribution and con- 
.sumcr education. Low income groups could be 
aided by extending public funds, now used to care 
for the sick, for use in preventing illness by pro- 
viding adequate diets for those unable to obtain 
them. In addition to providing more of the su- 
perior foods, such as milk, dietary improvement 
can be brought about through an improvement in 
the nutritional quality of foods now produced, 
processed and marketed. The establishment of 
nutritional standards for foods would involve too 
many difficulties, but the consideration of such an 
idea would bring before the public the need for 
superior nutritional quality of available food sup- 
plies. Elizabeth K. Wheeler 

260. Milk in human nutrition. C. P. Segard, 
M. C. Wisconsin Alumni Research Foundation, 
Madison. Milk Plant Monthly, 37, 12: 58-59, 
108-109. Dec., 1948. 

The author prc.sents a complete discussion of 
the importance of vitamins, milk solids, minerals 
and milk sugar in human nutrition. A discussion 
of the nutritional value of special milk products 
such as homogenized milk, “Vitamin D Milk” and 
fat-free milk also arc included. 

J. A. Mciser, Jr. 

261. Increasing the “invisible milk” in the 
daily food intake. M. B. Balsley, Nutrition 
Consultant. Evaporated Milk Assoc., Chicago, 



A56 


ABSTFEACTS OF LZTBBATUBB! 


111. J. Am. Dietetic Assoc., 25^ 1 : 58-64. Jan., 
1949. 

Adult diets are in need of revision in view of 
the present increase in the Recommended Daily 
Allowances for Ca from 0.8 to 1 g. More milk 
can be provided by including dishes prepared 
with milk. There is considerable variation in the 
amounts of milk used for the same dish in differ- 
ent recipe books. The selection of those recipes 
using larger quantities of mlik and more concen- 
trated sources, such as dried and evaporated milk, 
can increase considerably the milk consumption 
by adults. The inclusion of more cheese and 
ice cream in the diet is recommended. Additional 
milk may be used on cereals, in bread-making, on 
vegetables and in soups, main dishes and desserts. 
The planning of menus to supply regular amounts 
of milk in these ways can supplement reduced 
amounts consumed as a beverage by adults. 

Elizabeth K. Wheeler 

262. Effect of food supplements on growth, re- 
production and lactation. P. B. Junqueira and 
B. S. ScHWEiGERT. Tcxas A. & M. College, Col- 
lege Station. J. Am. Dietetic Assoc., 25, 1 : 46-49. 
Jan., 1949. 

A study was made of the adequacy, for growth, 
reproduction and lactation in the rat, of diets 
composed of basal mixtures of whole milk powder 
and whole wheat, supplemented with meat, casein, 
liver extract and other factors. Supplementing the 
basal diet with 11.4% of canned beef caused im- 
provement in the performance of the rats in each 
of these respects. When tlic basal ration contained 
16.7% whole milk powder, the addition of beef 
increased the average weaning weights of the 
young rats from 26 to 42 g. and the average num- 
ber of young bom to the female from 8 to 11. 
When whole milk powder composed 33.3% of the 
basal ration, the weights of the weanlings in- 
creased from 39 to 43 g. upon the addition of the 
beef. There was no further improvement in the 
number of young produced. Improvement in the 
reproductive performance of the animals was at- 
tributed to the additional protein and possibly 
other unknown factors provided by the beef. The 
addition of casein caused improvement as did the 
beef, but the liver extract appeared to have no 
effect. Elizabeth K. Wheeler 

263. Technik des Tierversuchs und seine Bedeu- 
tung fur die Bewertung von Milchproduktea. 
(The technic of the animal test and its im- 
portance for the evaluation of milk products.) 
English summary. Lactrone G. m. b. H. 
Die Milchwisscnschaft, 3, 5: 1-17-125. May, 1948. 

Six groups of 10 albino rats in each group were 
used in determining availability of riboflavin in 


dairy products. The basal diet consisted of 24% 
dry whey, 12% washed casein, 14% butterfat and 
50% potato starch. The six diets used were (a) 
basal diet with dry whey and casein replaced by 
skim milk (12 ml./animal/d.), (b) basal diet 
plus fresh whey (12 ml./animal/d.}, (c) basal 
diet only, (d) basal diet with dry whey replaced 
by roasted whey (held 1.5 hr. at 200® C.), (e) 
diet d plus 5% Fuller’s earth adsorbate (prepared 
from whey and containing primarily vitamins B^ 
and Bj), (f) basal diet with dry whey replaced 
by corresponding amounts of lactose, protein and 
minerals. Optimum weight gains were obtained 
with diet a followed by 5, c and d in the order 
named. The negative results obtained with diet 
/ were due to the absence of vitamins. The slow 
gains obtained with d and e were due to the harm- 
ful effect of roasting upon the proteins in the 
whey. The Fuller’s earth adsorbate of fresh whey 
could be used as vitamin B, source by the rats. 

Four groups of three guinea pigs in each group 
were used to determine the vitamin C content in 
the Fuller’s earth adsorbate of fresh whey. The 
basal diet consisted of 65% ground oats, 30% 
skim milk powder, 1% butter, 1% yeast, and hay 
ad libitum. The ground oats, milk powder and 
hay were exposed to 1 10® C. for 6 hr. to destroy 
the vitamin C. The four diets used were: (a) 
basal diet only, (b) basal diet plus 0.5 mg. ascor- 
bic acid/animal/d., (c) basal diet plus 20% 
Fuller’s earth whey adsorbate and (d) basal diet 
plus 40% Fuller’s earth adsorbate. The absence 
of vitamin C in Fuller’s earth adsorbate was es- 
tablished. I. Peters 

264. Uber den biologischen Wert des Eiweisses 
von Kefirpilzen im Vergleich zum Eiweiss der 
Milch, verschiedener Hefen und Schimmelpilze, 
sowie zum Kartoffeleiweiss. (On the biological 
value of the proteins of kefir fungi in comparison 
widi protein of milk, of various yeasts and molds 
and of potatoes.) English summary. H. Fink. 
Die Milchwisscnschaft, 3, 5 : 1 25-133. May, 1948. 

Albino rats were used in feeding trials to obtain 
biological values of proteins from yeasts, molds 
and potatoes and to compare them with milk 
proteins. The liver symptoms observed in feed- 
ing yeast proteins could be corrected in most in- 
stances by the addition of 0.2% L-cystine to the 
diet. By assigning to milk protein a biological 
value of 100, beer yeast was given 84; straw-pre- 
hydrolyzate yeast, W; bccchwood alkaline sulfite 
yeast, 34; wood sugar yeast, 33; ** Aspergillus 
orycae'\ 44; “Biosyn”, 53; and potato protein, 54. 
The type of yeast and its environment, such as 
growth medium, oxygen relationship, temperature, 
rate of growth, etc., are mentioned as possible 
factors controlling the biological value of the re- 
sulting protein. 
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The biological value of kefir protein was 90% 
of the value of milk protein and was the highest 
value obtained in plant proteins. Additions of 
cystine to kefir protein were unwarranted, since no 
liver symptoms were produced in 90-d. feeding 
trials. Possible reasons for the high biological 
value of kefir protein are: (a) symbiosis of bac- 
teria and yeast in kefir, (b) slow growth without 
aeration, (c) abundant supply of organic nitrogen 
and growth factors. ' I. Peters 

PHYSIOLOGY AND 
ENDOCRINOLOGY 

R. P. REECE, SECTION EDITOR 

265. Sulfamethazine blood concentrations in 
calves. C. R. Shroeder, M. Welsh, R. L. Burk- 
hart, AND P. H. Lancer. Lederle Laboratories, 
Pearl River, N. Y. Am. J. Vet. Research, 10, 34: 
63-65. Jan., 1949. 

Experiments with 2- to 3-mo. old normal calves 
showed that sulfamethazine accumulated in the 
blood on a dosage of 1 g./lb, body weight daily. 
Optimum dosage was 1 g./lb. on subsequent days. 
The drug also was administered successfully at 
the same rate in the milk fed the calf and by sub- 
cutaneous injection. No evidence of hematuria, 
inappetence or blood changes was noted. 

E. W. Swanson 

266. Studies on vehicles for sustaining penicillin 
levels in the bovine nummary glands. E. J. 
Foley, A. W. Stultz, S. W. Lee and J. V. 
Byrne. Wallace Laboratories, Princeton, N. J. 
Am. J. Vet. Research, 10, 34: 66-70. Jan., 1949. 

The penetration and persistence of single dosc.s 
of 100,000 units of penicillin in watcr-in-oil ve- 
hicles infused into the udder were studied. Ve- 
hicle A, containing mineral oil, water and lanolin 
derivatives, was slightly .superior to an aqueous 
infusion, retaining 1.5 to 2.0 units of penicillin/ 
ml. of milk at 36 hr., compared to none from the 
aqueous vehicle. Vehicle B, containing mineral 
oil, water, lanolin derivatives, propylene glycol 
and a nonionic wetting agent, persisted in the lac- 
tating gland longest, having 0.4 to 4 units of peni- 
cillin/ml. of milk at 72 hr. The vehicles were 
without clinical irritating effects. Dye in aqueous 
solution and in vehicle B showed in the excised 
udder that the effect of the water-in-oil emulsion 
was due to its general diffusion throughout the 
gland, while the aqueous solution went only 
slightly beyond the cistern area. E. W. Swanson 

267. The effect of lactation upon the ascorbic 
add values of whole blood and blood plasma. 
R G. Thomas, R. E. Erb and A. O. Shaw. 
State College of Washington, Pullman. Proc. 


29th Ann. Meeting, Western Div., Am. Dairy 
Sd. Assoc. P. 62. 1948. 

In a study of both lactating and non-lactating 
cows of the Holstein, Jersey and Guernsey breeds 
a correlation, which was highly significant statis- 
tically, was observed between blood plasma ascor- 
bic acid levels and pounds of milk produced per 
day. When the data for the dry cows were ex- 
cluded, only the Holsteins showed a significant 
correlation between the level of milk production 
and blood plasma ascorbic acid. 

N. L. Jacob.son 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

268. Control of insects and rodents in dairy 
plants. £. M. Searls, Sealtest, Inc., New York, 
N. Y. Milk Plant Monthly, 37, 11: 83. Nov., 
1948. 

No rodent-control program will be effective un- 
less rodent-proof barriers are constructed in all 
the openings leading into the building. Once this 
has been effected, trapping with a clap-type trap 
baited with foods that the rats like but don’t have 
access to has been very successful. Suggested 
baits are bacon rind, smoked fish, raw meat, pea- 
nut butter, vegetables, bananas and other fruits. 
Ten mouse traps and ten rat traps should be suf- 
ficient for the average-size plant. 

Insect control can be effected best using 5% 
DDT in an odorless kerosene base. Apply this 
solution to clean surfaces where the insects go to 
roost or hide. As kerosene evaporates, it will 
leave dry DDT crystals which arc toxic to insects 
for long periods. This procedure should be re- 
peated every 3 mo. J. A. Meiser, Jr. 

Also sec abs. no. 218. 

MISCELLANEOUS 

269. History of research dealing with problems 
confronting the dairy industry which have been 
conducted by the Agricultural Experiment Sta- 
tions. A. R. Conley. Ohio State University. 
Mimeograph. 219 pp. 1949. 

This publication is divided into two parts. The 
first part lists, by individual experiment stations, 
those bulletin publications during the interval 
covered which are concerned with material related 
directly or indirectly to the different phases of 
dairying. The second part arranges the publica- 
tions listed in the first part according to the subject 
matter treated, utilizing the title of the publica- 
tion as the basis for indexing. 

This is an interesting publication which un- 
doubtedly will be of value to many. However, 
many stations have published extensively outside 
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of their bulletin series; at other stations certain 
workers may have chosen to publish in journal 
articles. Therefore, because journal articles arc 
not included, this compilation may give consider- 
ably less than a true picture of either the program 
and publications of a particular station or the 
contributions which an individual has made. 

F. E. Nelson 

270. Dairy research under the Research and 
Marketing Act. £. A. Meyer, U.S.D.A. Milk 
Plant Monthly, 38, 1 : 36, 64. Jan., 1949. 

Increased efforts are being made under the 
Research and Marketing Act to promote the com- 
plete utilization of milk and its by-products, in- 
cluding such projects as the use of cheese whey in 
sherbets as the sole source of milk solids and the 
use of high grade dry buttermilk solids in ice 
cream. Economic studies relating to the sea- 
sonality of milk prices and the function of co- 
operatives in the development of milk-pricing 
plans and methods are being conducted, as are 
studies of the yields of a unit quantity of milk. In 
the production field, intensive experiments are 
being conducted to develop new strains of dairy 
cattle for hot and humid climates and for owners 
of small dairy herds. J. A. Meiser, Jr. 

271. Dependability of food Judges as indicated 
by an analysis of scores of a food-tasting panel. 
Andrea Overman, Oregon Agr. Expt, Sta., and 
Jerome C, R. Li, Oregon State College, Corvallis. 
Food Research, 13, 6: 441. Nov.-Dcc., 1948. 


A method of determining the reliability of flavor 
judgments by members of a food-tasting panel is 
described and discussed. In the example pre- 
sented, ten judges scored ten replicate lots con- 
taining five food samples having definite flavor 
variations. The results were analyzed in 2 ways. 
The score ranges, the number of duplicated judg- 
ments and the absolute deviations from the means 
revealed some of the more obvious differences 
among the judges. Analysis of variance was used 
to measure the consistency and the discriminating 
abilities of the judges. A high ability to recognize 
differences in samples, together with a low vari- 
ability in duplicating judgments, are .stated as 
being the marks of a good judge. F. J. Doan 

272. Significance in triangular taste tests. E. B. 
Roessler, j. Warren and J. F. Guymon. Univ. 
of Calif., Davis. Food Research, 13, 6: 503. 
Nov.-Dee., 1948. 

The “triangular” or odd-sample method of dis- 
tinguishing small differences in flavor between 
two food samples is described. The samples are 
presented in groups of three, two in each group 
being identical. Six orders of presentation are 
possible: AAB, ABA, BAA, BBA, BAB, ABB. 
When differences are questionable each taster 
should be served the samples in all six sequences. 
The results lend themselves to statistical analysis 
and a table showing the number of correct an- 
swers required to establish significant differentia- 
tion is presented. F. J. Doan 
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BOOK REVIEWS 

273. Milk Industry Foundation laboratory 
manual. Methods of analysis of milk and its 
products. 2nd cd. Milk Industry Foundation, 
1001 Fifteenth St., N. W., Washington 5, D. C. 
629 pp. $15.00. 1919. 

This is the second edition of the manual first 
published in 1933 by the International Associa- 
tion of Milk Dealers. Certain tests have been 
repeated in the new edition with present accepted 
modificatioiLs. Many new tests have been added 
in line with recent advances in research and 
technology. While emphasis is placed upon milk 
tests, methods are included for almost every 
dairy product and for certain non-dairy products 
as well. The foirn of presentation of subject 
matter is the same as in the first edition. 

The new edition is divided into 8 parts: the 
milk laboratory; microbiological control of dairy 
products; chemical coptro! methods for dair> 
products; physical control methods for daiiy 
products; miscellaneous and special tests of dain 
piodiuls; microbiological, chemical and physical 
tests for non-dairy products; preparation of media 
and reagents; and appendix. Over 175 different 
tests are described in sufficient detail to permit 
their performance in the laboratory with little 
or no additional reference work. Original 
.sources of information arc cited liberally. Of 
particular value is the suggested schedule of 
loutine laboratory procedure, describing the 
sampling and frequency of testing. This manual 
should provide an excellent handbook for the 
dairy plant laboratory technician, the govern- 
mental regulatory laboratory and the teacher. 

D. J. Hankinson 

274. Pregnancy diagnosis te.sts: a review. 
A. T. CowiE. 283 pp. 15 shillings. Joint Pub- 
lication No. 13. Commonw'calth Bureau of 
Animal Breeding and Genetics, Dairy Science, 
and Animal Health, Penglais, Aberystwyth, Great 
Britain. 1948, 

This book with nearly 2,000 references is an 
excellent compilation of the literature on various 
methods of pregnancy diagnosis in women and 


domestic animals. The first part of the book 
deals with clinical methods of diagno.sis in domes- 
tic animals; clinical methods for women pur- 
posely are omitted. Four chapters are devoted 
to tests dependent upon the presence in body 
fluids of gonadotropins, estrogens, progestogens 
and pregnandiol, and other honnoncs. Two 
more chapters deal with tests involving enzymic, 
and other biochemical investigations of body 
fluids and tissues. Chapters concerning tests 
based on physiological and immunological phe- 
nomena and physical properties of body fluids 
and tissues make up the latter part of the book. 
The author has placed his evaluation on the 
methods for the different .species concerned. By 
necessity the references discussed are treated 
briefly. This book should prove to be of value 
to practitioners and investigators in the field of 
human and animal reproduction as well as to 
many others in related fields. 

N. L. VanDcmark 

275. The chemistry and manufacture of In- 
dian Dairy Products. K. S. Rangappa and 
K. T. Agiiaya. 189 pp. $3.00. The Bangalore 
Press, Bangalore, India. 1948. 

The first part of the book deals with the gen- 
eral composition of the Indian milks (from cow, 
buffalo and goal), breeds of animals and the 
bacteriological aspects of production and storage. 
A brief reference has been made to some of the 
local milk products. Suitable comparative data 
of the European conditions have been presented 
The preparation of butter from the cultured milk 
has been treated in the second part. Of special 
interest is the third part, comprising almost half 
of the book, dealing with the production and the 
chemical aspects of Ghee, a heat-treated, clari- 
fied butterfat with remarkable keeping qualities 
under warm storage conditions. 

The authors have drawn heavily from the 
Indian workers in the field and the extensive 
references to the original papers enhance the 
value of the book. The printing also is sati.s- 
facotry. The authors deserve to be compli- 
mented for a clear and critical presentation of 
their material. A. T. Dudani 
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276. Odors. Physiology and control. Carey 
P. McCord^ The Industrial Health Conservancy 
Labs., and William N.' Witheridge, General 
Motors Corp., Detroit. McGraw-Hill Book Co., 
Inc., New York, N. Y. 1949. 

This is the first full-length technical book to 
appear in the United States that deals completely 
with the subject of odors, particularly those 
odors which are classified as offensive. It is a 
summary of the latest knowledge of the percep- 
tion, measurement, classification, control and 
elimination of odors and an appraisal of the 
significance of odors in relation to health, emo- 
tional life, economics and related legal problems. 

The physiology, chemistry and psychology of 
odors are given complete consideration. Then 
classification, measurement and detection with 
various methods of control and abatement follow. 
Finally, how to make an odor survey and legal 
aspects of odor nuisances complete the coverage. 
One learns that “Osmics” is the name of the 
field of science concerned with the sense of smell 
and that the thousands of materials (including 
milk and milk products) that lead to the sensa- 
tion of odor are termed “osmyls”. Some of the 
osmyls encountered in the dairy industry cannot 
be designated in the category of “pleasant’'. This 
book should be a shelf companion to Crocker’s 
Flavor, McGraw-Hill. 1945. L. M. Dorsey 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

277. Pasteurizmg and cooling cream and con- 
trolling butter ddects. £. J. Ferguson. Can. 
Dairy Ice Cream J., 27, 9: 90-92. Sept., 1948. 

The practice of cooling quickly, when a sur- 
face cooler is used, to 90® F. (where th^ fat be- 
gins to solidify), followed by slower cooling, is 
the first step toward control of body and texture 
defects in butter. The correct churning tem- 
perature is that which will chum cream ex- 
haustively in 45-50 min., developing granules 
between the sizes of peas and walnuts for cream 
testing between 35 and 40% butterfat. Cold 
washing of the butter granules at about 5 to 10® 
F. below churning temperature is the most im- 
portant .step in the control of body and texture 
defects. Tlie butter should be stored at 40® F. 

H. Pyenson 

278. Aluminum foil for packaging print butter. 
A. H. White. Can. Dairy Ice Cream J., 27, 
10: 27-31. Oct., 1948. 

Aluminum foil wraps for print butter as com- 
pared to parchment give greater protection to 
flavor quality, prevent the absorption of other 


food odors and flavors and eliminate oxidative 
defects due to light exposure. They minimize 
loss of weight due to evaporation of moisture 
from butter surfaces and thus maintain uniform 
color. The aluminum foil wraps can be used 
in automatic packaging equipment and make 
an attractive tightly-wrapped package. 

H. Pyenson 

279. Spezifisebes Gewicht und* Luftgehalt der 
Butter. (Specific gravity and air content of 
butter). English Summary. M. E. Schulz. 
Die Milchwisscnschaft, 3, 7; 196-201. July, 1948. 

Incorporation of air into butter during manu- 
facture results in larger volume, lower specific 
gravity, seams and dull, lighter color (in Alpha 
butter). 

A rapid method for the determination of the 
specific gravity of butter consists in immersing 
3 to 4 cm. plugs of butter from a trier into 
water-alcohol mixtures ranging in specific gravity 
from 0.85 to 0.95. A minimum of 3 plugs per 
sample should be examined. Most samples of 
Alpha butter examined were free of air, whereas 
chum butter contained from 3 to 5% air by 
volume and Fritz butter 5 to 10%. I. Peters 

280. Die Eiweisstoffe der Butter. (Proteinace- 
ous substances in butter). English summary. 
R. Neseni. Die Milchwissenschaft, 3, 7: 190-193. 
July, 1948. 

Butter samples from Sudeten German dairies 
were analyzed for (a) total protein, (b) casein, 
(c) albumin and (d) residual nitrogen by Al- 
men’s .tannic acid reagent. The values obtained 
on 63 samples of “Trade Mark” butter varied in 
a from 0.39 to 0.831% (av. 0.518%), in b from 
0.332 to 0.769% (av. 0.477%), and in c from 
0.011 to 0.042% (av. 0.024%). The values ob- 
tained on 46 samples of “Excellent” butter varied 
in a from 0.166 to 1.31% (av. 0.554%), in b 
from 0.121 to 1.02% (av. 0.488%), and in c 
from 0.013 to 0.055% (av. 0.026%). Analysis 
of the 109 butter samples after holding for 3 
mo. at 8 to 9® C. did not result in a shift of 
values between the individual protein fractions. 

I. Peters 

Also see abs. no. 275, 325, 326, 334, 341, 389, 
413. 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

281. Control of the moisture content and “body* 
firmness” of dieddar cheese. H. R. Whitehead, 
Dairy Research Institute, Palmerston North, 
New Zealand. J. Dairy Research, 15, 3: 387-397. 
May, 1948. 
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Cheesemaking experiments were carried out 
to investigate the moisture-retaining character- 
istics of curd made from milks of varying fat and 
casein content. Milk fat helps to retain moisture 
in a cheese curd. The higher the proportion of 
fat present the more drastic the treatment re- 
quired in the cheese vat to reduce the moisture 
content of the finished cheese to the desired level. 
Curd formed from milk of a low-casein content 
(from Friesian cows) retains moisture in the 
cheesemaking process more tenaciously than curd 
from milk of a high-casein content (from Jersey 
cows). The two effects tend to neutralize each 
other, but the ^'casein effect” is usually more 
powerful than the “fat effect”. It is not possible 
to conclude from the evidence available at pres- 
ent whether the “casein effect” is quantitative 
only, more moisture having to be removed from 
a low-casein curd, or whether there also is a 
qualitative difference between the caseins in Jersey 
and Friesian milk with an associated difference 
in moisture-retaining capacity. £. L. Thomas 

282. Flavor development in Cheddar cheese 
made from pasteurized milk. K. V. Kosikowsky 
AND A. G. Dahlberg. Can. Dairy Ice Cream J., 
27, 10: 70, 74. Oct., 1948. 

A popular article based upon J. Dairy Sci., 
31: 275-284; 285-292; 293-303; 305-314. 1948. 

283. The problem of liitter flavor in Cheddar 
cheese, E. G. Hood and C. A. Gibson. Can. 
Dairy Ice Cream J., 27, 11: 45-47. Nov., 1948. 

Contributing factors in causing bitterness in 
Cheddar cheese arc acidity, temperature and salt 
content. The two main factors arc pasteuriza- 
tion and lipase activity. Bitterness is intensified 
by higher pa.steurization temperatures and higher 
storage temperatures. H. Pyenson 

284. A comparison of the yields of Cheddar 
cheese. O. R. Irvine, L. R. Bryant, D. C. Hill 
and W. H. Sproule. Can. Dairy Ice Cream J., 
27, 11: 49-51. Nov., 1948. 

A comparison was made of the yields of cheese/ 
100 Ib. of milk from raw milk, from milk 
pasteurized at 143® F. for 30 min. and from milk 
pasteurized at 161® F. for 16 sec. The influ- 
ence of variations in moisture content of the 
cheese was eliminated by calculating yields on 
the basis of a 35% moisture content. TTie mean 
yields secured on 9 comparative trials were as 
follows: raw milk, 9.84; holder pasteurized, 
10.02: and high short-time pasteurized, 10.01. 
The high temperature method retained a higher 
proportion of the butterfat in the cheese than 
the raw milk. Holder pasteurized milk gave a 
mean rate of retention intermediate between the 


other two. The mean fat content of the whey 
was significantly lower for the vats of high short- 
time pasteurized milk than for either raw or 
holder pasteurized milk. H. Pyenson 

285. Cutting large cheese for retail sale. Owen 
R. Irvine. Can. Dairy Ice Cream J., 27, 12: 
27-29. Dec., 1948. 

In Canada a large 15-in. Cheddar is a standard 
size cheese for both export and domestic trade. 
A hydraulic cutter fitted with a special frame is 
used for cutting large cheese into 18 wedge- 
shaped pieces. A wire bow is used to slice off 
a layer of 18 prints. The wedge-shaped prints 
then have the point trimmed off and the weight 
checked and then are wrapped in transparent 
film. Ten 1-lb. prints are boxed so that the 
wedges form a rectangle. H. Pyenson 

286. Future possibilities for the cheese industry. 
E. W. Gaumnitz. Can. Dairy Ice Cream J., 27, 
9: 54-58. Sept., 1948. 

Some of the fators noted in the cheese indus- 
try are as follows: (a) production of all cheese 
has increased steadily, (b) cheese now is pro- 
duced in practically every state, (c) the govern- 
ment purchases 400 million lb. of cheese annually 
on the basis of grade, (d) manufacturing methods 
have been inproved generally, (c) extensive 
use of cheese by the armed forces popularized 
cheese, (f) the position of cheese was enhanced 
by putting it in the category of meat, (g) the 
reduction of imports helped the development of 
competing domestic varieties, (h) consumer- 
type packages for American types of cheese have 
been developed, (i) more varieties of cheese of 
better quality have been put in packages more 
acceptable to consumers, (j) the per capita con- 
sumption of cheese has increased steadily, par- 
ticularly in the last few years. 

Some of the problems that have become ap- 
parent in the past few years are: (a) making of 
cheese from pasteurized milk (b) more stringent 
regulations with reference to waste disposal, (c) 
increased attention to extraneous matter and (d) 
more efficient utilization of whey. 

H. Pyenson 

287. Storage of cottage cheese. H. S. Willard, 
Ohio State Univ., Columbus. Milk Plant 
Monthly, 38, 3: 87, 92. Mar., 1949. 

Several methods of manufacturing and storing 
cottage cheese are discussed. Advantages and 
disadvantages of the different processes are listed. 

J. A. Mciscr, Jr. 

Also see abs. no. 297, 301, 307, 308, 330, 333, 
349, 389. 
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CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

288. The bacteriological qualit)' of British 
spray-'dried milk powder. Constance Higgin- 
BOiTOM, Hannah Dairy Research Institute, Kirk- 
hill, Ayr, Scotland. J. Dairy Research, 15, 3: 
277-279. May, 1948. 

Plate counts on weekly samples of spray-dried 
milk obtained from 8 plants in Great Britain 
during the years 1942 and 1943 are presented. 
A definite improvement in the bacteriological 
quality of the milk powder was noted in 1943 
after the introduction of a preheating temp, of 
190® F. Prior to this time a preheating temp, of 
165° F. had been used in all spray-drying plants 
included in this report. E. L. Thomas 

289. Keeping quality of dried milk and milk 
products. P. H. Tracy.. Cherry-Burrell Circle, 
pp. 3-5, 22. Mar.-April, 1949. 

Present knowledge concerning dried whole 
milk is .summarized in some detail with a number 
of references to the literature. Dried whey also 
is discussed. F. E. Nelson 

290. Deterioration on storage of dried skim 
milk. Part I. Introduction. Kathleen M. 
Henry, S. K. Kon, C. H. Lea and J. C. D. White. 
Part II. Preparation, packing and storage of the 
experimental powders. C. H. Lea and J. C. D. 
White. Part III. Physical, chemical and 
palatability changes in the stored powders. C. 11. 
Lea and J, C. D, White. Part IV. Changes 
in the biological value of the proteins. Kath- 
leen M. Henry and S. K. Kon. Part V. 
Microbiological assay of **essentiar’ amino tacids. 
Kathleen M. Henry, S. K. Kon, C. H. Lea 
AND J. C. D. White. Part VI. General discus- 
sion and appendix. Kathleen M. Henry, S. K. 
Kon, National Institute for Research in Dairying, 
Reading, England, C. H. Lea, Low Temperature 
Station for Research in Biochcmi.stry and Bio- 
phy.sics, Cambridge, England, and J, C. D. 
White, Hannah Dairy Research Institute, Kirk- 
hill, Ayr, Scotland. J. Dairy Research, 15, 3: 
292-363. May, 1948. 

This is a detailed report of the results of a 
large-scale experiment conducted by the three co- 
operating research in.stitutes to inquire fully into 
the changes occurring during storage of dried 
skim milk. 

Little physical or chemical change was ob- 
served in the powders with moisture contents of 
3 and 5%, except in palatability and gas ex- 
change at the higher storage temperatures. The 


high moisture powder ( 7,6% ) rapidly became un- 
palatable, discolored and insoluble. Its pH, free 
amino-nitrogen and soluble lactose content fell, 
whereas the amount of sugar attached to the pro- 
tein and the reducing power towards ferricyanide 
increased. Oxygen was absorbed and CO 2 pro- 
duced. It was concluded that the major cause 
of deterioration in powder of high moisture con- 
tent, particularly at high storage temp., is a reac- 
tion involving the free amino-groups of the milk 
protein, which consist mainly of the eta-amino- 
groups of the lysine residues. The primary re- 
action appears to be between the protein amino- 
groups and the potential aldehyde group of 
reducing sugar. The reaction takes place in at 
least two stages, the primary combination result- 
ing in neither discoloration nor loss of solubility, 
which follows only as a result of secondar>' 
changes, which are not understood fully. The 
temperature coefficient of the formation (and de- 
gradation) of the protein-sugar complex is high 
(at least 6), and moisture contents which can be 
tolerated under moderate temperatures for long 
periods will be unsatisfactory at high tempera- 
tures. Physical and chemical properties which 
depended essentially on the pirotcin-sugar reac- 
tion were influenced only slightly by the prcsejice 
of oxygen. 

The protein-sugar reaction results in “heated’' 
or “caramelized” flavors in the gas-packed pow- 
ders and “stale” and “gluey” flavors in the air- 
packed powders. Evidence was obtained of an 
oxidative reaction, independent of the protein- 
sugar change, which produces an off-flavor in 
pow'ders stored for long periods at moisture con- 
tents tod low for the protein-sugar reaction to 
occur. It is believed that the small amount of 
fat present is involved. The above factors indi- 
cate a decided advantage for gas-packing under 
all conditions. 

Crystallization of lactose, which occurred only 
in the powder of highest moisture (7.6%), in- 
creases the activity of the residual water in the 
sealed container and further accelerates deteriora- 
tion. 

The biological value of the proteins of dried 
skim milk of 7.6% moisture content decreased 
progressively during storage in air at 37° C. from 
a value of 86.9 for the first 8 d. to 65.9 after 85 d. 
True digestibility of this powder did not alter 
after 1 mo. of storage, but a significant decrease 
of 5-6% occurred by the end of 2 mo., with little 
change thereafter. 

At the lower storage temperature of 28.5° C. 
the biological value and true digestibility of the 
protein at the end of 6 mo. was comparable to 
those of a sample stored for 1 mo. at 37° C., in- 
dicating a six-fold difference in the rate of change. 
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Powder with a 5% moisture content showed an 
unchanged biological value of its proteins after 
6 mo. storage at 37^ G., though the true di- 
gestibility of the proteins decreased significantly 
by 4%. Dried skim milks of lower moisture 
content were not examined, as chemical tests 
showed they suffered little deterioration under 
any conditions of storage. 

Microbiological tests of fresh and stored dried 
skim milk showed a definite apparent loss of 
lysine in deteriorated powder, the loss being 
greater when measured after enzymic than after 
acid hydrolysis. The maximum deficiency of ly- 
sine was about 40% of the original content of 
this “essentiaf’ amino acid. A slight loss of 
histidine also was probable, and of arginine and 
methionine possible, but the reproducibility of 
the methods was not sufficient to establish these 
with certainty. Restoration of the approximate 
original biological value of the proteins in a sam- 
ple stored for 60 d. at 37® C. in nitrogen was 
obtained by the addition of 1.25% lysine. An 
increase in the true digestibility of the proteins 
and in protein efficiency also was observed, but 
the values fell short of those obtained for the 
control milk. The addition of histidine as well 
as lysine caused a further slight improvement in 
the protein efficiency of a sample of deteriorated 
milk which had been stored for 60 d. at 37® C. 
in air, but arginine was without effect. The 
authors emphasize that it seems likely that under 
all conditions of storage skim milk powder will 
become unpalatable beforfc it suffers any appreci- 
able loss in the nutritive value of its proteins. 

A discussion is presented in which the conclu- 
.sions reached from the various approaches to the 
problem are considered in relation to one another. 

£. L. Thomas 

291. The manufacture of powdered cream. 
P. H. Tracy. Can. Dairy Ice Cream J., 27, 
11:52-53. Nov., 1948. 

As with fluid cream, reconstituted cream stand- 
ardized to 30-34% butterfat whipped by aera- 
tion produced a better whipped product than that 
( ontaining less butterfat. The addition of added 
m.s.n.f. was beneficial up to approximately 8%. 
Emulsifying agents such as sorbitan monostearate 
aid in obtaining overrun, good body and texture, 
and dry appearance of the product whipped by 
aeration. There were no noticeable differences 
in whipping properties of the reconstituted creams 
sprayed from various size nozzles. High spray 
pressures were detrimental to the whipping ability 
of the reconstituted cream. Inert gasses delayed 
oxidized flavor development. The addition of 
onti-oxidants like N.D.G.A., gallic acid and Vio- 
bin to powdered cream, especially when nitrogen 


packed, increased the shelf life of the powder. 

H. Pyenson 

292. Concentrated milk and the ice cream in- 
dustry. D. B. OooDwiLLiE. Can. Dairy Ice 
Cream J., 28, 1: 27, 29, 72. Jan., 1949. 

The concentrated milks discussed are plain 
condensed milk, dry whole milk, dry skim milk, 
dry buttermilk, dry ice cream mix and dry cream 
for whipping. H. Pyenson 

293. Problems of experimental condensing and 
.spray drying. H. Shipsteao and R. L. Perry, 
Univ. of California, Davis. Proc. 29th Ann. 
Meeting, Western Div., Am. Dairy Sci. Assoc. 
Pp. 90-101. 1948. 

A laboratory spray drier and a small milk- 
condensing unit are described. Drawings of the 
units are shown and the results of two trials with 
the drier are presented. H. B. Naylor 

294. Untersuchungsmethoden fiir Milone. 
(Methods for analysis of Milone.) English sum- 
mary. K. Kumetat. Die Milchwissenschaft, 3, 
7: 193-196 July, 1948. 

Analysis of the alcoholic whey beverage “Mi- 
lone” resulted in values as follows: specific grav- 
ity, 1.0047; alcohol, 0.82% by volume; total acid- 
ity (expressed as lactic acid), 0.63% volatile acids 
(expressed as acetic acid), 0.083%; ash, 0.31%; 
dry matter, 1.25%; lactose, 0.18% and protein, 
0.19%. Analytical methods arc given. 

I. Peters 

Also sec abs. no. 304, 305, 316, 319, 329, 399. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

295. Inhibitory strains of lactic streptococci 
and their significance in the selection of cultures 
for starter. Margery Hoyle and Agnes A. 
Nichols, Univ. of Reading, Reading, England. 

J. Dairy Research, 15, 3: 398^08. May, 1948. 

From 56 “wild” strains isolated from sour milk 
for use as starter strains, 19 (34%) were found 
to be inhibitory. Since the inhibitory strains 
came from eight samples of milk it is likely that 
some of the strains may have been identical. 
Fifty-nine (27%) inhibitory strains from 220 
“cultivated” strains of Streptococcus cremoris 
were obtained out of a large collection of starters. 
Several of these inhibitory strains also may have 
been similar since they were obtained from only 
13 starters. All of the inhibitory strains from 
starter were S. cremoris w'hile those from “wild” 
sources were classified as Streptococcus lactis, al- 
though several of the latter gave atypical reactions 
to some differential tests. 
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The importance of testing individual strains 
of lactic streptococci for inhibitory properties is 
emphasized, especially when strains are prepared 
separately to be mixed later. The intportance of 
this fact in connection with slow acid development 
in chccscmaking is considered. Methods are de- 
scribed for determining the concentration of in- 
hibitory substance produced and the effect of 
these inhibitory strains on a wide selection of 
lactic streptococci. E. L. Thomas 

296. The identity of streptococci from starter 
and of streptococci, suitable for use as starter, 
isolated from sour milk. Agnes A. Nichols 
AND Margery Hoyle, National Institute for Re- 
search in Dairying, Reading, England. J. Dairy 
Research, 15, 3: 409-416. May, 1948. 

277 strains of lactic streptococci isolated from 
commercial starters and 72 strains from souring 
milk, suitable for cheesemaking, were identified. 
All the starter strains examined were Strepto^ 
coccus cremoris and those (with two possible ex- 
ceptions) from the sour milk were Streptococcus 
lactis. Since the strains from each source were 
so similar, the information obtained did not help 
in the selection of the strains within each group 
most suitable for starter. Action in litmus milk, 
hydrolysis of arginine, and ability to grow in lit- 
mus milk at 40® C. (104® F.) usually will be 
sufficient to differentiate clearly between S. lactis 
and S. cremoris. E. L. Thomas 

297. The problem of bacteriophage in relation 
to cheese starters. C. C. Prouty. Can. Dairy 
Ice Cream J., 27, 9: 46-48. Sept., 1948. 

Bacteriophage is the major cause of slow starter. 
Bacteriophage is a virus living as a parasite upon 
the bacterial cell. Bacteriophage are not de- 
stroyed until a temperature of 158° F. and an ex- 
posure period of 15-30 min. is obtained. They 
also are more resistant than bacteria to drying, 
storage and action of acid and alkalies. Bacterio- 
phage can be destroyed by 500 p.p.m. chlorine 
concentration in 1 min., and by hypochlorite mists 
over a temperature range of 30-80° F. if the 
room has over 50% humidity and the hypo- 
chlorite has a concentration as little as 0.02 to 
0.003 p.p.m. Generally a bacteriophage strain 
will be active against one specific strain of lactic 
acid bacteria. With the appearance of slow 
starter in a cheese factory, a new starter carry- 
ing a different or several different strains is placed 
in use. Starter rotation may help to control bac- 
teriophage by avoiding the building up of a high 
concentration of any one bacteriophage strain. 
Resistant strains of lactic acid bacteria can be 
developed from a bacteriophage-susceptible strain 
by prolonged incubation of the culture. 


The initial source of bacteriophage in a cheese 
factory is difficult to determine. Once it is es- 
tablished in the cheese factory, it will develop 
rapidly in the cheese vats as it survives pasteuri- 
zation. The whey* separator and whey storage 
vats should be located in a separate room from 
the cheese vats, as the whey may seed succeeding 
vats of milk with bacteriophage. In New Zea- 
land, workers advocate the use of a separate 
building in which to propagate the chee.se starter 
for daily use to prevent contamination from bac- 
teriophage. H. Pyenson 

298. Studies in the bacteriology of milk. I. 
The streptococci of milk. Y. Abd-El-Malek 
AND T. Gibson, College of Agriculture, Edin- 
burgh, Scotland. J. Dairy Research, 15, 3: 233- 
248. May, 1948. 

This is the first of a series of papers in which 
the authors report upon investigations designed 
to provide a clearer picture of the composition 
of the bacterial populations in different types of 
milk. 

The present paper deals with the frequenc*y of 
occurrence of individual species of streptococci in 
raw and pasteurized milks of varying purity. 
Samples were examined in the raw state and also 
after laboratory pasteurization at 63° G. (145.4° 
F. ) for 30 min. Some of the pasteurized samples 
were held for further observation at various tem- 
peratures between 10 and 22° C. until a taint and 
other signs of bacterial action had appeared. De- 
tails of methods employed for the identiiication 
of species are given. 

Twenty-two out of 23 .samples of raw milk 
yielded streptococci. Of the 22 positive samples. 
Streptococcus kefir was detected in 19 samples, 
Streptococcus lactis in 17, mastitis streptococci 
in 16, Streptococcus cremoris in 10, Streptococcus 
faecalis in 7, Streptococcus citrovorus in 3, and 
Streptococcus bovis in 2 samples. 

Thirty-three out of 54 samples of fresh pas- 
teurized milk yielded streptococci. Streptococcus 
thermophilus was detected in 28 of the samples, 
S. bovis in 25, S. faecalis in 6, and S. kefir in 5. 
Pasteurized milk held at 10-22° C. until it be- 
came tainted yielded S. kefir and S. faecalis at 
the lower temperatures and, at the higher tem- 
peratures, S. bovis and S. thermophilus. 

The authors report that a notable feature of 
the results is the prevalence of S, kefir. This or- 
ganism was isolated from all classes of raw milk 
with greater frequency than S. lactis and although 
it suffered considerable destruction during pas- 
teurization, it frequently became the dominant 
.species in pasteurized milk stored at 10-22° G. 

The streptococci occurring in raw and pasteur- 
ized milk were placed in five main groups by test- 
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ing for the hydrolysis of arginine, growth at 45° C. 
and at 8-12° C,, survival in milk at 63° G. for 
30 min. (measured by a semi-quantitative plating 
method), action on litmus milk, and ability to 
form CO 2 from glucose (tested by a cultural 
method). The live groups thus distinguished 
were; (1) organisms of bovine mastitis; (2) S. 
bovis and S. thermophilus; (3) S. laclis and S. 
cremoris; (4) S. faecalis and its varieties and (5) 
heterofermentative streptococci {S. kefir and S. 
citrovorus predominating), R. L. Thomas 

299. Studies in the bacteriology of milk. 11. 
The staphylococci and micrococci of milk. Y. 
Abd-El-Malek and T. Gibson, College of Agri- 
culture, Edinburgh, Scotland. J. Dairy Re- 
search, 15, 3: 249-260. May, 1948. 

A total of 598 cultures of staphylococci and 
micrococci from milk and dairy equipment were 
studied in detail. These were isolated as follows: 
248 from the cow’s udder (milk drawn asepti- 
cally), 76 from raw milk, 242 from pasteurized 
milk and 32 from pasteurized rinsings of dairy 
equipment. For purposes of comparison, 201 ad- 
ditional cultures from other known sources also 
were examined. Details of the laboratory meth- 
ods used are gis'cn, as well as a critical discussion 
of the limitations of the various criteria for identi- 
fying species. 

As u result of the present study, the authors 
have devised a classilicatlon of representatives of 
the Staphylococcus-Micrococcus complex occur- 
ring in milk. According to their general char- 
acter the strains could be arranged in a virtually 
continuous series. At one extreme is placed the 
pathogenic staphyloccus and at the other a 
thcrmoduric saprophyte. The series consists of 
three main groups as follows: 

“(1) The staphylococcus group in which the 
organisms are sugar fermenters and relatively sen- 
sitive to heat. They arc, mainly at least, para- 
sites of the animal body. Four subgroups are 
distinguishable. In three ammonia is formed 
from arginine, and in two acetoin is formed from 
glucose. A test for acetoin production dehnes 
those mannitol fermenters which do not produce 
coagulase. 

“(2) An intermediate group in which the or- 
ganisms are obligate aerobes and do not produce 
acid from sugars. 

“(3) The dairy micrococci, a group of thcrmo- 
duric sugar fermenters which occur frequently on 
dairy equipment and in pasteurized milk. The 
group comprises two species conforming to Micro- 
coccus luteus Cohn emend. Lehmann and Neu- 
mann, and Micrococcus varians (Dyar) Migula.” 

£. L. Thomas 


300. The microbacteria. 1. Morphological 
and physiological characteristics. R. N. Doetsgh 
AND M. J. Pelczar, Jr., IJniv. of Maryland, 
College Park. J. Pact., 56, 1 : 37-49. July, 
1948. 

The history of the classification of the members 
of the genus is reviewed. Eighteen cultures were 
studied to observe microscopic, cultural and 
physiologic characteristics. These included five 
original isolations made from milk following lab- 
oratory' pasteurization. Thermal resistance, while 
valuable for isolation purposes, was not a satis- 
factory characteristic for classiheation. A key 
is presented to describe three species: (1) Micro- 
bacterium sp., (2) A/, lacticum and (3) M. 
flavum. D. P. Click 

301. Bacteria in farmer’s milk which survive 
pasteurization and subsequently grow during 
cheese making. 1. Erichsen and N. S. Gold- 
ing, State Gollege of Washington, Pullman. 
Proc. 29th Ann. Meeting, Western Div., Am. 
Dairy Sci. Assoc. Pp. 110-116. 1948. 

Thirty-seven samples of raw milk from different 
producers were studied to determine the effect of 
incubation temperature on plate counts made be- 
fore and after laboratory’ pasteurization. Stand- 
ard methods were followed with the exception 
that cabbage extract was added to the standard 
agar. The incubation temperatures studied were 
30 and 37° C. Incubation temperature had a 
marked influence on raw milk counts, and on 
pasteurization eflicicncy calculated from counts on 
laboratory pasteurized samples. 

The ability of pure cultures isolated from pas- 
teurized milk plates incubated at 30 and at 37° C. 
to grow in milk incubated at temperatures and 
times comparable to those used in cheesemaking 
was determined. About 25% of the 106 cul- 
tures tested showed considerable growth under 
cheese-making conditions. H. B. Naylor 

302. Studies on heat resistance. I. Increasing 
resistance to heat of bacterial spores by selection. 
Franklin L. Davis, Jr,, and O. B. Wilijams, 
Univ. of Texas, Austin. J. Bact., 56, 5: 555-559. 
Nov., 1948. 

Using sptjres of Bacillus globigiiy it is shown that 
there is a graded resistance to heat among the 
spores of a population. By selecting the sur- 
vivors of heated spore suspensions, an increase in 
resistance was observed. D. P. Glick 

303. Studies on heat resistance. II. Compari- 
son of resistance to heat with resistance to dis- 
infectants. Frankun L. Davis, Jr., Orville 
Wyss and O. B. Wilijams, Univ. of Texas, 
Austin. J. Bact., 56, 5: 561-567. Nov., 1948. 
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When spores of a culture of Bacillus globigii 
and of a heat-resistant variant derived from the 
parent culture were plated in parallel in agar 
media containing various amounts of gentian 
violet, mercuric chloride or streptomycin, both 
strains were inhibited similarly by increasing con- 
centrations of the bacteriostatic agents. However, 
the spores of the heat-resistant strain exhibited 
greater resistance to the killing action of iodine 
and of phenol. D. P. Click 

304. Dye-reduction tests in the bacteriological 
examination of dried milk. Constance Higgin- 
BOTTOM, Hannah Dairy Research Institute, Kirk- 
hill, Ayr, Scotland. J. Dairy Research, 15, 3: 
280-284. May, 1948. 

Results from both the methylene blue-reduction 
and the resazurin-rcduction tests on reconstituted 
spray-dried milk showed very poor correlation 
with plate counts at either 37 or 30° C. and w'ith 
keeping quality. E. L. Thomas 

305. Bacterial growth in reconstituted spray- 
dried milk. Constance Higginbottom, Hannah 
Dairy Research Institute, Kirkhill, Ayr, Scotland. 
J. Dairy Research, 15, 3: 285-291. May, 1948. 

Over 200 samples of spray-dried milks from 8 
British plants were examined for total and spore 
counts, numbers of beta-haemolytic colonics, 
molds, yeasts and coliform bacteria. Results arc 
reported for the freshly reconstituted products and 
also after aging the reconstituted milk for 24 hr. 
at 15.5° C. and at 22° C. Predominating or- 
ganisms present in a random selection of samples 
arc described. The relation of the flora of re- 
constituted milk to its food-poisoning potentialities 
is discussed briefly. E. L. Thomas 

306. Carbon assimilation tests for the classifica- 
tion of yeasts. L. U. Wickerham and K. A. 
Burton, Northern Regional Research Laboratory, 
Peoria, Illinois. J. Bact., 56, 3: 363-371. Sept., 
1948. 

This is an extension of the senior author’s 
earlier work on fermentation tests and nitrogen 
assimilation tests. The basic medium is synthetic; 
it contains vitamins in pure form instead of yeast 
extract or other crude vitamin carriers. Sevent) 
carbon compounds have been tested on 100 strains 
of yeasts, representing 22 genera, for preliminary 
classification of the compounds. These are pre- 
sented in nine categories of usefulness. The ad- 
vantages of assimilation tests arc emphasized in 
comparison with the less satisfactory fermentation 
tests. D. P. Click 

307. Physiological reasons for the dominance of 
Penicillium roqueforti in blue veined cheese. 


N. S. Golding and D. D. Miller, State College 
of Washington, Pullman, Proc. 29th Ann. Meet- 
ing, Western Div., Am. Dairy Sci, Assoc. Pp. 
122-129. 1948. 

Cultures of Penicillium roqueforti, Penicillium 
expansum and Oospora lactis, cultured on malt 
agar at 55° F., were compared as to ability to 
grow in atmospheres of different CO 2 and O 2 
content. It was found that P. roqueforti was not 
inhibited by COj until a concentration of over 
30% was reached. The other cultures were in- 
hibited measurably at the 10% level. On the 
other hand, P. roqueforti was inhibited to a 
greater extent than the other cultures when the 
O 2 content was less than 4%. There was no 
growth of P. roqueforti at Og levels below 0.8%, 
whereas P. ex pansum showed growth at the 0.3% 
level and O. lactis grew at even lower concen- 
trations. 

Since the ranges of COg and O 2 concentrations 
in blue veined cheese are 21.14 to 40.95% and 
2.42 to 7.00%, respectively, it was concluded that 
the reason for the predominance of P. roqueforti 
ill blue cheese is due to the high CO 2 content and 
not to the low Oj content. H. B. Naylor 

I 

308. The control of mold. D. D. Miller. 

Gan. Dairy Ice Cream J., 27, 9 : 60-64. Sept., 
1948. . m 

A very low concentration of carbon dioxide 
may stimulate rather than inhibit mold growth, 
particularly at a storage temperature of 70-80° 
F. High concentrations inhibit mold growth es- 
pecially at low storage temperatures. Probably 
the best method to inhibit mold growth by use 
of gas at cool temperatures is to reduce the Oo 
present to a minimum and then to add a fairly 
high concentration of COj. In the vacuum can- 
ning of cheese, the small amount of Oj in the 
can, the CO 2 formed by fermentation in ripening, 
the conversion of the Og in the can to COg by 
aerobic growth of molds and other organisms all 
tend to prevent mold growth. The use of COg 
in the inhibition of molds may be applied to the 
('anning of cheese, and cheese and butter rooms 
properly built to allow the addition and retention 
nf a given concentration of COg. H. Pyenson 

309. Bacteriological changes during the fer- 
mentation of steamed potatoes for sihge. J. L. 
Etciiells and I. D. Jones. J. Agr. Research, 
78, 1 and 2: 19-31. Jan. 1 and 15, 1949. 

Thermophilic, facultative anaerobes were the * 
predominating microorganisms during the fer- 
mentation of hot-ensiled steamed potatoes (Sot- 
anum tuberosum) and were responsible for the 
developed acidity and resultant preservation of 
the silage. These bacteria are considered to be 
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non-gaS'producing, acid-forming, spore-bearing 
rods, which arc facultative with respect to oxygen 
and temperature requirements. These organisms 
may be classified, according to Bergey et aL, as 
thermophiles belonging in group X of the genus 
Bacillus. H. Pyenson 

Also sec abs. no. 288, 290, 372, 407. 
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310. Investigations on the composition of South 
African milk. IV. The influence of monthly 
variations in air temperature and rainfall on the 
composition of milk. S. Bakalor, Agricultural 
Research Institute, Pretoria. Farming in S. 
.Africa, 23, 265; 271-282. April, 1948. 

The relationship of air temperature and amount 
of rainfall to the fat and solids-not-fat content of 
milk was determined for various areas in .South 
Africa. There was no correlation between mean 
fat content of milk and air temperature for the 
same month, but there was an increase in fat con- 
tent as winter approached and a decrease in fat 
(ontent as summer approached. 

The amount of rainfall had no effect on fat 
content, but the amount of solids-not-fat increased 
with an increase in rainfall. There was no ap- 
parent relationship between air temperature and 
solids-not-fat content of milk. F. C. Fountaine 

311. Investigations on the composition of South 
African milk. V. (a) The relationships between 
the various constituents of milk. S. Bakalor, 
Agricultural Research Institute, Pretoria. Farm- 
ing in S. Africa, 23, 266: 345-354, 356. May, 
1948. 

Data w'cre taken from analyses for fat, pro- 
tein, ash, lactose, T. .S. and solids-not-fat of 1,608 
industrial samples of milk supplied by producers, 
plus T. S., S. N. F. and fat on 1,200 batches of 
whole milk. Annual averages of fat and S. N. F. 
of milk .supplied to condenseries over a period of 
15-16 yr. also were used. There was no definite 
relationship between S. N. F. and fat and ash and 
fat on individual samples, but a definite positive 
relationship existed between fat and S. N. F. 
when annual averages were used. 

Increased fat % was accompanied by increased 
protein % and decreased lactose %. There was 
a variation in the S, N. F. content of groups of 
milk with fat % constant, the ash content being 
the most variable between fat-constant .samples. 
There also was a seasonal change in the S. N. F. 
content of milk, independent of changes in fat 
content. S. N. F. and lactose were highest in 
summer; S. N. F. and protein were highest in 
late summer and autumn; S. N. F., protein and 
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lactose were lowest in late winter and early 
spring. There was a positive relationship be- 
tween protein and fat and a negative relationship 
between lactose and fat. F. C. Fountaine 

312. Investigation on the composition of South 
African milk. V. (b) The ratios of the per- 
centages of other constituents to the percentage 
fat in milk. S. Bakalor, Agricultural Research 
Institute, Pretoria. Farming in S. Africa, 23, 
267: 415-422. June, 1948. 

As the % fat increases, a definite narrowing 
of the ratio of S. N. F., ash, protein and lactose 
to fat occurs. In all but one area the ratio of 
.S. N. F. to fat was widest in the spring and sum- 
mer months. The importance of changes in 
ratios of milk constituents to the industry is dis- 
cussed. F. C. Fountaine 

313. Undersokelser over melkens aciditet. 
(Studies concerning milk acidity). English sum- 
mary. H. Dovi.k. Meieriposten, 37: 415^19. 
1948. 

Daily milk samples were obtained from 80 
cows. The mean pH was 6.65, with the range 
from 6.45-6.83, and 90% of the samples were 
in the range from 6.60-6.74. The mean titratable 
acidity w'as 7.10° SH, the range 5.50-8.15° SH, 
and 74.2% of the samples were in the interval 
6.75-7.70° SH. Disease caused marked changes 
in pH and titratable acidity. Titratable acidity 
could not be calculated from pH and vice versa. 

O. M. Ystgaard 

314. Observations on change of buffer indices 
of milk with changes of temperature. L. S. 

Vodak and N. P. Tarassuk, Univ. of California, 
Davis. Proc. 29th Ann. Meeting, Western Div., 
.Am. Dairy Sci. Assoc. Pp. 102-109. 1948. 

Fresh milk samples were heated to tempera- 
tures ranging from 42.5 to 93° G. and held for 
30 min. The samples then were cooled rapidly 
to 4.5° C. and stored at that temperature. Sam- 
ples of the unheated milk cooled to the same 
temperature were used as controls. At zero 
time and after 2, 4, 8, 12 and 24 hr., electro- 
metric titrations were made on aliquots of each 
sample. 0.1 N HCl was used to titrate to pH 
4.0, and 0,1 N NaOH was used in titrating to 
pH 8.5. Titration curves were plotted and the 
buffer indices w^rc computed for eight pH values. 

The results .showed that buffer indices in- 
creased at most pH values when unheated milk 
was cooled and help at 4.5° C. Heating de- 
creased the buffer indices, the greatest decreases 
being observed at the highest temperature. How- 
ever, the changes produced by heating were re- 
versible, as shown by the fact that storage of the 
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heated samples at 4.5® C. for from 2 to 24 hr. 
resulted in buffer indices which were nfcarly 
identical with those of the control samples. 

H. B. Naylor 

315. Improved dairy indicator solution. L. R. 
Bryant. Can. Dairy Ice Cream J., 27, 8: 31, 48. 
Aug., 1948. 

Dairy indicator solution that has better keeping 
qualities than phenolphthalein in an alcoholic 
solution is made by dissolving 1 g. of dry phenol- 
phthalcin in 60 ml. of cellosolve (ethylene glycol 
mono-ethyl ether) or methyl cellosolve and then 
diluting with 40 ml. of water. This solution 
retains its proper concentration over a longer 
period of time than does an alcoholic solution of 
phenolphthalein. H. Pyenson 

316. Ion exchange applications in milk products. 
H. E. Ottino, M & R Dietetic Labs., Inc., Col- 
umbus, Ohio. Ind. Eng. Chem., 41, 3: 457-459. 
Mar., 1949. 

This paper is one of six which made up a 
symposium on the application of ion exchange 
in different industries. Calcium first was re- 
moved from milk in 1930 by placing it in con- 
tact with greensand. The resulting milk exhib- 
ited .soft-curd propcrtic.s. Years of research have 
resulted in the present proce.ss and the u.sc of 
a hydrated synthetic sodium aluminum silicate. 
One ft.^ of this ion exchange material will treat 
125 gal. of milk per cycle and it now can be 
used daily for more than a year with little re- 
placement. The proce.ss, which dairy plant em- 
ployees can be trained to carry out, follows: 
Wash the base-exchange material (upflow) with 
water at 100° F., to remove residual milk. Cir- 
culate (upflow) a wetting agent to remove fat, 
protein and phosphorus and rinse with, water. 
Pass acidified and buffered sodium chloride (5%) 
downflow and follow with a water rinse. Cir- 
culate dow'nflow a solution of sodium hydroxide 
and sodium aluminate and wash with water. 

Soluble ca.seinates of improved keeping quality 
can be made by this proces.s. Development of 
sandiness in ice cream mixes which contain as 
much as 15% milk solids-not-fat can be re- 
tarded if 3% or more of these solids are ion- 
exchange-treated solids. The heat stability of 
evaporated milk can be improved sufliciently 
to eliminate the need for stabilizing salts if 0.5- 
2% of the original milk is treated by the min- 
eral-ion exchange process. B. H. Webb 

317. Undersokclser over noen varianter av 
Kjeldahls metode til bastemmelse av protein 
i melk og melkeprodukter. (Investigatioiis of 
some mo^cations of the Kjeldahl method for 
the determiiiatioii of protein in milk and milk 


products.) H. Dovle. Meieriposten, 37: 473- 
477. 1948. 

Heating almost to the boiling point and slow 
boiling, after raising the boiling point by addi- 
tion of potassium sulfate (Gunning) were the 
heating conditions tested; Lower values always 
were obtained when the digestion was ended im- 
mediately after the liquid looked clear. Moun- 
tain milk caused trouble even when boiled as 
much as 1.5 hr. after the liquid looked clear. 

Flasks containing 500 ml. were preferred be- 
cause this size secured better acid condensation 
and the flasks could be used conveniently as dis- 
tillation flasks; 750 ml. flasks also were found 
adequate. If steam distillation were u.sed, 100- 
300 ml. flasks were adequate. 

The recommended procedure for the deter- 
mination of nitrogen in milk and milk products 
is as follows: (a) Add 5-8 ml. of milk/Kjeldahl 
flask; (b) add approx. 1 g. crystalline CuSOj 
(or n.3-0.5 g. CuO); (c) add H^SO, (3xthe 
milk volume if gas heating is used or 4 x the 
milk volume if electrical heating is used); (d) 
heat slowly until the water has evaporated, then 
rai.se the temperature to obtain slow boiling; (e) 
cool the fla.sks after 0.5 hr.; (f) add crystalline 
KjjSO^ in the amount of 1/2-2/3 as many g. as 
the no. of ml. of H 2 S 04 added; (g) continue the 
heating process (.slow boiling); (h) cool after 
approx. 2.5 hr. when the sample turns green; 
(i) add water. (Precipitation takes place at 
first, but enough water is added to dissolve the 
precipitate.) Distillation, etc., arc carried out 
as asiial. O. M. Ystgaard 

318. Determination of the free amino-nitrogen 
of casein and of fresh and deteriorated milk 
protein hy the Van Slyke method. C. H. L^a, 
Univ. of Cambridge, Cambridge, Enghmd. J. 
Dairy Research, 15, 3: 364-368. May, 1948. 

The reaction of casein, fresh milk protein and 
deteriorated milk protein with nitrous acid was 
followed at 20° C. for 4 hr. in the manometric 
apparatus of Van Slyke. Simplified procedures 
arc .suggc.sted whereby the method can be utilized 
for investigation of the deterioration of the pro- 
tein of skim milk powder during storage. 

For the investigation of deteriorated spray- 
dried skim milk powder, the powder being brown 
in color and of very poor solubility, in the present 
study, it was first suspended in water, dialysed, 
at 0° C. for 5 d. and freeze-dried. One hundred 
mg. of the product, which dissolved quite readily 
in the acetic acid in the reaction chamber, were 
used for each determination. Diphenyl ether 
proved inadequate as a defoaming agent but sec- 
ondary octyl (capryl) alcohol proved satisfactory. 
Commercial samples of capryl alcohol were 
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found to var>' greatly in purity. The use of one 
drop of a redistilled fraction boiling within I® 
G. of the correct figure was used as standard 
procedure. For routine examination of deterior- 
ated milk powders, a reaction time of 30 min. 
was adopted as a standard, the values (mg. free 
amino N/g. protein N) so obtained being cor- 
rected by the addition of 2 units. Since some 
samples of milk protein appear to reach the 
linear portion of the reaction/time curve appre- 
ciably earlier than others, an error of as much 
as ± 1 unit may be introduced by this approxima- 
tion. E. L. Thomas 

319. Separation of proteins from milk products. 
A. Leviton. (Assigned to the people of the 
U. S.). U. S. Patent 2,460,891. 1 claim. Feb. 
8, 1949. Official Gaz. U. S. Pat. Office, 619, 
2: 431. 1949. 

Dried skim milk powder is separated into a 
protein fraction and a lactose fraction by pre- 
cipitation of the former by mixing the powder 
with a 40-62% (by wt.) methanol -water soln. 
at -16° C. and filtering immediately. 

R. Whitaker 

320. Reststickstoffgchalt in normalcr Kuhmilch. 
(The residual nitrogen content in normal cow’s 
milk). English summary. R. Neseni and H. 
Korprich. Die Milchwisscnschaft, 3, 7: 186- 
189. July, 1948. 

% 

The milk of 11 healthy cows was examined 
for residual nitrogen content, using Almen’s re- 
agent, every 14 d. during the period between 
September 15, 1943, and July 21, 1944. The 
extreme range of values fluctuated from 13 to 
40 mg. %, with the average being between 27 
(±4.55) and 32 (±4.8) mg. %. Higher values 
were obtained at the beginning and end of the 
lactation period than during the in-between 
period. Green feed as well as some concentrates 
tended to increase the residual nitrogen values 
in milk, whereas dry feeds reduced it. Values 
above 40 mg. % can be regarded as abnormal 
and may be considered as symptoms of path- 
ological conditions in the animal of a sub-clinical 
nature. I, Peters 

321. Process to produce a stabilized protein- 

formaldehyde dispersion. L. L. McKinney. 
(Assigned to the people of the U. S.). U. S. 
Patent, 2,461,070. 6 claims. Feb. 8, 1949. 

Official Gaz. U. S. Pat. Office, 619, 2 : 475. 

1949. 

Casein is allowed to react with an alkylene 
oxide in an alkaline medium before hardening 
with formaldehyde. R. Whitaker 


322. llic reaction between milk protein and re- 
ducing sugar in the ’’dry” state. C. H. Lea, 
University of Cambridge, Cambridge, England. 
J. Dairy Research, 15, 3: 369-376. May, 1948. 

Unheated, fresh milk was separated and 
dialy.sed at 0° C. in the pre.sencc of a little 
toluene again.st repeated changes of distilled 
water for a total period of 7 d. The solids con- 
tent was determined and the requisite quantities 
of glucose, lactose, sucrose and mixtures of these 
sugars were added to portions of the fluid which 
then were freeze dried. After equilibration over 
sulfuric arid to the required moisture content, 
samples were stored at 37° C. and 55% relative 
humidity. At intervals samples were examined 
for free amino and total nitrogen, solubility of 
the protein and color. 

The reducing sugars combined with free amino- 
groups of the protein, apparently in a 1:1 ratio. 
The reaction did not proceed to completion, 
probably owing to difficulty of access of the re- 
active groups to one another. Only when the 
sugar-amino reaction occurred did discoloration 
ensue. Glucose reacted more rapidly with the 
protein than did lacto.se, and the complex 
formed became discolored and insoluble in both 
cold and hot water much more rapidly. Sucrose 
and lactose both greatly delayed the onset of 
glucose-induced insolubility, lactose being the 
more efficient of the two. They did not pre- 
vent discoloration. 

The protein alone became insoluble in cold 
but not in hot water after prolonged .storage, but 
did not discolor. This change was prevented 
by sucrose. The behavior of lactose was incon- 
sistent, lo.ss of solubility being accelerated in one 
experiment and retarded in another. It is sug- 
gested that the effect of sugars on the develop- 
ment of iasolubility in proteins includes (a) ac- 
celeration by reason of the reducing group-amino 
reaction and (b) retardation under the influence 
of relatively high concentrations of carbohydrate, 
particularly of disaccharide. Glucose behaves 
predominantly according to mechanism fl, sucro.se 
entirely according to mechanism h and lactose 
according to both. E. L. Thomas 

323. The effect of varied concentrations of non- 
fat dry milk solids on the rate of whey protein 
denaturation by heat. G. J. Krueger, U. S. 
Ashworth and H. A. Bendixen, State College 
of Wa.shington, Pullman. Proc. 29th Ann. Meet- 
ing, Western Div., Am. Dairy Sci. Assoc. Pp. 
82-89. 1948. 

Using nonfat dry milk solids spray dried from 
separated milk which had not been given a pre- 
heat treatment, a study was made of the effect 
of temp, on the extent of whey protein denatura- 
tion in reconstituted samples varying in milk 
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solids concentration. Samples reconstituted at 
the rate of 1, 5, 10, 16, 20, 25 and 30 g. of 
powder per 100 ml water were heated to tem- 
peratures of 70, 75, 77, 80 and 85® G. and held 
for 30 min. The undenatured whey protein was 
determined in each case by saturating the sam- 
ple with NaCl, filtering off the precipitate and 
measuring the turbidity of an aliquot of the fil- 
trate after acidification with HGl. At tempera- 
tures of 77® G. and below, the extent of whey 
protein denaturation decreased as the milk solids 
content was increased. However, at 80 and 85® 
G., samples containing low levels of milk solids 
showed abnormally low levels of denatured 
whey proteins; the authors indicate that this may 
have been due to the presence of acid-coagulable 
breakdown products of casein in the filtrates. 

H. B. Naylor 

324. Manufacture of artificial protein filaments. 

R. H. K. Thompson. (Assigned to Imperial 
Ghemical Industries, Ltd.). U. S. Patent 2,460,- 
372. 12 claims. Feb. 1, 1949. Official Gax. U. 

S. Pat. Office, 619, 1: 131. 1949. 

A casein solution containing a vegetable glob- 
ulin is spun as a filament into a formaldehyde 
bath, then dried at at least 80® G. under tension, 
followed by contact with boiling water while in 
the relaxed condition. R. Whitaker 

325. The properties of New Zealand butters 
and butterfats. 1. Iodine, Reichert and saponi- 
fioition values and softening points of monthly 
samples of butterfats from nine commercial 
factories over four years. G. A. Gox and F. H. 
McDowall, Dairy Research Institute, Palmers- 
ton North, New Zealand. J. Dairy Research, 
15, 3; 377-386. May, 1948. 

The trend of variation of any one property 
throughout the season was remarkably uniform, 
both for different factories in the one season and 
for any one property in the four seasons. 
Weighted monthly average iodine values, Reich- 
ert values, saponification values and softening 
points for the butterfat from all factories over 4 
yr. were 36.7 (33.8-40.2), 30.4 (25.5-32.3), 229 
(225.5-232.7) and 33.1 (32.2-33.7), respectively. 
The minimum iodine value occurred in midsum- 
mer, i.c., at the season of the year when maxi- 
mum values are reported for northern hemi- 
sphere butters. The iodine values for South 
Island butterfats diverged markedly from those 
for the North Island butterfats during the win- 
ter, i.e., at the time when turnips are fed to cows 
In the l^uth. In spite of the lower iodine values, 
the softening points of the South Island butter- 
fats were lower throughout the year. An ex- 
planation of the latter observation must await 
a study of the detailed fatty acid composition 


of the butterfats at the different periods of the 
season. £. L. Thomas 

326. Onderzoek naar de factoren die de samen- 
stelling van het melk vet beinvloeden. (Inves- 
tigation into the factors influencing the composi- 
tion of milk fat.) English, French and German 
summaries. W. Adriani, A. F. Tamsma, M. P. 
Vogel and J. Groot. Laboratorium de Go- 
operatieve Fabriek van Melkproducten, Bedum, 
Holland. Vakgroep Boterindustrie. The Hague, 
Holland. 182 pp. + 24 graphs. 1945. 

It has been found in practice in Holland that 
during the pasture period the composition of the 
milk fats often was such that even with the best 
manufacturing process the butter still remained 
too soft, and so the composition of the milk fat 
was primarily decisive for the consistency of 
summer butter. There was a large difference in 
this respect between different parts of Holland, 
making further study desirable. 

As a criterion for the composition of the milk 
fat, the refractive index was chosen and ample 
proof given that it may be considered a good 
indicator. 

In the first place, experiments were conducted 
with cows grazing in the same pasture and the 
following factors found to show correlation with 
the composition of the fat; age of the cow, fat 
production, fat percentage of the milk, pon- 
derosity (live weight divided by 10 x fat produc- 
tion in 24 hr.), carotene content of the milk 
fat, stage of lactation, gestation, quantity of 
food, illness of the cow, nature of the food. 

The influence of different factors was calculated 
by statistical methods, with their internal cor- 
relations and partial correlation, and regression 
coefficients. Thus the differences in refraction 
of the milk fat existing at a given moment be- 
tween different cows in the .same pasture, largely 
could be explained and also the course of the 
average refraction as the grazing period advanced. 

The main factors for healthy cows receiving 
no extra food were age of the cow, fat percentage 
of the milk and ponderosity, while the carotene 
content of the milk fat was only an important 
factor in the beginning of the grazing period 
and the influence of the lactation stage was 
merely an indirect one. 

In the second place, experiments were carried 
out with groups of cows of several farmers in the 
same area, all the cows being on pasture without 
extra fodder. Beyond the mentioned factors, 
from these experiments there appeared two other 
important factors, the soil and the degree of 
poorness of the pasture. 

In the third place, experiments also were made 
with groups of cows in different pibvinces of the 
Netherlands, all the cows being on pasture with- 



DAIRY CHEMISTRY 


A71 


out extra fodder. It then appeared that apart 
from ponderosity of the cow and fat percentage 
of the milk, four other factors, all relating to 
the composition of the grass, were of importance, 
namely: percentage of crude protein, percentage 
of starch-like substances, calcium percentage and 
chlorine percentage. In all these cases the in- 
fluence of different factors was calculated as in 
the first experiments, so that the differences in 
composition of the milk fat largely could be 
explained on a quantitative basis. 

It thus appeared that the differences in re- 
fraction of the milk fat may be reduced to a 
number of factors. It has been shown clearly 
that it is wrong to look only to a single factor; 
one has to bear in mind all factors that have 
proved to be important, and the differences arc 
to be ascribed to different factors at different 
times. Many suggestions, for further investiga- 
tions were given and a new method was worked 
out to determine the amount of fat in grass in 
a simple way. The figures now available on 
the percentage of fat in grass did not give the 
impression that this factor is as important as 
often was thought. A. F. Tamsma 

327. Factors affecting the stability of milk fat 
and fat soluble vitamins. V. N. Krukovsky. 
Can. Dairy Ice Cream J,, 27, 10: 90. Oct, 1948. 

See J. Dairy Sci., .31 : 961-972. 1948. 

328. The Sanders-Sager test. Anonymous, 
Milk Plant Monthly, 38, 2: 36-38. Feb., 1948. 

The Sandcr.s-Sager test used for detecting un- 
der-pasteurization of dairy products is based 
on the fact that all raw milk contains an 
enzyme, phosphatase, that is destroyed by proper 
pasteurization. The test can be used on all 
dairy products, detecting the presence of 1 lb. 
of raw milk in 2,000 lb. of properly pasteurized 
milk. It is more sensitive in the case of ravv 
cream, due to the increased concentration of the 
enzyme in the raw product. 

This article outlines the complete procedure 
for conducting this test, including a pictorial 
reproduction of the prescribed procedure. 

J. A. Meiser, Jr. 

329. The Babcock fat test of reconstituted milk. 
G. M. Trout, J. R. Brunner, and P. S. Lucas, 
Michigan State College, East Lansing. Milk 
Plant Monthly, 38, 2: 52-59. Feb., 1949. 

Due to the increased sale of dry milk for re- 
constituting purposes, a comparison of the re- 
sults obtained when testing reconstituted milk 
for fat by the Babcock and Mojonnier methods 
was made. The whole milk powder was recon- 
stituted in distilled water using a Waring food 


blender and then stored at 40® F. for 24 hr. 
prior to testing. 

The results obtained by the Babcock test aver- 
aged 0.25% below those obtained by the Mojon- 
nicr method. The resulting fat columns fre- 
quently were dark and contained char bearing 
a remarkable rescmblcncc to those columns ob- 
tained when testing homogenized milk by the 
Babcock method. J. A. Meiser, Jr. 

330. Problems involved in ashing cottage cheese 
for calcium and phosphorus determination. 
H. B. Clemons and E. A. Winkler, Univ. of 
California, Davis. Proc. 29th Ann. Meeting, 
Western Div., Am. Dairy Sci. Assoc. Pp. 117- 
118. 1948. 

Difficulty was encountered in ashing unsalted 
cottage cheese curd by the A. O. A. C. method. 
By adding 5 ml. of a 0.6% Ca acetate solution 
to 10 g. of curd, a satisfactory white ash was 
obtained. The authors point out that in addition 
to facilitating the ashing of the curd, added Ca 
acetate makes possible a more complete recovery 
of Ca and P from cottage cheese curd. By ash- 
ing a sample of Ca acetate solution, a blank value 
for added Ca was obtained. It was suggested 
that ashing at 600° C. instead of 500° C. might 
give better results on this type of curd. 

H. B. Naylor 

331. Viscosiiatsmessungen an hochprozentigem 
Rahm. (Viscosity measurements of high fat 
cream.) English summary. W. Moiir and J. 
Wellm. Die Milchwisscnschaft, 3, 7: 181-185. 
July, 1948. 

The visco.sity of cream with 60% fat or more 
rises rapidly in the temperature range of from 
40 to 60° C. A 40% cream at 50° C. had a 
viscosity of from 5 to 5.38 cp., whereas 80% 
cream at 50° C. had a viscosity of from 3320 
to 6720 cp. Vi.scosity values for other fat per- 
centages and at 40, 50 and 60° C. are given. 

The rapid rise in viscosity in high fat cream 
is due to the structual properties of the cream. 
In a cream with over 74% fat by volume, the 
fat globules arc deformed, even though they are 
packed with the minimum of voids. The de- 
formation of fat globules in cream with over 
70% fat is to be considered in the formation 
of butter since it represents a hitherto unknown 
intermediary step. I. Peters 

332. First annual review of analytical chem- 
istry. Food. B. L. Oser, Food Research Labs., 
Inc., Long Island City, N. Y. Anal. Chem., 21, 
2: 216-227. Feb., 1949. 

The food section is one of 11 reviews of the 
applications of analytical developments to different 
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chemical industries. Food analysis is considered 
under the following headings: moisture, carbo> 
hydrates, proteins and hmino acids, vitamins, 
inorganic elements, decomposition and contami- 
nation, disinfectants, preservatives and insecticides. 
There are 395 references almost entirely to pub- 
lications of the last 8 yr. B. H. Webb 

Also see abs. no. 280, 290. 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

333. Centrifuge for the separation of serum from 
cheese constituents. G. J. Strezynski. (As- 
signed to DeLaval Separator Co.) U. S. Patent 
2,461,129. 6 claims. Feb. 8, 1949. Official Gaz. 
U. S. Pat. Office, 619, 2: 490. 1949. 

Structural details are given of a separator 
bowl designed specifically for continuously re- 
moving whey from coagulated milk products as 
a step in the manufacture of soft unripened types 
of cheese. R, Whitaker 

334. Method of producing butter hy cooling 

cream of high concentration. H. O. Lindgren. 
(Assigned to Aktiebaloget Separator Corp., 
Sweden.) U. S. Patent 2,461,117. 3 claims. 

Feb. 8, 1949. Official Gaz. U, S. Pat. Office, 619, 
2: 487. 1949. 

Cream containing 81 to 82% fat is obtained 
by passing 25 to 30% cream through a separator. 
Without coming in contact with air it passes 
to a mixer which incorporates salt, coloring 
materials and flavoring and then to a cooling 
device which effects a phase reversal, converting 
the cream into butter. R. Whitaker 

335. Measurement of holding time of H. T. S. T. 
pasteurizers. Wm. Jordan and R. F. Holland. 
Can. Dairy Ice Cream J., 27, 10: 76. Oct, 1948. 

See abs. no. 232, p. A51. 

336. Electronic pasteurization. David LeRol 
Milk Ind., 29, 6: 56^58. Dec., 1948. 

A system was evolved whereby the milk falls 
freely through a large tube placed between two 
electrodes. When the electrodes arc joined to 
the alternating circuit, the temperature of the 
tube becomes intense, and the milk passing 
through it is raised to a temperature of 205° 
F. in 0.067 sec. Milk which had passed through 
the tube had no trace of a cxioked flavor. The 
bacteria count was considerably less than the 1% 
obtained with ordinary pasteurization and the 
vitamin and other nutritional losses are no more 
than for normal pasteurization. The milk is 
cooled quickly by injecting it into a vacuum 


chamber. The initial temperature is reduced to 
35° F. in 0.2 sec. The electronic pasteurization 
of milk is still in the laboratory stage. 

H. Pyenson 

337. Homogenizer. A. M. Kinney and A. N. 

Jergens. U. S. Patent 2,452,661. 16 claims. 

Nov. 2, 1948. Official Gaz. U. S. Pat. Office, 
616, 1:150. 1948. 

The novel feature of this homogenizer is the 
homogenizing valve, which consists of 2 flat coil 
springs which are compressed and released al- 
ternately by a reciprocating rod. The product 
under pressure enters the center of one spring, 
flows through the spaces between the coils and 
then through a passage to the outside of the 
second spring, thence through the coils of the 
second spring to the interior from whence it is 
discharged. The reciprocating rod passes through 
the second spring and is attached to a cylinder 
between the two longitudinal aligned springs. 
The homogenizing action takes place as the 
product pa.sses through the vibrating springs. 

R. Whitaker 

338. Planning, construction and maintenance 
of modem dairy plants. B. A. Boucher. Can. 
Dairy Ice Cream J., 27, 10: 37-38. Oct., 1948. 

In planning new plants and the remodeling of 
older plants, a complete staff of engineers and 
architects specializing in creamery plant design 
can be of considerable assistance to the dairy 
industry. It is important to plan for future ex- 
pansion and to arrange the plant equipment so 
that the product is proces.sed in a continuous 
flow. The author recommends the installation 
of the lowered sawtooth roof over all processing 
areas to provide an abundance of natural light 
and to assist in the control of moisture. The 
walls should be of tile* or smooth cement plaster. 
The floors should be constructed either of tile 
for long life or of concrete for shorter life. Acid- 
resisting compounds for joints and acid-resisting 
sealer should be used. The floor should be 
sloped and have adequate drains. Plant main- 
tenance and sanitation should be borne in mind 
when planning the plant layout. H. Pyenson 

339. Milk plant layout. H. L. Mitten, Jr., Ohio 
State Univ., Columbus. Milk Plant Monthly, 38, 
3: 73-74. Mar., 1949. 

Factors to be considered in plant layout are: 

(a) location, (b) type of building, (c) size, (d) 
arrangement of rooms, (e) location of equipment 
and (f) building construction. 

Certain rules essential to calculating size are 
as follows: (a) fluid milk plants require 1 to 2 
ft.^ of floor space per gal. of milk handled daily; 

(b) refrigerated storage rooms require 1 ft.* for 
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each 5,25 gal. of milk handled daily; (c) floor 
space for processing rooms should be determined 
by the formula A = a/0.2, where A = the floor 
area and area occupied by the processing 
equipment after a proposed operations expan- 
sion; (e) bottle-washing rooms should be suf- 
ficiently large to accommodate all necessary' 
equipment and still provide bottle storage space 
equal to that of the refrigerated milk storage 
room; (f) dry storage space must be 25% of 
the total floor area; (g) equipment shall be 
separated by 2 to 3 ft.; (h) ceilings must be at 
least 12 ft. high. J. A. Mciser, Jr. 

340. High efficiency plant. G. R. Johnson, 
Pace Associates, Chicago, 111. Milk Dealer, 38, 
5: 38, 72. Feb., 1949. 

An efficient, attractive plant combines eco- 
nomical operation with good appearance, lx>th 
derived from treating processing requirements, 
architectural design and engineering as one 
complete problem. Amplified further it would 
include: (a) functional planning based on anal- 
ysis of production to determine specific space 
and equipment needs, (b) building plant and 
form most ideally suited to exacting require- 
ments of plant operation, equipment layout and 
site conditions, (c) construction materials se- 
lected for specific uses consistent with economy 
and ease of maintenance, (d) simplicity of de- 
sign and structure, keeping initial and mainten- 
ance costs at a minimitm and (e) appearance, 
sshith with simple forms dramatizes use and 
ern hances advertising value. C. J. Babcock 

341. Important improvements necessary for 
creameries. C. A. Kerr. Can, Dairy' Ice Cream 
J., 27, 8: 50. Aug., 1948. 

A few of the more important improvements 
nece.ssary in creameries are: (a) temperature 
control, (b) can washing and steaming, (c) dry 
creameries in the winter months and (d) im- 
provements in creamery' surroundings. 

H. Pyenson 

342. Practical ammonia refrigeration for ice 
cream plants. Clyde H. Min.ster, Greenbrier 
Dairy Products Co., Berkley, \V. Va. Ice Cream 
Rev., 32, 7: 94-102. Feb., 1949. 

The operating cost of a refrigeration system in 
an ice cream plant is influenced primarily by the 
amount of power required to produce the nccc.s- 
sary tons of refrigeration. To obtain maximum 
capacity from ammonia compressors with the 
lowest possible power cost, the following sugges- 
tions are made: (a) Operate the compressor at 
the highest possible suction pressure and still 
maintain the temperature desired, (b) Use an 


evaporator of such capacity that the tempera- 
ture differential between the ammonia tempera- 
ture and the temperature of the cooling medium 
will not exceed 5® F. (c) Use suction lines of 
such size that the velocity of the gas as it travels 
back to the compressor will not exceed 4,000 ft./ 
min., thereby avoiding wide differences in suc- 
tion prc.ssure between the evaporator and com- 
pressor. (d) Avoid excessive head pressures 
which in turn will increase the power cost, (e) 
Use two-stage compres.sion in ice cream plants 
w'hcre there is a variation in the temperatures 
which must be maintained. In this system, a 
booster compressor is connected to the low tem- 
perature evaporator and the discharge from the 
booster is in turn piped to an intermediate cooler 
for removal of super heat. The discharge from 
the cooler is pumped directly to the suction side 
of the second stage compressor. The booster com- 
pressor designed for low-pressure, high-speed op- 
eration can raise the pressure of the ammonia 
gas from 0 to 35 lb. with a minimum of power. 
The second stage compressor operating at 35 lb. 
suction pressure will in turn have its capacity 
increased tremendously accompanied by a 
marked reduction in the power cost per ton of 
refrigeration produced. W. J. Caulfield 

343. The bugs in refrigeration and how to cure 
them. LeRoy Williamson. Can. Dairy Ice 
Cream J., 27, lU 78-82. Nov., 1948. 

The article discusses the refrigeration system, 
which includes the evaporating part (low side), 
the compressor, the condenser-receiver and the 
refrigeration supply. Other subjects taken up are 
suction line, frost line, power element of valve, 
float valves, blowers, coils, brine cooling, ammonia 
leakage and excessive oil usage. H. Pyenson 

344. Mechanical can washing. C. B. Shogren, 
Klenzadc Products, Inc., Beloit, Wis. Milk Plant 
Monthly, 38, 3: 76-77. Mar., 1949. 

Rules that should be observed in operating a 
straightline can washer are: (a) keep wa.sher 
free of lime and milkstonc encrustations; (b) 
keep washer in proper mechanical condition; (c) 
provide at lca.st 30 to 40 lb. of water pressure in 
the pre-rinse section; (d) recharge the washer with 
the proper concentration of washing compound 
daily; (e) maintain overflow between 0.5 and I 
pt./can; (f ) insure that .sterile rinse pipes and jets 
are clean and free of lime deposits. 

J. A. Mciser, Jr. 

345. A study of milk can washing. P. H. 
Tracy. Can. Dairy Ice Cream J., 27, 9: 8(>-88, 
94. Sept., 1948. 
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The physical condition of the milk can is not 
particularly significant bacteriologically except 
when open seams are present. Washing solutions 
hot enough (160® F.) to kill the bacteria are im- 
portant factors in successful can washing. Wash- 
ing compounds that can withstand high tem- 
peratures must be used. Even in a dry can there 
is apparently enough moisture to support bacterial 
growth. Washed cans should be kept imcovered 
and in a dry atmosphere during storage. 

H. Pyenson 

346. Packaged automatic boilers. William 
Palm. Can. Dairy Icc Cream J., 27, 8: 52-54, 
78. Aug., 1948. 

By the use of oil or gas fuels it has become pos- 
sible to arrange for full automatic control of the 
steam boiler plant. The packaged steam boiler 
generator was built as one complete unit with 
boiler, burner and automatic controls all fully 
assembled, insulated, jacketed, wired, adjusted and 
tested at the factory. The package boiler is built 
to operate independently of stack draft. A pack- 
age type boiler will start cold and be at full opera- 
ting pressure in 30 min. H. Pyenson 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

347. Efficiency in plant operation. E. J. Fer- 
guson. Can. Dairy Ice Cream J., 27, 9: 74-76. 
Sept., 1948. 

Efficiency in dairy plant operation suggests: 
(a) careful selection of plant personnel, (b) a 
program of job instruction and training, (c) sys- 
tematizing of plant maintenance work, (d) a well- 
planned and -scheduled quality control program, 
(e) a thoroughly scheduled and detailed pro- 
gram of plant clean-up work, (f) proper sched- 
uling of all work in plant operations, (g} careful 
standardization of product and (h) elimination of 
wasteful practices. H. Pyenson 

348. Price and profit. Fred Mrrish. Milk 
Plant Monthly, 38, 2; 66-68. Feb., 1949. 

Transition from a sellers’ to a buyers’ market 
may result in materially lowering a plant’s mar- 
gin on sales. To prevent operating at a loss, 
plant managers must increase sales and up volume 
or rely on decreases in the cost of goods sold to 
counterbalance the price drop. 

j. A. Meiser, Jr. 

349. Potentialities in efficiency in cheese fac- 
tory operation. D. M. Irvine. Can. Dairy Ice 
Cream J., 27, 9: 78-84. Sept., 1948. 


Increased efficiency in cheese factory operation 
Ls needed. The commercially profitable manu- 
facture of whey might justify the paying for milk 
on a total solids basis. If the cheese makers are 
to obtain an adequate supply of the best quality 
milk, they must expect to meet competitive prices. 
Labor constitutes an important item of processing 
costs, consequently the output per individual 
must be greater. The more arduous features of 
the cheesemaking operations must be reduced or 
eliminated. More cheese was produced per man 
40 yr. ago than today. Efficiency can be in- 
creased by good roads, improved hauling equip- 
ment and mechanized vehicles. In this way the 
manufacture of cheese can be concentrated in 
fewer plants. The by-product whey can be uti- 
lized better in larger plants. The equipment that 
will help to increase efficiency is the high tem- 
perature short time pasteurizer for cheese-making. 
Cheese presses arc fairly unsanitary and lack 
temperature control. Standardization of packag- 
ing will help to increase efficiency in cheese fac- 
tory operation. H. Pyenson 

350. Labor's responsibility in the future develop- 
ment of the dairy industry. August Burnier, 
Dairy Employees Union, Chicago, 111. Milk 
Dealer, 38, 4: 44, 86-87. Jan., 1949. 

The importatnee of the different groups to the 
dairy industry from the employer's standpoint is 
given as follows : ( 1 ) The customer — without 
consumers, no jobs for anyone; (2) the stock- 
holder — no invested capital, no business; (3) the 
farmer, production of milk before labor; (4) the 
employees of the dairy industry. The author 
agrees that the consumer is of first importance 
but believes that labor should have priority over 
the other groups. The following program then 
is set forth from the labor standpoint: ( 1 ) Wages 
increased in line with current living costs; (2) 
establishment of sound retirement or pension 
plans; (3) separation pay to cushion the shock 
of unexpected lay-off; (4) the working out, on 
a mutually cooperative basis, of some moans of 
preventing speed-ups and increases in the work 
load which are harmful to the health of the worker 
and which reduce the wage-earning span of his 
life. C. J. Babcock 

351. Bonus plan spurs routemen’s sales efforts. 
Ross Young. Milk Plant Monthly, 38, 2: 76- 
77. Feb., 1949. 

To foster sales to old customers as well as new, 
the following plan was adopted: Using the pre- 
vious month’s sales records for the base period, 
routemen received $1.00 for increased sales total- 
ling up to 5 points, $1.25 for 6 to 10 points and 
$1.75 for all points over 11. 

In an effort to insure routemen returning every 
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possible bottle, a weekly bonus of $5.00 was 
given to the man who returned the most bottles 
in relation to those he delivered. This plan ac- 
counted for a 30% increase in bottle returns. 

J. A. Meiser, Jr. 

352. Annual bonus system builds sales all year. 
Ro.ss Young. Milk Plant Monthly, 38, 2: 54-55. 
Feb., 1949. 

An incentive sales plan whereby routemen re- 
ceived $1.50 for every quart over a minimum of 
400 qt. increase for the year and 50 cents per qt. 
for sales over 800 qt. has done much to promote 
increased sales. This bonus is supplemented by 
three cash awards of $1,500, $1,000 and $500 for 
the top three men at the end of the year. 

Educational displays showing negligence such 
as worn-out gears, tires and engines that were 
damaged beyond repair by improper care were 
very effective in improving driving habits of the 
routemen. J. A. Meiser, Jr. 

353. Training milk salesmen. Ross Siuey. 
Can. Dairy Ice Cream J., 28, 1: 30, 74. Jan., 
1949. 

The basis of sales training policy should be to 
impress on the men that conditions prevailing 
during the war no longer exist. Good dependa- 
ble service as the customer wants it should be 
given. The average customer w'ants: (a) regular 
and punctual service, (b) accuracy and honesty, 
(c) a pleasant route salesman w'ith a clean and 
good appearance, (d) a salesman who knows 
sf)mcthing about the products he sells and (c) an 
intelligent answer to questions. H. Pycason 

354. Adding 600 new customers in four months. 
Ross Youno. Milk Plant Monthly, 38, 3: 80-81. 
Mar., 1949. 

For increases of 8 to 15, 24 to 31 and over 32 
new customers per month, milk routemen receive 
a bonus of 50 cents, $1.50 and $2.00, respectively. 
At the end of a 2-mo. period an additional bonus 
of 25 cents, 75 cents and $1.00 is paid for all 
new customers tptaling up to 16, 32 and 48. Also, 
prizes of $15, $10 and $5 are awarded to the 
three highest-scoring routemen at the end of the 
first 2-mo. period. J. A. Meiser, Jr. 

355. Retail milk delivery — ^threc days per week. 
J. M. Lawrence. Can. Dairy Ice Cream J., 28, 
1 : 60, 64. Jan., 1949. 

The advantages of 3-day over E.O.D. deliver)' 
are a 6-d. plant operation, no relief men are re- 
quired for the odd day and the housewife gets 
her milk on the same days of the week. The 3-d.- 
a-week delivery also improves plant operation by 
eliminating overproduction, reduces routes by 


about one-third, increases employee benefits and 
increases milk consumption. The disadvantages 
of 3-d.-a-week delivery are that the consumer has 
difficulty carrying enough milk over the 3-d. week- 
end and split accounts are made by the consumer 
getting milk from two dairies to have delivery 
6 d. a week. H. Pyenson 

356. Is your return on investment adequate? 
A. C. Kilchun, Public Accountant. Ice Cream 
Rev., 32, 7: 44-50. Feb., 1949. 

Too much attention has been focused on profit 
on sales and not enough on the return on in- 
vested capital by the ice cream industry. The 
ultimate yardstick of the profitableness of any 
bu.siness enterprise is the return on invested capi- 
tal, whereas profit on sales is of secondary con- 
sideration. 

When return on invested capital is low or falls 
below the return that could be obtained through 
outside investments it is an indication that some- 
thing is wrong with the management of the busi- 
ne.ss. Over-capitalization, over-expansion, high 
( redit losses or failure to promote sales effectively 
aie frequent causes of low return on invested ca- 
pital. 

Management should make .systematic and 
periodic checks to determine whether the re- 
turn on invested capital is adequate. The return 
on invested capital should be maintained at well 
above the return that could be obtained on safe 
outside investments, otherwise there is no point 
in operating the business. Return on net worth 
of a business is the most important factor deter- 
mining the market value of the business and con- 
stitutes the true measure of the success of the 
management. W. J. Caulfield 

357. The truth about profits. L. Spencer, 
(lomeli Univ., Ithaca, N. Y. Am. Milk Rev., 11, 
2: 2-4, 6, 42-44. Feb., 1949. 

A study of six milk companies in the New York- 
New Jersey metropolitan area during the 7 yr. 
1941-1947 revealed the following distribution of 
costs and profits: 57.6% for product, 20.9% for 
selling and delivery expense, 13.4% for receiving, 
processing and freight, 4.1% for bottles and sup- 
plies and 1.7% for other expenses, leaving 1.0% 
for profits. The spread between sales and product 
cost was accounted for as follows: 53.5% for 
salaries and wages, excluding officers’ salaries, 
10.3% for bottles and containers, 10.0% for prop- 
erty expense, 9.1% for freight and hauling, 7.0% 
for other supplies and .services, 3.1% for payroll 
taxes, etc., 2.5% for milk handling charges, 1.0% 
for officers’ salaries and 3.5% for other expenses. 
During the 7 years notable changes occurred. 
Dollar .sales increased 70%, co.st of product in- 
creased 88% and expenses of operation increased 
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45%. Wage rates increased 31 to 75%, with 
employees in country plants receiving largest 
increases. 

Large companies failed to return a normal rate 
on investment even in so-called prosperous years. 
Possible reasons listed were increased store dis- 
tribution and decreased home delivery, greater 
diihculty in dealing with labor and political criti- 
cism of larger companies. A decrease in spread is 
possible only if labor efficiency is improved or 
distribution services are reduced further. 

D. J. Hankinson 

358. Cost of production in establishing milk 
prices. C. ,W. Pierce. Gan. Dairy Ice Cream J., 
Ii7, 8: 41-47. Aug., 1948. 

Cost of production varies widely among indi- 
vidual farmers. The unsolvablc problem arises 
whether to use the average cost, the cost for the 
most efficient producers, or a cost which would 
apply to all but the most inefficient producers. In 
computing cost per hundred weight it is im- 
possible to determine exactly the cost of the 
several items that do not represent cash expendi- 
tures. It is relatively easy to measure changes in 
main item production costs from one period to 
another. Changes in costs, rather than any esti- 
mated cost/ 100 lb. of milk, should be used as 
one of the guides to the proper level of milk 
prices. The most inefficient producers should be 
eliminated from the computation of cost of pro- 
duction. H. Pyenson 

359. Production cost problems in the manu- 
facture of ice cream. H. W, Sciivelke, Central 
Dairy Prod. Co., Oklahoma City. Southern Dairy 
Products J., 45, 1 : 33, 42, 43, 46, 47. Jan., 1949. 

Since the war the cost of ice cream has increased 
tremendously and with the resulting advance in 
prices to the consumer there has come a decrease 
in volume. The future of the business under 
these conditions depends more than ever upon the 
skill of the accountant and the operating man- 
ager. All indirect labor costs must be justified by 
prohtable results. The work of all departments 
must be coordinated so that the product may be 
delivered to the customer at a profit and at a 
price at which he will continue to buy in a satis- 
factory volume. O’Neal Johnson of the Inter- 
national Association of Ice Cream Manufacturers 
is introducing an efficient cost system for the 
purpose. 

Chief attention should be given to obselete and 
inadequate accounting systems, inefficient per- 
sonnel, excessive distribution systems and un- 
balanced inventories. Elimination of the practice 
of supplying the customers with equipment and 
subsides would allow a decrease in the price of 
ice cream to the consumer. Either a reduction 


in costs or an increase in volume is essential to 
future success. The companies that have well- 
trained men who are alert financially and capa- 
ble of adjusting to the future will be successful. 

F. W. Bennett 

360. A producers’ incentive plan. Melvin 
Maxwell, Idlcwild Dairy, Scottsbluff, Nebr. 
Milk Plant Monthly, 38, 2: 60-61. Feb., 1949. 

This plan establishes a bonus year starting De- 
cember 17 and ending 52 wk. later. Utilizing a 
base period covering the last 13 wk. of the bonus 
year, base amounts for each producer arc deter- 
mined by averaging his three lowest weeks of pro- 
duction during the base period. Each producer 
then is paid a lx)nus of 50 cents per hundred at 
the end of the year, in addition to his weekly 
check, for all milk he produces up to his base 
amount. J. A. Mciscr, Jr. 

361. Your advertising problems. Part IV. 
W. Frank Welch, Pres., The AD-VER-TIS-ER, 
Inc., Fort Wayne, Ind. Southern Dairy Products 
J., 45, 2: 66, 67, 74, 75. Feb., 1949. 

Outdoor posters are essentially a prestige 
medium and have a distinctly different function 
from that of newspaper and radio advertising. 
The latter arc more flexible as to timeliness and 
and designed to get more immediate sales re- 
action. Direct mail advertising is highly spe- 
cialized and may be too expensive except for a 
brief and specific campaign. It is regarded gen- 
erally as a supplement to the routine advertising 
program. Selecting the proper advertising me- 
dium requires the matching of the purpose against 
the advantages of the different advertising media. 
A combination of several media u.sually is more 
effective than only one, provided the budget is 
adequate for a rca.sonably full use of more than 
one medium. If funds are not available for an 
effeetive combination of media, the money should 
be direrted into one channel. 

The advice of salesmen of the respective kind.s 
of advertising should be helpful. Employment 
of a reliable agent or agency which is thoroughly 
acquainted with advertising methods may be 
advantageous if the budget warrants such an 
expenditure. F. W. Bennett 

362. The consumer and dairy product prices. 
Bi.ake A. Campbell. Can. Dairy Ice Cream J., 
27, 12: 58-62. Dec., 1948. 

Prices in the United States advanced faster' 
in 1946 and the first part of 1947 than they did 
in Canada. During the pa.st year wholesale price.s 
and the cost of living have increased more in 
Canada than they have in the U. S. Since 1939, 
personal incomes, adjusted for changes in the 
cost of living index, have increased 72% in 
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Canada as compared with 58% in the U. S. 
A study of retail prices in 20 food commodities 
in Canada and the U. S. for July, 1948, showed 
that in most cases prices in the U. S. were higher 
than in Canada. If Canada had to pay U. S. 
prices for dairy products, it would cost the aver- 
age family $45 a year more for dairy products. 

H. Pyenson 

363. Press relations and publicity for your dairy. 
Dan Valentine. Milk Plant Monthly, 38, 3: 
47-48, 50. Mar., 1949. 

Press releases must be newsworthy, localized, 
concise, non-commercial and timely. When 
written on a printed press release form, they 
create a sound publicity program for the dairy 
plant. J. A. Meiser, Jr. 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

364. Preparation and storage of carotene con- 
centrates. H. L. Mitchell, W. G. Schrenk, 
AND H. H. King, Kansas Agr. Expt. Sta., Man- 
hattan. Ind. Eng. Chem., 41, 3: 57(J-572. Mar., 
1949. 

Carotene concentrates are of interest because of 
the continued shortage and high cost of fi.sh oils. 
Solid carotene concentrates would be easy to 
incorporate in rations of farm animals. The ef- 
fectiveness of several finely ground solids as car- 
riers of carotene were investigated. The less 
highly refined carriers resulted in more stable con- 
centrates. The loss of carotene after 5 mo. storage 
at 25° C. with different carriers was: soybean and 
cottonseed meal, 68 and 60%, respectively; casein, 
ground sorghum grain and sorghum bran, 72- 
81%; glucose and sorghum starch, 100%. The' 
antioxidant action of cottonseed meal was in- 
crea.scd appreciably by the addition of 2% lactic 
acid. B. H. Webb 

365. Forage crop management for higher yields. 
Part 111. C. M. Harrison. Michigan State Col- 
lege, East Lansing. Hoard's Dairyman, 93, 2: 
859. Nov., 1948. 

The conclusions drawn from this study were: 
(a) forage mixtures vary as to productiveness in 
terms of hay or grazing with livestock; (b) mix- 
tures containing alfalfa are more productive than 
straight grass or red clover grass mixtures and, 
likewise, they are superior as green manure when 
measured in terms of added com following in 
the rotation; (c) pasturing any mixture will re- 
sult in a greater green manure benefit than re- 
moving the forage as hay or hay and pasture; (d) 
pasturing apparently results in the removal of 
le.ss mineral nutrients from the .soil, making it 


easier to reestablish a good forage field with 
less fertilizer than is the ca.se where the forage 
is removed from the field. J. B. Frye, Jr. 

366. Pasture control. With special reference to 
the border area. J. H. Preller, College of 
Agriculture, Potchefstroom. Farming in S. 
Africa, 23, 264: 191-199. March, 1948. 

The effects of fertilizer and systems of manage- 
ment on yield of South African pastures arc de- 
scribed. F. C. Fountainc 

367. Estimation of digestibility of grazed pasture 
from feces nitrogen. R. J. Lancaster. Nature, 
163,4139:330. 1949. 

Based on pastures located in England, United 
States, South Africa and New Zealand, data arc 
presented to show that the nutritive value of the 
herbage can be calculated from the nitrogen con- 
tent of the feces of sheep grazed on the pasture. 

R. Whitaker 

368. Grazing without fields. David LeRoi. 
Milk Ind., 29, 2: 48-49. Aug., 1948. 

Hydroponics, or the growing of field crops in 
liquid culture media without soil, now has passed 
the experimental stage and a technic has been 
perfected to yield crops which compare more 
than favorably with normal soil agriculture. It 
is po.sbible to raise healthy crops without soil. 
Specially constructed cabinets have been devel- 
oped for the raising of cattle pasture. By this 
method, in 11 d. the first sowing has attained a 
growth of 10 in. An 8f)-tray cabinet yields 200 
lb. of grass daily. H. Pyenson 

Also see abs. no. 309. 

GENETICS AND BREEDING 

N. L. VAN DEMARK, SECTION EDITOR 

369. The inheritance of red, roan and white 
coat colour in dairy shorthorn cattle. I. C. 
Jones, Univ. of Liverpool. J. Genetics, 48; 
155-163. 1947. 

Old theories and exceptions are reviewed and 
856 records from a carefully-kept private herd 
are tabulated by type of matings. The two-gene 
explanation of Ibsen (1933) is substantiated with 
respect to homozygous dominant red and in- 
completely dominant white. The unusually low 
number of exceptions, i. e., 11, is considered to 
be due to the great care of the herdsman. Only 
one case of error in diagnosing the color was 
found in later checking the exceptions with the 
animal or a photograph. To explain the ex- 
ceptions that it was possible to check, it was sug- 
gested that one of the three animals in each case, 
i.e., calf, sire or dam, that were phenotypic ally 
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red were genotypically roan but so extreme in the 
series that they could not be distinguished. The 
various grades of roaning are implied to be due 
possibly to differences in internal temperatures 
during prenatal growth. Further explanation of 
these exceptions was considered unsafe. 

L. O. Gilmore 

370. The Bucks County quintuplets. Robert 
Cook. J. Heredity, 39; 347-348. 1948. 

A report is made on a set of quintuplet heifer 
calves bom in Pennsylvania. On the basis of 
color marking the set is assumed to be composed 
of one pair of monozygotic twins and one set of 
monozygotic triplets, hence resulting from two 
fertilized eggs. 

After referring to the literature on the fre- 
quency of occurrence of multiple births of dif- 
ferent orders, the frequency for the occurrence 
of quintuplets is estimated at not less than one 
in 3-5 million births. L. O. Gilmore 

i 

371. The role of major genes in the evolution 
of economic characters. R. L. Knight, Empire 
Cotton Growing Corp. and Sudan Govt. J. 
Genetics, 48; 370-387. 1948. 

It is considered that preadaption (cf., response 
to existing selection pressure} is common in eco- 
nomic characters. Such characters involving 
major differences typically will be found to be 
controlled by one or a few major genes. Dif- 
ferent plants are listed for which economic char- 
acters arc controlled wholly or in part by major 
genes. For breeding purposes, attempts should 
be made to reduce complex characters to the 
action of the individual genes responsible to 
expedite analysis. L. O. Gilmore 

372. Corynebacterhim pyogenes in bull semen. 
J. R. Hancock and W. R. Kelley. Vet. Rec- 
ord, 60, 51: 669-670. Feb.', 1949. 

All samples of bull semen received in the 
authors' laboratory from December, 1945, to 
March, 1947, were routinely examined for the 
presence of C. pyogenes. Semen samples were 
submitted for examination because of breeding 
difficulties in the herds in which the bulls were 
maintained, and were collected by the artificial 
vagina method with precautions to prevent con- 
tamination. A total of 170 semen samples from 
70 bulls in 40 different herds was studied and C. 
pyogenes was isolated from 25 bulls in 16 of 
the herds studied. The organism could not be 
recovered from sheath swabs in known carrier 
bulls, which indicates it is in the genital tract 
above the sheath. No difference was detectable 
between positive and negative bulls as regards 
semen examination, and in 3 herds with both 


positive and negative bulls, no difference was 
noted in the conception rate. However, herds in 
which positive bulls were used had a high in- 
cidence of genital infection in females, and cul- 
tural examinations of vaginal discharges showed 
C. pyogenes present in most cases. The authors 
suggest that bulls known to produce semen with 
this organism in it be withheld from service. 

R. P. Nicdcrmeier 

Also see abs. no. 274. 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

373. Painless dehorning. F. S. Barlow. Hoard’s 
Dairyman, 94, 3: 105. Feb. 10, 1949. 

A local anesthetic (not named) is injected 
halfway between the eyes and the horns 20 min. 
before dehorning. The head is disinfected at the 
base of one horn and drawn to one side by a 
nose lead for the dehorning operation. Prac- 
tically no pain is experienced by this method. 
This method is being used by Dr. Harold E. 
.\mstutz. College of Veterinary Medicine, Ohio 
State Univ. J. B. Frye, Jr. 

374. Suspension hanger. F. W. Stanke and 

L. F. Bender. (Assigned to Universal Milking 
Machine Co.). U. S. Patent 2,460,856. 4 

claims. Feb. 8, 1949. Official Gaz. U. S. Pat. 
Office, 619, 2: 422. 1949. 

A band, passing over the cow’s back, supports 
the milk receiver of a milking machine in such 
a manner that it is permitted to swing beneath the 
cow’s stomach. The swinging movement of the 
milk receiver, caused by the pulsations of the 
flexible milk tubes attached to the teat cups, im- 
parts a tugging action alternately to different 
portions of the teats. R. Whitaker 

375. Reinforce farm manure. C. J. Chapman, 
Univ. of Wisconsin, Madison. Hoard’s Dairy- 
man, 94, 2 : 205. Jan., 1949. 

Spreading of superphosphate in loose run 
bams, sheds or box stalls at intervals of every 
4 or 5 d. or weekly at the rate of 1 Ib./animal/d. 
is recommended. Reinforcing animal manures 
with superphosphate not only increases the value 
and the effectiveness of the manure by actually 
bringing up the phosphate content but also helps 
to prevent losses of valuable nitrogen which may 
get away in the form of volatile ammonia. 

J. B. Frye, Jr. 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

376. Ice cream stabilizers. P. H. Tracy. Can. 
Dairy Ice Cream J., 27, 10: 34-*36. Oct., 1948. 
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A number of satisfactory ice cream stabilizers 
have been developed within recent years for use 
under various conditions. The more important 
ones are gelatin, dariloid, Irish moss, locust bean, 
sodium carboxymethyl cellulose (G. M. C.), 
ground psyllium seed husks, karaya gum, oat 
gum, pectin, quince seed and mechanical mixtures 
of two or more of the above products together 
with com sugar as a carrier. Whipping aids or 
emulsifiers in conjunction with regular ice cream 
Stabilizers help whipping and air incorporation 
and give the ice cream a drier appearance. 

H, Pyenson 

377. Nature and properties of some new ice 
cream emukifiers. J. S. Gould and N. P. 
Tarassuk, Univ. of California, Davis. Proc. 
29th Ann. Meeting, Western Div., Am. Dair)' 
Sci. Assoc. Pp. 119-121. 1948. 

Using the emulsifier “Tween 60” and the sta- 
bilizer “ShcrVel,” it was found that 0.10% of 
emulsifier was optimum in mixes frozen in batch 
freezers, but that 0.15 to 0.20% was required to 
obtain improved body and texture when a con- 
tinuous freezer was used. The emulsifier had 
no effect on the susceptibility of ice cream to 
heat shock. It tended to slow the melt-down and 
in some instances caused a curdy appearing melt- 
down. A given emulsifier may not give identical 
results with all stabilizers. H. B. Naylor 

378. Consumers prefei^nce tests for imitation 
and pure flavors in ice cream. P. S. Lucas. 
Can. Dairy Ice Cream J., 27, 11: 92-94. Nov., 
1948. 

Sec abs. no. 119, p. A26. 

379. An analysis of concentrated citrus oils. 
David E. Lakritz, Florasynth Laboratories, Inc. 
Ice Cream Field, 53, 2: 32. Feb., 1949. 

The author classifies concentrated citms oils 
as follows: (a) “Concentrated” citrus oils — oils 
from which a portion of the tcrpcncs has been 
removed, (b) Tcrpcncless citrus oils — oils from 
which the major portion of tcrpcncs has been 
removed, (c) Sesquiterpcneless citrus oils — oils 
from which the major portions of both terpencs 
and se.squitcrpcnes have been removed. 

It is pointed out that most essential oils are 
composed of (a) mixtures of hydrocarbons, prin- 
cipally terpenes, sesquiterpenes and polyterpenes, 
(b) oxygenated compounds including acids, 
alcohols, esters, lactones, aldehydes, ketones, 
phenols and ethers and (c) non-volatile material 
consisting chiefly of waxes and resins. 

The author briefly describes the four prin- 
cipal methods of concentrating citrus oils, namely, 
(a) vacuum distillation, (b) steam distillation. 


(c) alcohol distillation and (d) extraction. 

The removal of terpenes (unsaturated hydro- 
carbons) increases the stability of the remaining 
oil. It is claimed that such oils are especially 
useful for flavoring gelatin dessert and arc rec- 
ommended for use in ices and sherbets. 

Although the oxygenated components of citrus 
oils comprise the major portion of their flavoring, 
terpenes contribute towards flavor and sesquiter- 
penes and waxes have some fixative action. It 
is, therefore, recommended that where stability 
and solubility of oils arc not too important that 
less concentrated and even unconcentrated oils 
be used. W. G. Cole 

380. Flavoring materials used in ice cream. 
Carl Koerver, Pioneer Ice Cream Company 
(The Borden Co.), Brooklyn, N. Y. Am. Milk 
Rev., 11, 1: 36-40, 48. Jan., 1949; Can. Dairy 
Ice Cream J., 27, 10: 78-88. Oct., 1948. 

Sec abs. no. 39, p. A7. 

381. Diced cream. Anonymous. Ice Cream 
Rev., 32, 7: 39, 87. Feb., 1949. 

See abs. no. 2.54, p. A54. 

382. Sealtest presents — ice cream eclairs. 
Anonymous. Ice Cream Trade J., 45, 2: 46. 
Feb., 1949. 

The eclair is an oblong-shapcd bar about 5 in. 
long, consisting of a layer of cake, a layer of 
fudge and a layer of ice cream, covered with a 
chocolate coating and 4 dabs of whipped cream. 
Special equipment makes automatic mass pro- 
duction possible. Dealers pay 45 cents for 4 
bars which retail for 60 cents, providing a gross 
margin of 25% of the selling price. 

W. H. Martin 

383. The trend in ice cream packages. C. H. 
Schaffer. Can. Dairy Ice Cream J., 27, 8: 
65-66, 70. Aug., 1948. 

Package ice cream should not be looked upon 
as inevitably replacing bulk, but rather for its 
value in adding to the total sales. One icc cream 
item should not be pushed to the exclusion of 
others. Ice cream should be sold in packages 
most acceptable to the public; package attrac- 
tively, price properly and let the public be the 
judge of what they wish to buy. H. Pyenson 

383a. Bulk ice cream container. H B. Tillery. 
U. S. Patents 2,459,727 and 2,459,728. 2 claims. 
Jan. 18, 1949. Official Gaz. U. S. Pat. Office, 
618, 3 : 942. 1949. 

Details are given regarding the construction 
of a carton for ice cream which may be shipped 
flat, readily assembled to provide a box having 
a piston-like bottom that can be pressed out to 
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eject the contents. The assembled carton is so 
constructed that air may circulate freely be- 
neath the bottom. R. Whitaker 

384. 1948 gallonage. Anonymous. Ice Cream 
Trade J., 45, 2 : 44. Feb., 1949. 

Ice cream production in the United States 
declined 10% in 1948. U.S.D.A. Bureau of 
Agricultural Economics estimates indicate a pro- 
duction of 568,735,000 gal., which is still 13% 
more than the 1942-1946 av. and 88% ahead 
of the av. for 1939, 1940 and 1941. Leading 
states were Pa., N. Y., Calif., 111. and Ohio. 
After experiencing monthly drops in production 
since March, the production trend turned up 
in November and December. W. H. Martin 

385. Your ice cream cabinet-— its relation to 
your sales and profits. A. C. Doak, Frigidaire 
Div., General Motors Corp. Southern Dairy 
Products J., 45, 2: 26, 28, 41. Feb., 1949. 

The location of the cabinet is important in 
increasing sales. Usually the most effective loca- 
tion is in line of store traffic, near the cash 
register or used as a dividing counter. Location 
near bakery goods, the use of attractive advertis- 
ing and the display of a full line of flavors also 
are suggested. A neat, orderly arrangement of 
packages plainly marked to facilitate rapid and 
courteous service increases the rate of turn-over. 
An extremely clean cabinet, inside and out, will 
stimulate buying. Frequent refinishing or polish- 
ing is recommended. 

High operational and service costs can reduce 
profits greatly. The use of manufacturer’s in- 
structions is helpful in this respect. Frost should 
be removed when it equals the thickness of a 
pencil. Allow ample room around the compressor 
for air circulation. Avoid battering the cabinet. 
Lubricate regularly as needed. Inspection by a 
service man cver>’ 3 mo. is economical. In case 
of failure of the compressor to function, examine 
it for easily-corrected causes of trouble but call 
the service man when corrective measures are 
not understood. F. W. Bennett 

386. Things to consider when manufacturing ke 
cream of excellent quality. G. H. Wilster. 
Can. Dairy Ice Cream J., 27, 9: 38-42. Sept., 
1948. 

Requirements for the manufacture of ice cream 
of excellent quality include (a) a sanitary plant, 
(b) dairy products low in bacterial content, (c) 
fruit, flavors, sweeteners, stabilizer, egg and colors 
of fine quality, (d) modern, clean, well-kept 
equipment, (e) correct mix standardization, 
mixing homogenization and freezing, (f) efficient 
hardening and (g) maintenance of fresh stocks 
of ice cream. H. Pyenson 


387. Hie pursuit of quality in the manufacture 
of ice cream. G. W. England, High’s Dairy 
Products Go., Washington, D. C., and Baltimore, 
Md. Southern Dairy Products J., 45, 2; 102-104, 
106, 110-113. Feb., 1949. 

Some of the essentials for quality are good 
raw niaterials, clean and sterile equipment, proper 
balance of ingredients, equipment in good operat- 
ing condition, careful processing, quick harden- 
ing and uniformly low storage temperatures. An 
educational program for the employees who super- 
vise or do the actual work will promote quality. 
Demonstrations especially increase the under- 
standing of the employees. 

Plant sampling of the materials and products 
during the manufacture may eliminate many 
defective lots. The sampling also should extend 
to the retail cabinets of the dealers, including 
comparisons with competitive brands during 
which identifications of the samples are removed. 
A complete laboratory analysis of each sample 
often reveals some valuable facts. 

Uniformity as well as level of quality is im- 
portant. This involves the proper standards and 
uniformity in titratable acidity, kinds and amount 
of stabilizer, complete solution of the stabilizer, 
kind and amount of sugar, the grade of flavoring, 
dumping and use of returns, control of viscosity, 
exact weighing of ingredients, checking and stan- 
dardizing the finished mix, maximum pasteuriza- 
tion temperature with cooked flavor, homogeniza- 
tion which produces small unclumped fat globules 
and mix free from curdling, fast freezing, over- 
run control, prompt hardening, proper cleaning 
and sterilizing procedure for equipment, good 
housekeeping and careful handling until the ice 
cream reaches the consumer. F. W. Bennett 

Also sec abs. no. 292, 316, 342, 356, 359, 389, 
411. 

MILK AND CREAM 

P. H. TRACY, SECTION EDITOR 

388. Flavors in milk. J. A. Newlander, Univ. 
of Vermont and State Agricultural College, 
Burlington. Milk Plant Monthly, 38, 3: 42, 44- 
45. Mar., 1949. 

The five common off-flavors described are 
feed, oxidized, high acid, rancid and cooked. 
Causes and prevention of these defects are dis- 
cussed. J. A. Mciser, Jr. 

389. Low temperature storage of dairy products. 
W. S. Arbuckle, North Carolina State College, 
Raleigh. Quick Frozen Foods, 11, 7: 92-93. 
Feb., 1949. 

Answers to questions concerning proper freezer 
storage temperatures for milk and milk products 
arising in connection with home freezer storage 
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cabinets and frozen foods locker plants are given. 
Dairy products must be protected against flavor 
deterioration and impairment of lx)dy and tex- 
ture. Retail packages of butter and ice cream 
should be wrapped with protective materials such 
as pliofilm or aluminum foil of freezing weight. 
Butter so protected will keep well for long 
periods at 0° F. Ice cream likewise may be 
kept 6 weeks or longer. Holding ice cream at 
constant temperature is essential to avoid detri- 
mental effects on body and texture. Cream 
containing 40% butterfat will hold satisfactorily 
for 3.5 mo. If 10% sugar is added before 
freezing, there will be less tendency to oil off 
when the cream is thawed. Whipped cream has 
not been frozen successfully. Milk, either whole 
or skim, concentrated or unconcentrated, requires 
a lower temperature (-15® F.) for storage than 
home freezer cabinets or lockers maintain. While 
cottage cheese can be frozen, the result is not 
satisfactory. L. M. Dorsey 

390. An efficient electric milk pasteurizer for 
home use. A. V. M(X)rf., Texas Agr. Expt. Sta., 
(College Station. Am. Milk Rev., 11, 1: 54-55. 
Jan., 1949. 

Tests for bacteria, phosphatase activit), coli- 
form bacteria, flavor and cream volume were 
made on milk pasteurized in the “Safgard” 
iiome pa.stcurizcr. I'e.sts made on five trials in- 
dicated satisfactory rediution in bacteria num- 
bers and complete freedom from coliform bac- 
teria. Phosphatase tests were negative in all 
trials. Heated fluN’or was not reported in any 
of the pasteurized samples. Cream volume ap- 
parently was not affected adversely, .since data 
show increases in cream volume following pas- 
teurization in some trials and decreases in other 
trials. D. J. IJankiiison 

391. Fat-free vitamin-fortified milk. K. G. 

Wf.ckei., Univ. of WiscoiLsin, Madison. Milk 
Dealer, 38, 4: 47-48, 80-84. Jan., 1 949. 

The following reasons arc given that fat-free 
milk .should be processed for retail sales: (1) 
Many consumers believ'e they cannot afford to pay 
prevailing prices for bottled whole milk; (2) there 
is a probability that fat-free milk at a lower price 
may be sold when whole milk cannot; (3) many 
people arc not consuming any whole milk or arc 
consuming it in quantities far lc.ss than desirable; 
(4) many people are evidently conscious of the 
very good nutritional value of fat-frcc milk. 

The following groups especially would be in- 
terested in this product: (1) individuals who arc 
overweight, (2) individuals in whom fat digestion 
is carried out poorly or incompletely because of 
enzyme deficiency, (3) individuals in the upper 
age group when it is necessary to consume less of 


the rich foods that tax digestion facilities and 
(4) individuals on restricted diets because of 
health conditions. 

The article is summarized as follows: “There 
is a market for fat-free milk. This market is 
above and beyond that now being ministered by 
the dairy industry. The product is easily pro- 
cessed, and on the basis of experience, is quite ac- 
ceptable to consumers. The nutritional quality 
can be enhanced to equal that of milk, excluding 
its butterfat, by the simple expedient of adding 
vitamins A and D. The vitamin-fortified milk 
has been approved by the American Medical Milk 
Commission and is being introduced in a signifi- 
cant number of dairies throughout the country.*' 

C. J. Babcock 

392. Promoting non-fat fortified milk. Anon- 
ymous. Milk Dealer, 38, 5: 42, 78. Feb., 1949. 

The Supplec-Wills-Jones Milk Co. of Philadel- 
phia, Pa., has ben marketing Sealtest Fortified 
Fat-ftee Milk since August and they are plca.sed 
with the reaction to the product on the part of 
the medical profession and consumers. Indica- 
tions are that it has not been replacing sales of 
whole milk, as about 95% of the sales seem to 
be additional sales. The product contains less 
than 0.1% butterfat. It is pasteurized at 185® F. 
and fortified with 2,000 units of vitamin A and 
400 units of vitamin I). The product is marketed 
at 4 cents under regular market milk, or 1 cent 
above the previous price for regular skim milk, and 
reaction to the price has been excellent. 

Abbotts Dairies in Philadelphia introduced a 
non-fat .soft curd milk with added vitamins A and 
D last July. Each quart contains 2,000 units of 
\itamin A and 400 units of vitamin D. They 
have applied for patent protection on the soft- 
curd feature, as their process is new in the field of 
skim milk. The product is marketed at 1 cent a 
quart less than standard or so-called “B” milk and 
5 cents a quart less than homogenized “A” milk. 

A fat-free fortified certified milk is being dis- 
tributed in a midwestetrn city. It sells at the 
same prit e as i egular pasteurized milk. This dis- 
tributor believes that it would be a mistake to sell 
fdt-frre milk at a considerably lower price than 
regular milk. This belief is based on the fact that 
in those markets where buttermilk is sold cheap, 
it is kicked all over the map. 

Each of the above distributors has promoted the 
sale of fat-free milk with the backing of the. med- 
ical profession. C. J. Babcock 

393. Uniform inspection of milk supply. L. T. 
Tompkins. Can. Dairy Ice Cream J., 27, 8: 
68-70. Aug., 1948. 

The score card used by the Mass. Milk Regu- 
lation Board is divided into five parts: (a) “A” 
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or excellent classification, (b) “B” or good clas- 
sification, (c) “C” or fair classification; (d) “D” 
or poor classification and (e) “F” or unsatisfac- 
tory classification. The card is graduated to five 
classifications for each of the headings to be 
classified. Such a score card requires a lot of 
experience, close coordination and careful study 
of each unit scored. H. Pyenson 

394. Studies on the bacteriological flora and 
keeping quality of pasteurized liquid cream. 
E. L. Crossley, April and Barrett Ltd., Yeovil, 
Somerset. J. Dairy Research, 15, 3: 261-276. 
May, 1948. 

The special conditions of the cream trade in 
Britain arc discussed. Bacteriological control of 
cream processing was studied over a period of 
10 yr. at a large country depot engaged in cream 
distribution on a nation-wide basis. Sources of 
bacterial contamination and means of reducing 
infection to a minimum arc discussed in detail. 

A 24-hr. grading test as a means of forecasting 
the probable keeping quality of pasteurized cream 
was evolved. The test consisted essentially of 
inoculating 10 ml. of sterilized milk containing 
0.01% bromcresol purple with 1 ml. of cream, 
incubating the tubes at 30 ± 1 ° C, and examining 
them after 16-17 hr. and again at 24-25 hr. to 
grade 4 in which case cither definite acid or 
acid and clot were observable after 16 hr. and 
both acid and clot after 24 hr. 

Data from 2558 samples of heat-treated cream 
are pre.scnted to show the relation.ship between 
the grading test, coliform test, colony count and 
keeping quality. A decline from grade 1 to 
grade 4 was accompanied by a pronounced re- 
duction in the mean keeping quality, amounting 
to a difference of roughly 10 hr. between each 
grade. In general, there was a greater correla- 
tion between keeping quality and the coliform test 
than with mean colony counts at 37° C, 

E. L. Thomas 

395. How to produce and deliver high-quality 
cream. E. M. Barker, Rochester Dairy Coopera- 
tive. Am. Milk Rev., 11, 2: 21, 22, 24, 62. Feb., 
1949. 

Cream of uniform high quality may be pro- 
duced if (a) milk is graded closely at the intake 
for flavor and odor, (b) effective sediment-con- 
trol is maintained, (c) bacteria counts arc made 
of producers’ milk with arrangements for follow- 
up of unsatisfactory milk, (d) clean cans are 
returned to the farmer, (e) milk is cooled to 
40° F. when received if it is to be stored before 
separating (f) air incorporation is minimized, 
(g) copper-free equipment is used, (h) equip- 
ment is cleaned and sterilized properly, (i) 
proper pumps are used, (j) equipment of sani- 


tary design is used, (k) clean, sterile cans are 
used for storage and shipment and (1) cars are 
scheduled and iced properly. D. J. Hankinson 

396. Fat variations in milk. Part one^Farm 
factors. I. A. Gould and R. E. Stout, Univ. 
of Marylmd, College Park. Milk Plant Monthly, 
38, 2: 32-35, 44-45. Feb., 1949. 

Despite continued efforts to provide harmoni- 
ous producer-plant relationships, misunderstand- 
ing as to the cause of fat variations in milk fre- 
quently arises. Basically the causes of fat varia- 
tions may be divided into: (a) farm factors and 
(b) dairy plant factors. 

The daily weights and corresponding fat tests 
of milk received at dairy plants do vary because 
of (a) breed and individual variations, (b) stage 
of lactation, (c) season of the year and tempera- 
ture, (d) interval between milking, (e) exercise, 
(f} herd management and (g) such miscellaneous 
factors as disease, age of cow and oestrum period. 

The comparison of D. H. I. A. tests with plant 
tests also has accounted for much misunderstand- 
ing. However, it must be remembered that there 
are numerous reasons why the D. H. I. A. tests 
do not agree with plant tests: (a) plant tests 
usually are composite tests or periodic spot tests 
whereas the D. H. I. A. tests cover only a 1-day 
period (b) usually the manner of milking is 
changed considerably the day the D. H. I. A. 
tests arc conducted and (c) all the milk tested 
on the farm actually may not reach the plant 
due to home usage, spillage, feeding, etc. 

J. A. Meiser, Jr. 

397. Fat variations in milk. Part two. Dairy 
plant factors. I. A. Gould and R. E. Stout, 
Univ. of Matyland, College Park. Milk Plant 
Monthly, 38, 3: 36-41. Mar., 1949. 

Those dairy plant procedures influencing fat 
variations in milk are: (a) dumping the milk, 
(b) weigh tank sampling, (c) care and prepara- 
tion of samples and (d) testing. Proper design 
and agitation have done much to eliminate errors 
due to weightank sampling. Where fresh sam- 
ples serve as a basis of payment, at least five 
samples should be taken per month, including 
at least one Sunday or holiday sample. Time- 
composite samples must be taken proportion- 
ately using the proper concentration of an ap- 
proved germicidal agent, placed in closed con- 
tainers and stored in a dark room at 45° F. for 
a period of time not exceeding 2 wk. Testing 
must be done according to the recommended 
procedures for the Babcock test. 

J. A. Meiser, Jr. 

Also see abs. no. 273, 310, 311, 312, 313, 314, 
328, 329, 336, 337, 339, 340, 344, 345, 348, 351, 
352, 353, 354, 355, 357, 358, 360, 403. 
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MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

398. Acetate as a possible precursor of ruminant 
milk fat, particularly the short chain fatty acids. 
S. J. Folley and T, H. French. Nature, 163, 
4135: 174. 1949. 

In vitro experiments with mammary gland 
slices indicate that the short fatty acids (04-0,4) 
found in the milk of ruminants are synlhe.sized 
from acetate, rather than formed from carbo- 
hydrates, as in the case with non-ruminant animals. 
Considerable quantities of acetate arc formed in 
the rumen and absorbed into the blood. 

R. Whitaker 

NUTRITIVE VALUE OF DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

399. Consideration in the utilization of .solids 
not fat in dairy industry. H. H. Sommer. 
Can. Dairy Ice Cream J., 27, 9: 42-45. Sept., 
1918. 

The skim milk solids must be valued more 
so that the milk fat may be valued less and .still 
leave the price of milk at a level that will stim- 
ulate production. The dairy industry cannot 
compete with other food fats if the milk fat 
has to carry the major part of the ro.st of pro- 
ducing milk. With all the outlets for skim milk 
and condensed and dried skim milk products, 
approximately 20 billion Ih. of skim milk had 
no market in 1946. A market for skim milk 
must be found for human food uses uithout re- 
sorting to filled products like filled milk, filled 
cream, filled ice cream and filled cheese and 
oleomargarine. We .should encourage the greater 
use of cottage cheese, and skim milk powder and 
the production of high-testing milk as there arc 
lc.ss solids not fat in high-testing milk. 

H. Pyenson 

400. Dairy foods and the adequate diet. 11. A. 

Ruehe, Univ. of Illinois, Urbana. Milk Plant 
Monthly, 38, 2: 36-37. Feb., 1949. 

A discussion of the nutritional importance of 
carbohydrates, fats and proteins in the human 
diet is presented. Listing vital nutritional in- 
formation on the various dairy products, he 
points out the need for consumer education; this 
would create a better market for dairy products 
and also foster nutritional welfare work among 
the consuming public. J. A. Mci.scr, Jr. 

401. Nutrition research in the dairy industry. 
Ethel Austin Martin. Can. Dairy Ice Cream 
J., 27, 8: 33-37, 72. Aug., 1948. 


Dairy industry research studies must be planned 
to yield new constructive nutrition data which 
furnish a steady stream of fresh, pertinent facts 
about dairy products and nutrition information 
of the type needed to correct and clarify misin- 
formation about dairy products. Approximately 
50 industry-supported nutrition research studies 
now are underway or recently completed in 25 
universities and colleges. The projects concern- 
ing the individual nutrients in dairy products 
consist of studies on the fats, proteins, minerals, 
lactose and the vitamin.s, riboflavin and niacin. 
Projects dealing with dairy products as whole 
foods include infant feeding, milk in breads, milk 
in dental caries prevention, ice cream in the 
diet, therapeutic diets and dairy products that 
supplement the diet of children to improve their 
nutritional well-being. 

Nutrition research, to be effective, must be 
well-supported, well-planned, purposeful, in line 
with other nutrition research which is conducted 
and also keyed to the needs of the industry. 

H. Pyenson 

402. Dietary needs of special age groups. 

Helen Oldham, Univ. of Chicago, Chicago, 111. 
Milk Dealer, 38, 5: 45-46, 118-122. Feb., 1949. 

Following a discussion of minimal and optimal 
requirements as well as recommended dietary 
allowances, the dietary needs of individuals over 
50 are di.scusscd. Available data show that in- 
dividuals in this age group consume from 300 
to 500 less calorics per d, than the average 
young adult. However, there is evidence that the 
protein and Ca requirements of the individual 
over 50 arc at least as great and possibly exceed 
those of the average young adult. The data 
are not in full agreement as to the vitamin re- 
quirement but indicate that an intake of approx. 
2,000 mg. ascorbic acid, 20 to 90 mg. thiamine 
and 475 mg. niacin per d. is beneficial. Rea.sons 
elderly people fail to get adequate amounts of 
nutrients are discussed; the use of non-fat dry 
milk solids and fluid skim milk is suggested as at 
least a partial remedy. G. J. Babcock 

403. Interpreting assay reports on your vitamin 
D milk. Barbara L. Car.son. Ohio Agr. Expt. 
Station, Wooster, O. Milk Dealer, 38, 5: 41, 
114-116. Feb., 1949. 

The commonly-used “line test”, involving the 
measurement of the width of the healed area in 
the bones of the front legs of rachitic rats when 
.such rats have been fed vitamin D, is described 
in simple terms and its application to assay of 
vitamin D milk discussed. C. J. Babcock 

404. Icc cream — a nutritious food. A. C. Dahl- 
BERG, Cornell Univ., Ithaca, N. Y. Icc Cream 
Rev., 32, 7; 34, 76-82. Feb., 1949. 
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Sec abs. no. 256, J. Dairy Sci., 31, 7: A99. 
1948. 

405. The effect of autoclaving with dextrose 
on the nutritive value of casein. £. E. McInroy, 
H. K. Murer and R. Thiessen, Jr., General 
Foods Gorp., Hoboken, N. J. Arch. Biochem., 20, 
2: 25&-260. Feb., 1949 . 

When crude casein was mixed with 0.5 g. 
of water and 1 g. anhydrous dextrose for every 
g. of protein and autoclaved 2 hr. at 250® F., 
its growth-promoting qualities were destroyed 
for weanling albino rats. This treatment pro- 
duced a rubbery, dark brown material contain- 
ing no detectable free amino groups. A similar 
treatment of casein in the absence of dextrose only 
slightly impaired its nutritional properties. When 
the moist mixture of casein and dextrose was 
air-dried at room temperature, no apparent effect 
on the growth-promoting qualities of the casein 
was observed; the biological value of this mixture 
was comparable to that of the untreated casein 
control. H. J. Peppier 

406. Amino acid and unsaturated fatty acid re- 
quirements of Clostridium sporogenes. G. M. 
Shull, R. W. Thoma and W. H. Peterson. 
Univ. of Wisconsin, Madison. Arch. Biochem., 
20, 2: 227-241. Feb., 1949. 

Vaccenic acid was found to he as active as 
oleic acid in replacing biotin for Clostridium 
sporogenes (ATC 10,000) grown in a chemically- 
defined medium. A synthetic preparation of 
franj-vaccenic acid produced only 0.25 of the 
growth stimulation exhibited by synthetic cis- 
vaccenic acid. Natural vaccenic acid is con- 
sidered to be of the tranj-type. H. J. Peppier 

407. Microorganisms in the cecal contents of 
rats fed various carbohydrates and fats. H. 
Nath, V. R. Barki, W, B. Sarles and C. A. 
Rlvehjem, Univ. of Wisconsin, Madison. J. 
Bact., 56, 6: 783-793. Dec., 1948. 

Obscrv'ations were made on the cecal flora of 
rats fed sucrose, lactose or dextrin, and butterfat 
or corn oil. In all cases lactic organisms domi- 
nated. Lactose induced much higher plate counts 
than did sucrose or dextrin. Lactose-fed animals 
also had greater total cecal contents. Lactose 
tends to maintain a high coliform population as 
well as large numbers of aciduric bacteria. Dex- 
trin also stimulates coliforms. Counts of all types 
of organisms were low in the ceca of animals 
fed sucrose. 

No significant differences in numbers of dif- 
ferent kinds of bacteria per g. of cecal contents 
were observed whether butterfat or com oil 


was fed. However, butterfat-fed rats had heavier 
cecal contents and, therefore, greater total num- 
bers of cecal microorganisms. Coliform organisms 
are decreased by increasing fat in the diet but 
lactic organisms arc affected little. The ratio 
of aerobic to anaerobic plate counts was highest 
on the dextrin diet, lowest with lactose. 

D. P. Click 

Also see abs. no. 290. 

PHYSIOLOGY AND 
ENDOCRINOLOGY 
R. P. REECE. SECTION EDITOR 

408. Reactions to hot atmospheres of Jersey 
cows in milk. R. F. Riek and D. H. K. Lee, 
University of Queensland, Brisbane, Australia. 
J. Dairy Re.search, 15, 3: 219-226. May, 1948. 

Four grade Jersey cows were subjected to vari- 
ous combinations of dry-bulb temperatures from 
85 to 110® F. and of absolute humidity from 6 
to grains of moisture per ft.* The animals 
were admitted twice a wk. for 10 wk. to the air 
conditioned room in which the desired tempera- 
tures and humidity had been produced. They 
remained in the room for 7 hr. or until the 
rectal temp, reached 107® F. Animals were tied 
so as to permit them to lie down or stand at 
will. Water at atmospheric temp, was offered 
on all occasions 3.5 hr. after admission. 

Rectal temp, rose to higher values with less 
ready establishment of equilibrium the hotter the 
condition, but exceeded 107® F. only in the 
hottest atmosphere studied (110® F., absolute 
humidity 16 gr./ft.'O. Respiratory rate was 
affected similarly. In both cases, humidity had 
a marked effect as well as temp., an increment of 
0.4 gr./ft.* (approx. 4%) in humidity having the 
same effect as 1® F. rise in air temp. The 
highest av. respiratory rate was 200/min. Pulse 
rate was essentially unaffected by rise in temp, 
but tended to rise somewhat with humidity. 
Evaporative loss was increased markedly by 
temperature, but much le.ss .so by humidity. 
Neither milk nor butterfat production was es- 
.scntially affected by the exposures. Blood cal- 
cium and phosphate levels fell but the eryth- 
rocyte count w’as unchanged. Behavior change? 
included .some licking, panting, salivation, mild 
agitation, rc.ssation of rumination and refusal of 
water. E. L. Thomas 

409. Reactions of Jersey calves to hot atmos- 
pheres. R. F. Riek and D. H. K. Lee, Univ. 
of Queensland, Brisbane, Australia. J. Dairy 
Research, 15, 3: 227-232. May, 1948. 

Four grade Jersey calves, 8 wk. old, three fe- 
male and one male, the progeny of cows used in 
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a similar investigation (abs. no. 408) were sub- 
jected to the same combinations of dry-bulb 
temperature and humidity as the cows. The 
calves were fed twice a d. with about 0.75 gal. 
milk each. When the animals were not in the 
room, lucerne chaff and a concentrate mixture of 
bran, pollard and maize meal were allowed 
ad lib. 

Rectal temperatures rose rapidly to a higher 
level than was shown by cows under similar con- 
ditions but maintained a steady equilibrium there- 
after, except under the most severe conditions. 
Respiratory rate responses resembled those of rec- 
tal temperature, the differences from those of 
cows being even more striking. Humidity had 
relatively less effect upon the rectal temperature 
and respiriltory rate responses of calves than of 
cows. Pulse rate and tidal respiratory volumes 
were relatively unaffected, but minute respiratory 
volumes rose. Evaporative loss per unit body 
weight resembled that of cows (markedly in- 
creased by temp.) but humidity had less effect 
on the calves. Behavior changes resembled those 
of cows but weakness of the hind limbs was ob- 
served at rectal temp, about 106° F. Blood 
calcium, phosphate, sugar and erythrocyte levels 
were not essentially affected. 

Possible explanations for the lower thermal 
tolerance of calves, as compared with cows, arc 
considered. These include a suggested lower 
efficiency of sweat glands and a smaller thermal 
conductance through t(ic superficial tissues in 
calves. E, L. Thomas 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

410. Quaternaries vs. chlorine in bacteria con- 
trol. E. M. Foster, Univ. of Wisconsin, Madi- 
son. J. Milk Food Technol., 12, 1: 13-18. 
Jan.-Fcb., 1949. 

The use of quaternaries in the dairy industry 
has been advocated because these compounds 
have advantages over chlorine. The author has 
suggested a few of these characteristics, such as 
prolonged bacteriostatic action. The presence of 
organic matter does not interfere seriously with 
their action as compared to chlorine, and pro- 
duces less irritation than chlorine when used as 
a rinse solution for udders before milking. How- 
ever, quaternaries are more expensive than 
chlorine and usually act more slowly. They arc 
less effective germicides in the absence of organic 
matter and other unfavorable conditions such as 
hardness of water, pH and temperature, which 
further restrict their effectiveness. 

H. H. Weiser 


411. Sanitation in manufacturing and retailing 
ice cream. A. E. Berry. Can. Dair>' Ice Cream 
/., 27, 8: 27-30, 48. Aug., 1948. 

Sanitation must include cleanliness and safety 
against disease. The author speaks primarily 
about those conditions which prevail in the 
Province of Ontario. The article discusses the 
following points: (a) origin of contamination; 
(b) personnel and handling; (c) utensils; (d) 
sterilization; (e) methods of sterilization; (f) 
recent regulations; (g) medical examination of 
personnel; (h) containers; (i) scoops; (j) cones; 
(k) a sanitary code for the ice cream industry. 

H. Pyenson 

412. Detergency. J. C. L. Resuggan. Milk 
Ind., 29, 6: 44-48. Dec., 1948 and 29, 7 ; 39-43. 
Jan., 1949. 

These articles deal with a discussion of de- 
tergents, their nature and use, substances found 
in them and their importance to the dairymen. 

11. Pyenson 

413. Quaternary ammonium compounds for 
creamery chums. A. G. Leggatf. Can. Dairy 
Ice Cream J., 27, 12: 32-35, 74. Dec., 1948. 

The remarkable affinity of wood for this type 
of sterilizer makes it difficult to recommend 
strengths of solution to use for satisfactory sani- 
tization. There appears to be a danger of con- 
ditioning the microflora of a churn until it be- 
comes preponderantly gram-negative in character 
and many organisms of this type have been shown 
to be associated with flavor defects in butter. 
The effect of continued absorption should be 
investigated from the standpoint of stickiness 
and contamination of the cream by the leaching 
of the compound. Apparently the generally ac- 
cepted methods used for evaluating the germicidal 
efficiencies of disinfectants should not be used 
for these compounds. H. Pyenson 

414. Control of rodents and insects in dairy 
plants. E. M. Searls. Can. Dairy Ice Cream 
J., 27, 10: 72-73. Oct., 1948. 

Rat and mouse trapping should be done .sys- 
tematically. The old style clap-traps have been 
found most successful to date. I'en rat traps 
and ten mouse traps are enough for the average- 
sized plant. Bait the traps with something the 
rats like but can’t get; peanut butter, bacon rind, 
cheese, smoked fish, raw meat, raw fish, vege- 
table.s, bananas and other fruits are all good 
baits. All traps should be baited and set out 
the same evening. Rodent-proof barriers must 
be placed in all the openings. 

D.D.T. in the proper form seems to answer 
all the requirements for a good insecticide. A 
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5% D.D.T. in odorless kerosene has been found 
the most satisfactory form for use in a dairy 
plant as a residual spray. H. Pyenson 

MISCELLANEOUS 

415. Undercoating protects truck bodies. Ted 
Knight. Milk Plant Monthly, 38, 2 : 74-75. 
Feb., 1949. 

Coating the undercarriage and body interiors 
of delivery trucks increases the life of the unit 
by preventing corrosion due to the salt air and 
lactic acid, and insulates the unit against summer 
heat. The thickness of the coat applied ranges 
from 0.125 to 0.1875 in. For added motor 


protection and quick-starting during cold weather, 
application of a 0.125 in. coating to valve covers, 
valve push rod covers and oil pans has been 
most ^ective. J. A Meiser, Jr. 

416. Food poisoning. K. R. Stevens. Gan. 
Dairy Ice Cream J., 27, 8: 102-104. Aug., 1948. 

Characteristic symptoms of the various kinds 
of food poisoning, causes of the poisoning and 
how they may be prevented are summarized. 
The food poisonings mentioned are ptomaines. 
Salmonella, staphylococcal, botulism and chemi- 
cal food poisoning caused by arsenic, lead, cad- 
mium, fluoride, methyl chloride and tin. 

H. Pyenson 
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ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

417. Optical method of testing milk for relative 

uniformity. A. A. McMurray. U. S, Patent 
2,46P,101. 2 claims. Jan. 25, 1949. Official 

Gaz. U. S. Pat. Office, 618, 4: 1141. 1949. 

The milk from the various udder quarters of 
cows is tested rapidly for mastitis by this device, 
which consists of a dark-colored plastic disc sus- 
pended ill a horizontal position in a cup. Milk 
from one quarter is filmed evenly over the surface 
of the dist . A squirt of milk from another quarter 
then is directed on the disc; if normal, no change 
is apparent; if mastitic, a difference immediately 
is noted in the color of the milk blend on dark 
disc, due to the dilution caused by the watery 
tharader of the mastiti< milk. Milk from the 
remaining two quarters is tested in an identical 
manner, ' R. Whitaker 

BUTTER 

O. F. IIUNZIKER, SECTION EDITOR 

418. Das “Fucr” und “Wider” der verschiedenen 
Buttcrungsverfahren. (The pro and con of dif- 
ferent buttermaking procedures.) English sum- 
mar>\ M. E. Schulz and W, Schulz. Die 
Milchwissenschaft, 3, 8: 213-224; 3, 9; 2.53-259. 
Aug. and Sept., 194R 

The advantages and disadvantages of butter- 
making by the churn, Fritz and Alfa processes 
were .studied in three plants with daily outputs of 
butter from (a) 7,000, (b) 10,000 and (c) 50,000 
1 . of milk. The overhead cost declined in plants 
a and b from chum to Fritz to Alfa process, 
whereas in c Alfa was highest with chum and 
Fritz being similar and lower. The smaller floor 
space required by the Fritz and Alfa processes 
was of advantage in b and c, whereas in a, with 
extra floor space available, this advantage was not 
considered important. Most time was saved in 
a by the churn process, in b by the Fritz and Alfa 
processes and in c by the Fritz process. Most 
advantageous printing of butter was done in a 
with churn butter, in b with chum or Alfa butter 


and in c with Alfa butter. No preference in 
method or saving in personnel was reported in a 
and b with any of the methods, whereas the Fritz 
process w’as preferred in c. Plants b and c found 
the chum best for churning sour cream or rework- 
ing of butter. All plants favored the churn pro- 
cess for sale of fresh buttermilk. The operation 
costs were lowest for the chum process and high- 
est for the Alfa process. Fat losses were lowest in 
all plants with the Fritz and Alfa processes. 
Moisture control was simplest with the churn 
and most difficult with the Fritz process. The 
(hum process was given preference for suitability 
to make sour cream butter and for greatest suit- 
ability for .salting and coloring of butter, as well 
as for as'oiding body defects at all seasons. The 
Fritz process ranked second in the last item. In- 
corporation of air into butter was lca.st in the Alfa 
and highest in the Fritz process. Oiling-off of 
butler was least in the churn and highest in the 
Fritz butter. Working of butter without loss of 
moisture was best with churn and poorest with 
Fritz butter. The Fritz process permitted best 
moisture distribution and easiest cleaning, whereas 
the chum was poorest. The keeping qualities of 
both Fritz and Alfa butter were similar and much 
superior to chum butler. I. Peters. 

419. Process for making butter. G. W. Shad- 
wick. (A.s.signed to Beatrice Creamery Co.) 
U. S. Patent 2,463,915. 15 claims. Mar. 8, 1949. 
Official Gaz. U. S. Pat. Office, 620, 2 : 581 . 1949. 

Cream is .saturated with an inert gas under pres- 
sure and then released to atmospheric pressure to 
form a mass similar to whipped cream. Phase 
reversal and the consequent production of butter 
result when the expanded mass is agitated and 
worked. R. Whitaker 

420. Komplctterande provning av kamaeltare. 
Medellande nr 167 (ny foljd) fran Statens Mas- 
kinprovningar. (Tests on type W45 chum.) 

E. Samuei.s.son, Alnarp, Akarp. Mejeritekniska 
Medd., No. 5-6: 81-83. Dec., 1948 

The motor-driven chum, type W45, was found 
to be very satisfactory when used experimentally 
for making butter from both sweet and sour 
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cream. It proved to be especially practical and 
simple to operate. The observation period was 
too short for judging the durability of the chum. 
The churn drum was elevated, thus permitting 
easy emptying by dropping the butter into a tray 
placed under the churn. G. H. Wilster 

421. Det kugleformende og frie Fedt i Srnor^ 
fremstillet efter Fritz-Metoden, i Forhold til nogle 
Fremstillingsbetingelser. (The influence of some 
manufacturing data upon the globular and free 
fat in butter manufactured by the continuous 
Fritz-process.) English summary. N. King. 
Nord.Mejeri.Tid., 13, 11:3-6 1947. 

The changes in the entrance-temperature of the 
cream and in the capacity of the Fritz continuous 
churning machine involve corresponding changes 
in the percentage of the globular fat and in the 
number and average volume of the fat globules 
encountered in the butter manufactured by this 
method. 

The percentage of the globular fat increases at 
constant temperature with the increasing capacity 
linearly, as the treatment intensity exerted on the 
fat globules of the cream diminishes. At constant 
capacity the percentage of the fat diminishes with 
the increasing entrance temperature of the cream, 
as the globules with increasing temperature grow 
sofer and thefore arc destroyed more easily. 
Linear relations also exist between the number 
and the average volume of the fat globules on one 
side and the capacity of the churning machine on 
the other side. The difference in the capacity 
and the entrance-temperature also influence the 
form of the fat globules. Lower temperature and 
higher capacity minimize deformation of the 
globules. The globules were regularly round and 
surrounded by a finely-formed bright birefringent 
edge (consisting probably of oriented * tiny fat 
crystals). With higher entrance-temperature of 
the cream and with lower capacity, in contrast, 
the globules were strongly deformed. 

G. H. Wilster 

422. Konsistenz der Butter. (The body char- 
acteristics of butter.) EngJi.sh summary. W. 
Mohr and J. Wellm. Die Milchwisscnschaft, 
3, 8: 232-242. Aug., 1948. 

Samples of summer and winter butter made by 
the chum, Fritz and Alfa processe^s were examined 
for body characteristics by the following methods: 
(a) cutting resistance, (b) cone flow point, and 
(c) plastometer. All three methods were used 
with equal .success. Since the values obtained by 
the three methods did not fall on the same point 
on the flow curve of butter, the results cannot 
be considered as strictly proportional. By means 
of the above methods it was possible to detect 


invisible differences in the structure of butter, such 
as crumbliness, oilincss and layer formation. The 
three methods offer great possibilities in studying 
the structural characteristics of butter, since each 
method expresses thixotropic changes of butter 
in a different manner. I. Peters 

423. Butter slicer. P. H. Morse. U. S. Patent 
2,464,339. 3 claims. Mar. 15, 1949. Official 
Gaz. U. S. Pat. Office, 620, 3 : 840. 1949. 

Butter in block form automatically is advanced 
forward, step by step, as a slicing knife cuts off 
rectangular shaped portions of butter suitable for 
wrapping for retail trade. R. Whitaker 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

424. Over de oorzak der gasvorming in korstlo.se 
kaas. (On the cause of the gassy fermentation 
in processed cheese.) English summary. J. W. 
Pette and j. L. Liebert, RyMandbouwprocf- 
.station, Hoorn, Holland. Vcrslag. Landbouwk, 
Ondcrzock., 54, 2: 1-23. 1948. 

A bacteriological investigation was made of 
different kinds of gas-fermenting bacteria in 
blown processed cheese. In hard process cheese 
(maximum water content, 50-55%) lactate- fer- 
menting butyric acid bacteria [Clostridium tyro- 
butyricum) nearly always caused the blowing; 
sometimes propionic acid bacteria did so, too. 
In soft process (maximum water content, 58-63%) 
the .same was true for the butyric acid bacteria; 
in a few cases putrifying bacteria played a part. 

In trying to cause gassy fermentation by inoc- 
ulating butyric acid bacteria into process cheese, 
several factors were investigated. If the maxi- 
mum temperature of processing was below 70® C., 
blowing occurred, if higher it generally did not 
occur. Possibly lactic acid bacteria, which can 
develop after low processing temperatures, cause 
better anaerobic conditions for the butyric acid 
bacteria. Processing should be done at so high a 
temperature that nearly all lactic acid bacteria arc 
killed. Probably lactic acid bacteria only lower 
the redox-potential. This seems to be very impor- 
tant for the gassy fermentation. High processing 
temperature may give blowing if the redox- 
potential is lowered in another way, i.c., by meta- 
bolic processes of Escherichia-Aerobacter bacteria. 
This kind of “early blowing” cheese should not 
be processed together with “late blowing” cheese. 

It is not advisable to store at a high temperature 
a finished product wherein “late blowing” cheese 
was processed, because this would give a good 
chance for lactic acid bacteria to develop and 
thus for butyric acid, also. A. F. Tamsma 
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425. De invloed van kaliumnitraat op de boter- 
zuurgisting in kaas. (The influence of potassium 
nitrate on the butyric acid fermentation in 
cheese.) English summary. E. A. Vos, Ryks- 
landbouwprocfstation, Hoorn, Holland. The 
Netherlands Milk Dairy J., 2, 4: 223-245. Ort.- 
Dcc., 1948. 

To know more about the influence of KNOg on 
the butyric acid fermentation in cheese, experi- 
ments were done with Clostridium tyrobutyricum 
Van Beynum and Pettc. In liquid and solid cul- 
ture media and in Edam cheese the influence of 
nitrate and nitrite was investigated. In liquid 
media KNO3 was reduced, giving per mol. KNO3 
about 3 mol. Hj less in the fermentation gas. 
In solid media with 10% gelatin, this reduction 
mostly did not take place at all, but sometimes 
was observed to a small extent. In culture media 
the nitrate could not stop butyric acid fennenta- 
tion, although nitrite concentrations of 0.007% 
were effective in liquid media. The nitrite dis- 
appeared rather quickly, being unstable in acid 
organic solution. In cheese nitrate concentra- 
tions of 0.03, 0.01, 0.005 and 0.0025% added to 
the milk stopped the butyric acid fermentation. 
The spores were not killed but did not develop. 
This effect was not caused by nitrite, because no 
more nitrite could be detected in the experi- 
mental cheeses than in the control cheeses. Ex- 
periments with nitrite used instead of nitrate 
showed about the same effect in cheese. Al- 
though nitrate, and especially nitrite concentra- 
tions, decreased rather quickly, they always 
.stopped the development of butyric acid bacteria. 
'Phis action was ascribed to an increased oxida- 
tion-reduction potential in the cheese. 'Hie 
strongly anaerobic butyric acid bacteria cannot 
develop at the higher potentials, but are not 
killed. Measurements of the oxidation-reduction 
potential were carried out, using gold or platinum 
wires as electrodes. I’hese were driven into the 
cheese and the hole in the rind of the cheese 
around the electrode sealed with liquid paraffin. 
Without nitrate the rH (Clark’s rli value) was 
about 3.7; in case of butyric acid, fermentation 
values below 1 were found. With nitrate added 
the figures averaged about 7.5, indicating that 
this difference might cause the effect. Nitrate and 
nitrite arc supposed to influence the potential via 
metabolic processes of bacteria. The potential 
drop in case of butyric acid fermentation is ob- 
served some weeks before gas holes develop and 
before a development of butyric acid bacteria is 
shown by bacteriological analysis. 

A. F. Tamsma 

426. Kyllagringsforsok med ost. (Low-temper- 
ature storage experiments with cheese.) Anony- 


Aious. Svenska Mcjeritidningen, 40, 44; 408- 
410. Oct., 1948. 

Milk production in Sweden is about 50% higher 
in June and July than in Oct. and Nov. Experi- 
mental work was undertaken to determine the 
most satisfactory conditions for storage of cheese 
to maintain high quality economically. The 
study was made on a total of 47,000 kg. cheese. 
I’he results were published by K. E. Thom^, T. 
Bergman and S. Hoff in “Meddeland nr. 22” 
from Swedish “mejeriforsok.” The cheese varie- 
ties were herrgards, svccia and gouda. Half the 
cheese used in the experiments was stored on 
shelves in the usual manner and half was placed 
under refrigeration at a low temperature. All 
the cheese was judged at 2-mo. intervals while 
stored for 8 mo. Composition, flavor and aroma 
were noted carefully and recorded. A better 
quality cheese resulted from low-temperature 
storage. It was concluded that storage of 
cheese under refrigeration was a distinct ad- 
vantage to those in the cheese industry in Sweden. 

G. II. Wilsler 

427. Mekanisk vandning av osten pa lagret. 
(Mechanical turning of chccsc on the shelves.) 
Anonymous. Svenska Mejcritidningen, 40, 21: 
224-225. May, 1948. 

For the mechanical turning of cheese, an ap- 
paratus developed by G. Jonsson, Malmb Nya 
Mejeriforening, is used. This consists of two 
perpendicular side pieces, the same height as the 
cheese curing room and furnished with wheels 
or casters. The equipment moves on rails fas- 
tened either to the ceiling or laid on the floor. 
The two side pieces are joined by a center shaft 
which can be made to move either upward or 
dowm\ard. This center shaft is made with axles 
and two tongs which can grip the cheese shelves 
and turn them. 

An illustration is given of the numbered .shelves 
and how they are moved and turned mechanically 
with the cheese upon them. Shelf number 3 with 
cheese lying flat upon it is moved gently out 
toward the next row of shelves and then tilted 
upright, a brace holding the cheese standing on 
it, as the shelf glides over to .shelf no. 16 just 
across from shelf 3 on the illustration. The clieese 
now is turned off mechanically onto .shelf 16, so 
the side which was on top now is on the bottom. 
In like manner all the shelves with the cheese are 
moved and the cheese turned over mechanically. 

Several corntruction problems remain to be 
solved before mechanical means for turning cheese 
can be used widely. G. H. WiKstcr 

Also .sec abs. no. 429, 443. 
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CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

428. Reino\4iig ultimate moisture from pow- 
dered products. A. C. Beardslee. (Assigned to 
the Borden Co.) U. S. Patent 2,465,963. 2 
claims. Mar, 29, 1949. Official Gaz. U. S. Pat. 
Office, 620, 5 : 1539. 1949. 

Powdered food products, such as milk, having a 
low final moisture content, first arc dried in the 
conventional way and then further dried by passing 
through a chamber maintained under a vacuum 
not exceeding 20 mm. mercury. Heat is applied 
to the outside of the chamber and air is admitted 
to facilitate movement of the product and the 
evaporation of the moisture. After cooling under 
reduced pressure, the product with a low moisture 
content is packed in sealed containers. 

R. Whitaker 

429. The preparation of dried whey-potato mix- 
tures. Albert H. Stevens, U. S. Dept, of Agr., 
Washington. Natl. Butter Cheese J., 40, 4: 28- 
29, 60, 62. Apr., 1949. 

A mixture of cheese whey and potatoes, com- 
bined in the proper proportions, can be dried 
successfully. The resulting product is important 
because of its nutritional value and as a means of 
utilizing surplus production. The whey-potato 
mixture ran be used in making bread, cakes, 
wafers, pancakes, doughnuts, dried soups and as 
an animal feed. 

The whey-potato mixture can be dried by cither 
the spray or drum process. The titratable acidity 
of the whey will influence the amount of potato 
solids needed to produce a film on the drum 
drier. For drum-drying, 32.5 lb. of peftatoes arc 
used per 100 lb. of cheese whey of acidity not to 
exceed 0.38%. The potatoes are washed, cooked 
until soft, ground and combined with preheated 
(165* F.) whey, agitated for 10 min, and homo- 
genized at 1,500 lb. pressure. Prior to drying, 
the mixture is preheated to 160* F. It is dried 
using 50 lb. steam pressure for a maximum drum 
speed of 12 rpm. or 100 lb. of steam pressure for 
a maximum drum speed of 20 rpm. The clear- 
ance between the rollers should be the same as 
that used for drying skim milk. H. E. Calbcrt 

430. Manufacture, use and storage of delty- 
drated, sweetened, condensed skim milk. A. T. 
Mussett and W. H. Martin, Kansas State Col- 
lege, Manhattan. Rept. Proc. Intern. Assoc. Ice 
Cream Mfrs., 44th Arm. Conv., 2: 15-22 Oct, 
1948. 

Sec abs. no. 88, p. A19. 


431. The Babcock fat test of reconstituted milk. 
G. M. Trout, J. R. Brunner and P. S. Luoas, 
Michigan Agricultural Experiment Station, East 
Lansing. Am. Milk Rev., 11, 3; 48-49. Mar., 
1949. 

See abs. no. 329, p. A71. 

Also see abs. no. 443, 447. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

432. Direct microscopic clump counts of pas- 
teurized milk by carbolatcd Newman-Lampert 
no. 2, and the acid- and water-free methylene 
blue staining procedures. B. S. Levine and L. 
A. Black, U. S. Pub. Health Service, Cincinnati, 
O. J. Milk and Food Technol., 12, 2: 69-74, 83. 
Mar.-Apr., 1949. 

The effect of laboratory pasteurization of raw 
milk on direct microscopic stains was studied. 
Curbolated Newman-Lambert no. 2 and acid- and 
water-free methylene blue stains were used. Two 
lots of 25 milk samples were studied microscopi- 
cally after the samples were held at 4* C. for 
24 hr. 

Post-pasteurization counts appeared to be the 
greatest with carbolatcd methylene blue stain. 
The pasteurized samples held in the refrigerator 
for 24 hr. reduced this loss by 12% by logarithmic 
average and 15% by arithmetic average, using 
Newman-Lampert stain. The count was less on 
the pasteurized milk than when using the carbo- 
lated stain. Acid- and water-free stain showed a 
diminution in bacterial counts on post-pasteurized 
samples and the counts were lowest after storing 
the samples in the refrigerator for 24 hr. The 
authors believe there is no evidence to support 
the opinions that pasteurization of milk causes the 
bacteria to disintegrate during the cooling period. 
Heating may cause a denaturation of bacterial 
proteins and also affect the buffer system of the 
milk, thus influencing the adsorption of the dye 
by the bacteria. H. H. Weiscr 

433. Om koliprovet. (For bacteria calcula- 
tions.) A. Leesment. Mejeritekniska Medd., 
no. 2: 17-19, 26-27. Apr.-May, 1948. 

A new method for counting bacteria in milk 
has been tried. Measuring the milk was done 
with a calibrated platinum loop which contained 
0.033 ml. milk. Experiments showed that the 
platinum loop was just as useful in estimating the 
bacteria when streaking on media in petri dishes 
or in Bergman flasks as when estimates were done 
with roll flasks. Estimation of colon organisms 
with the roll culture method proved highly suc- 
cessful. The results were less variable than with 
the streak method. The saving of media was a 
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noteworthy factor since about 3 ggr. (?) less was 
needed for a culture by the roll method than by 
the petri dish method. The roll method there- 
fore would seem to be suitable for laboratories 
with large numbers of milk samples to be ex- 
amined. Some special equipment is necessary. 

G. H. Wilster 

434. Ein Universal-Aganiahrboden fiir das mol- 
kerei-bakteriologische Laboratorium. (A univer- 
sal agar medium for tbe bacteriological dairy lab- 
oratory.) English summary. A. Touoroff and 
K. Assenowa. Die Milchwissenschaft, 3, 9 : 263- 
266. Sept., 1948. 

Whey agar, nutrient agar and wort agar were 
tried alone or in various combinations with single 
cultures of Streptococcus lactisj Streptococcus 
cremoriSj Streptococcus thermophilus, Tjictobacil- 
lus bulgaricus, Lactobacillus helveticus^ Escheru 
chia coli, Aerobacter aerogenes. Bacillus subtilis, 
a lactose-fermenting yeast, a pellicle-forming yeast 
and Penicillium camemberti candidum. All 
lactic bacteria tried preferred the combined whey 
and nutrient agar to the prescribed nutrient agar 
plus 1 % lactose. All test organisms showed good 
growth and development on a universal medium 
containing two parts of whey agar, two parts of 
nutrient agar and one part of wort agar at pH 6.5. 
This universal medium is recommended to re- 
place the three separate media and the lactose 
medium formerly used in dairy laboratories in 
Germany. ' I. Peters 

435. High colony counts in pasteurized milk 
caused by bacteria from efficiently sterilized 
plant. C. S. Morris and M, Edwards, Natl. Agr. 
Advisory Serv., Sarcross, Devon. Proc. Soc. Ap- 
plied Bact., 1947, 1 : 21-23. 1947. 

Samples of pasteurized milk from one dairy 
consistently were found to have colony counts of 
about 10 million/ml. after storage at 18® C. for 
24 hr., although counts before storage were less 
than 10,000/ml. prior to the incubation. Swab- 
bings from equipment were made, inoculated into 
pasteurized milk and incubated 24 hr. at 18® C. 
Pipe lines, the filler bowl, filler valve and bottles 
harbored the organisms which were capable of the 
rapid growth at 18® C. These bacteria were pres- 
ent only in small numbers on the equipment. The 
bacteria were gram-negative and did not ferment 
sugars or effect any change in litmus milk. They 
also were not detected by the resazurin test, the 
test originally recommended for use in conjunc- 
tion with the storage quality test. M. L. Speck 

436. The incidence of thermoduric organisms in 
farm milk supplies with some observations on die 
dominant ty^* S. B. Thomas, Natl. Agr. Ad- 


visory Serv., Crosswood, and E. J. Evans and L. 
B. Jones, Natl. Milk Testing Serv., Brynawel, 
Aberystwyth. Proc. Soc. Applied Bact., 1947, 1 : 
15-18. 1947. 

Milk samples, collected from cans on arrival at 
the milk plant, were stored at atmospheric shade 
temperature until 22-28 hr. old and then 10 ml. 
volumes were pasteurized at 63.5 ±0.1° G. for 
30 min. Plates were poured using yeastrel milk 
agar and were incubated at 30 ±0.5° C. for 4 d. 
Thermoduric counts were found to be the highest 
during Dec.-Fcb. and June-Aug. Careless clean- 
ing of equipment was found to be the cause of the 
winter peak, while higher initial thermoduric 
counts of summer milk were considered the cause 
of the peak at that season. Hypochlorite and boil- 
ing water sterilization of utensils were found to be 
very effective in keeping the thermoduric counts 
low; steam was moderately effective; warm water 
washing was very ineffective. The types of ther- 
moduric bacteria isolated in their order of occur- 
rence were: microbacteria (approx. 70%), fol- 
lowed by micrococci (and sarcina), spore-formers, 
gram-negative rods, streptococci, actinomycetes 
and yeasts. The method of utensil sterilization 
had no effect on the order of the occurrence and 
but slight effect on the % of these types of bac- 
teria present in the milk. M. L. Speck 

437. The seasonal incidence of thermoduric or- 
ganisms in farm milk supplies. S. B. Thomas, P. 
M. Hobson and P. M. Frankun, Natl. Agr. Ad- 
visory Service, Trawscoed, Aberystwyth. Dairy 
Ind., 14, 1: 31-37, 44. Jan., 1949. 

Monthly thermoduric bacterial counts were ob- 
tained on milk from 210 farms over a period of 
1 yr. The thermoduric bacterial content, both at 
30 and at 37° C., of farm milk supplies of poor 
as well as of fair hygienic quality generally was 
highest in summer and lowest in winter. This is 
to be expected, since the incidence of high thermo- 
duric counts increases with an increase in raw 
milk colony counts. 

Milk supplies handled in thoroughly sterilized 
utensils, so that the heat resistant bacteria rarely 
exceeded 10,000 per ml., had a higher incidence 
of thermoduric organisms in winter than in sum- 
mer. Probably farms with facilities for steam 
sterilization apply it more carefully and more con- 
sistently during warm weather, thus reducing the 
thermoduric colony counts during summer. 

G. H. Watrous, Jr. 

438. A modified procedure for determining the 
thermoduric bacterial content of milk. D. A. 
McKenzie and J. Lambert, Provincial I.abora- 
tory, Leeds 6. Proc. Soc. Applied Bact., 1947, 1 : 
19-20. 1947. 

The method is based on that of Myers and 
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Pence. Samples of milk arc pasteurized and then 
0.01 ml. of the sample, as obtained by a calibrated 
loop, is inoculated into yeastrel agar contained in 
a 2-oz. flat medical bottle. Then, as is customary 
in the oval tube technic, the bottles are laid on a 
flat side and the agar allowed to solidify. Incu- 
bation is for 3 d. at 30° C. Thermoduric counts 
made by this method were lower than those made 
by the plating method. Therefore, it was pro- 
posed that the maximum count allowable by the 
plate method be reduced by 50% in the modifled 
technic. It was suggested that a keeping quality 
test be performed simultaneously with the thermo- 
duric count, as the latter alone cannot be used to 
determine poor production methods. 

M. L. Speck 

439. Preliminary observations on various tem- 
perature characteristics of some facultative psy- 
chrophilic bacteria. C. V. Chandra Sekiiak and 
N. Walker, Univ. College Wales, Aberystwyth. 
Proc. Soc. Applied Bad., 1947, 1: 24-27. 1947. 

Some of the cultures which grew during the 
refrigeration of milk grew in broth and on agar at 
3-5° C. but the optimum temperature was about 
24° C. Similar results were obtained with the fer- 
mentation of carlTohyd rates and certain other bio- 
chemical tests. COo production was greater at 24 
than at 37° C. by two cultures, while a third pro- 
duced more COg at 37° C, Lactate dehydro- 
genase activity of six cultures showed the tempera- 
ture optimum to be at 44° C. M. L. Speck 

440. Die Milchsaurestreptokokken und Dege- 
nerations-Erscheinungen im Saureweeker. (The 
lactic acid streptococci and their degeneration in 
starters.) English summary. A. Hadzi-An'HC. 
Die Milchwisscnschaft, 3, 9; 260-2G3. Sept., 
1948. 

Sixty-five per cent of the strains isolated from 
a commercial starter were constant in their mor- 
phological characteristics, whereas the other 35% 
were not. Degenerated Streptococcus cremoris 
strains, forming pairs or short chains, were regen- 
erated in size and chain length by from five to 
seven transfers in litmus milk containing from 1 
to 100 mg. potassium meta bisulfite per 100 ml. 
of medium. A similar treatment with constant 
Streptococcus laciis strains did not result in chain 
formation. Potassium meta bisulfite and ascorbic 
acid were used for the regeneration of S, lactis. 

The step-wise degeneration of starter cultures 
begins with decrease in aroma, followed by de- 
crease in volatile acids and slow lactic acid pro- 
duction. Mixed cultures are more resistant to- 
ward degeneration than are single-strain cultures. 
The most ideal growth conditions for both the 
constant and variable strains exist under faculta- 


tive anaerobic conditions, such as arc in the lower 
level of the starter. For be.st results inoculum 
should be taken from the bottom of the mother 
culture. I. Peters 

44]. Coliforms, their significance and control in 
ice cream making. G. W. Shadwick, Beatrice 
Foods Co., Chicago, 111. Kept. Proc. Intern. As- 
soc. Ice Cream Mfrs., 44th Ann. Coiiv., 2: 69-73. 
Oct., 1948. 

The presence of coliform organisms in ice 
cream does not mean necessarily that the product 
is unsafe from the public health standpoint or 
that fecal material is present. However, it may 
be an indication of careless and unsanitary condi- 
tions of manufacture. A list of steps that should 
be taken in the manufacturing plant in order to 
eliminate contamination with coliform and other 
organisms was presented. H. B. Naylor 

442. The testing of frozen eggs for pathogens. 
S. E. IIartsell, Purdue Univ., Lafayette, Ind. 
J. Milk and Food Technol., 12, 2: 107-108. 
Mar .-Apr., 1949. 

A comparative study was made on frozen eggs 
to evaluate the usefulness of difTerent differential 
culture media in determining the longevity of cer- 
tain pathogens in the product. Staphylococcus 
aureus i S, lypho%a> S. oranienburg, S. aertrycke 
and Escherichia cali were able to survive in frozen 
eggs up to U) mo. at -1 7.8° C. (0° F.). The cul- 
ture media used were glut osr tryptone agar, yeast 
water and veal infusion agar in addition to selec- 
tive media — dcsoxychoJate agar, MarConkey agar 
and staphylococcus medium no. 110. The selec- 
tive media tended to inhibit all of the test organ- 
ism.s, except S. aureus, while the nutritive media 
increased the growth of the pathogens. 'Fhe au- 
thor suggested a more satisfactory plating culture 
medium should be dcvi.scd for testing the pre.sence 
of pathogctis in frozen eggs. H. H. Weiser 

443. Framstallning av myolksyra ur vassle. 
(The preparation of lactic acid from whey.) G. 
Nilsson, Mjolkccntralens Ccntrallaboratorium. 
Svenska Mejeritidningen, 40, 20: 207-210. May, 
1948. 

It is possible from the results obtained in the 
experiments to state that under non-aseptic condi- 
tions for a period of 48 hr. at 43° C. the milk 
sugar in whey was changed to lactic acid with a 
mixed culture of a lactobacillus and a mycoderma, 
accomplished in such a manner that the fermenta- 
tion took place with a pH which did not differ 
particularly from the optimum value (5.fi*-5.8). 
The production of Ga lactate in creameries is de- 
scribed. G. H. Wilstcr 
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444. Method of enhancing the yield of yeast in 
a whey medium. A. M. Hanson, N. E. Rodgers 
and R. E. Mead. (Assigned to Western Con- 
densing Co.) U. S. Patent 2,465,870. 1 claim. 
Mar. 29, 1949. Official Gaz. U. S. Pat. Office, 
620,5:1516. 1949. 

After adjusting the pH to between 1.5 and 3.5 
the wehy is heat sterilized, after which the pH is 
adjusted to between 5 and 8 and then inoculated 
and cultured. R. Whitaker 

Also sec abs. no. 424, 425, 481. 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

445. Verfahren zur Bestimmung des Vedorben- 
heitsgrades von Fcttcn. (Procedure for the de- 
termination of degree of fat deterioration.) Eng- 
lish summary. H. Sgumalmss Die Milchw^is- 
senschafl, 3, 8: 225-233. Aug., 1948. 

Six approved methods for the detection and de- 
termination of spoilage in fat are described and 
discussed. The methods are those for measuring 
fat aridity of colored and colorless fats, peroxides, 
free aldehydes, epihydrinaldehydes and ketones. 

I. Peters 

446. Methode ter bepaiing van de hoeveelheid 
gekristalliseerd vet in room. (Method for deter- 
mining the quantity of crystallized fat in cream.) 

English and German sumntarics. W. Adriani and 
A. F. 'Fams.ma, Laboratoriura der Cooperatieve 
Fabiick Van Melkproducteii, Bedum, Holland. 
Wrslag. Landbouwk. Onderzoek., 51, 6G: 79 90. 
1945. 

The dilatomctric method for cream yielded 
lower values for the amount of crystallized fat 
than it did for fat from the same cream. As the 
last value agreed very well with the results of the 
manufacturing process of butter, the dilatomctric 
results for cream were unreliable. Sources of 
error are di.scusscd. A new method ba.sed on 
thermic principle w'as elaborated, giving reliable 
results for the quantity of crystallized fat in cream. 
The latent heat necessary to change partly crystal- 
lized cream fat into liquid fat was determined, be- 
ing a good indication for the percentage of crystal- 
lized fat. The determination w’as arranged in a 
simple way by using as calorimeter a thermos bot- 
tle, closed with a rubber stopper and a ther- 
mometer accurate to 0.01° C. The cream is 
mixed in this bottle with hot w'atcr and the tem- 
perature effect found by extrapolating the curves 
of temperature decrease before and after the 
cream was poured into the bottle. Constants 
necessary for calculating the results can be found 
easily with the same kind of experiments. This 
method is suitable for use in factory laboratories. 
The accuracy was about 1% with small thermos 


bottles, but can be increased by using large size 
bottles. It was found that nearly the same amount 
of fat crystallized in cream and separated butterfat 
with winter cream at 18 to 25° C. and with sum- 
mer cream at 26 to 30° C. both during a day. 

The authors arrive at the following conclusions: 
The dilaio metric method is excellent in examining 
butterfat, but should be wholly abandoned for 
cream as giving erroneous results. To ascertain 
the quantity of crystallized fat in cream the new 
method should be used, which opens a wide per- 
.spective, because now for the first time it is possi- 
ble to rontrol the manufacturing process. 

A. F. Tamsma 

447. Milk treatment with oxidation-inhibiting 
ga.ses. M. E. Dunki.ey. U. S. Patent 2,463,363. 
2 claims. Mar. 1, 1949. Official Gaz. U. S. Pat. 
Office, 620, 1 : 285. 1949. 

Oxidation of such dairy products as butter, 
evaporated milk, whole milk powder, etc., is pre- 
vented by a system of handling all processing of 
the milk from the milking machine under an 
atmosphere containing 8.2% carbon dioxide, 0.1 
to 0.2% acetylene, 0.1 to 0.2% oxygen, 3.8% 
carbon monoxide, 2.2% methane and 85.5% ni- 
trogen. This gas is produced by burning fuel gas. 

R. Whitaker 

448. Fosfataseenzymets Varmedestruktion. (De- 
struction of the milk phosphatase by heating.) 
R. Hansen. Nord. Mcjcri Tid., 14, 8: 3-10. 
1948. 

A new technic in establishing curves of destruc- 
tion of the milk phosphatase at different tempera- 
tures was developed by the State Experiment Sta- 
tion, Dciintark. Glass ampules, 100 mm. high, 
19-20 mm, in diameter and 0.5 mm. thick were 
utilized. An injection syringe was used to fill 
the ampules with cnzymconcentrate. Three tables 
and two graphs are given with temperatures and 
the number of seconds necessary for the destruc- 
tion of milk phosphatase. 

The following is a summarization of the data: 

No. of sec. to destroy phosphatase 


Pasteur- % destruciioii of enzyme 

ization * - 

temp. 99.6 96.0 90.0 


[•>€.) 

{sec.) 

{sec.) 

{sec.) 

60 

3,540 

1,740 

1,086 

63 

810 

400 

256 

66 

199 

100 

64.5 

68 

75.0 

38.4 

24.6 

71 

20.5 

10.3 

6.6 

74 

5.9 

2.95 

1.90 

77 

1.65 

0.85 

0.55 

80 

0.44 

0.23 

0.15 


G. H. Wilster 
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449. Visual observation and silbonette projec- 
tion apparatus. G, D. Amerdino. (Assigned to 
Mojonnier Bros. Co.) U. S. Patent 2,461,623. 
7 claims. Feb. 15, 1949. Official Gaz. U. S. Pat. 
Office, 619, 3: 721. 1949. 

The image of a Babcock fat test bottle is pro- 
jected on a diaphragm by means of a beam of 
parallel light rays in such a manner that the read- 
ing of the fat column is facilitated. A heater is 
provided for maintaining the device at an elevated 
temperature. R. Whitaker 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

450. Interessant planl0sning av kombinert mei- 
eri. ( Ineresting plan for a multiple-product dairy 
plant.) Anonymous. Meieriposten, 37, 14: 
245-246. Apr., 1948. 

To arrange a creamery so it has a practical 
layout for carrying out all of its processes for ail 
products constitutes a problem which this article 
attempts to solve. It suggests a star-shaped 
floor plan. The center of the star plan would 
contain the platform and separator room. An 
illustration shows the various star wings housing 
the equipment for buttermaking, rhccsemaking, 
market milk and one star wing left vacant for 
future development. Two large storage rooms 
could be built across the end of one star wing 
where cheese could be cured. Room is allowed 
for the boiler in this creamery plan which lends 
itself to an expanding plant. The star plan al- 
lows for plenty of light and ventilation. It has 
the advantage of having all rooms join the center 
room which houses the separator and milk han- 
dling equipment. Expansion can be accom- 
plished by adding on to the star wings without 
disrupting the general plant activiti^. It is as 
economical to build the star plant building as 
to build a single building of more than one 
story, containing the necessary halls and stair- 
ways. The plan was developed by A. P. Ander- 
sen and I. Nielsen. G, H. Wilstcr 

451. Do’s and dont’s oil cold-room insulation. 

Anonymous. Operating Engineer, 2, 1: 36-37. 
Jan., 1949. 

Insulation is used to reduce the heat flow from 
the warmer to the cooler area to a reasonable 
amount. After thickness of insulation for a 
given heat flow is decided upon, building de- 
sign should be studied to ascertain that the full 
thickness can be applied everywhere. 

Foundation concrete should be poured short 
to allow sub-floor to overlap wall to make room 
for full thickness of insulation at sub-floor and 


building wall joint. Door sills must be made 
properly or door may become cause of greatest 
refrigeration loss. Roof joists placed too closely 
to the building walls may prevent proper thick- 
ness of insulation. Roof flashing also is very im- 
portant here. Cover building walls with asphalt 
paint or paper to prevent leaks of moisture-laden 
air into insulation. 

Steps in repairing damaged corkboard are: 
(a) On masonry walls, smooth surface with 
cement plaster, (b) When dry, cover with as- 
phalt primer paint, (c) Apply first layer of 
corkboard with hot asphalt, (d) With addi- 
tional layers, fasten each board to first layer with 
hardwood pulp. 

Protect insulation with an airproof, moisture- 
proof and odorless cover. Portland-cement plas- 
ter and asphalt plastic may be used. Illustrations 
present correct design for critical points in cold- 
room construction. H. L. Mitten, Jr. 

452. How to choose economical type of roof con- 
struction. H. J. ScHARRES, Graham, Anderson, 
Probst and White, Architects, Chicago. Heating, 
Piping Air Conditioning, 21, 3: 93-95. Mar,, 
1949. 

Because each project presents different prob- 
lems, rules for achieving economy cannot be set 
to apply to all types of roof construction. Heat- 
ing and air conditioning designs must be cor- 
related with the rest of the structure. Usually 
this takes much calculation to produce results 
which are understood readily by tlie architect 
and the client. To make the problem easier 
tables were prepared for eight of the most-used 
tyjjes of roof decks with seven kinds of insula- 
tion. The tables show the constniction, heat 
transfer coefficient for the kind of insulation and 
thickness selected, thermal conductivity and 
thermal conductance. H. L. Mitten, Jr. 

453. Temperature control system for pasteur- 
izers. J. I. Hall. (Assigned to Ex-CcH-O Corp.) 
U, S. Patent 2,465,532. 1 claim. Mar. 29, 1949. 
Official Gaz. U. S. Pat. Office, 620, 5 : 1429. 1949. 

This device correctively controls the magnitude 
of the current applied to milk w'hen it is pasteur- 
ized by resistance heating, in spite of variations 
in flow, composition and initial temperature of 
the milk. The direct current corresponding to 
the temperature of the milk downstream ffom 
the electrodes is amplified and employed to vary 
the current between the electrodes. 

R. Whitaker 

454. Safe application and operation of ammonia 
equipment in ice cream plants. V, C. Patter- 
son, V. C. Patterson & Associates, York, Pa. Rept. 
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Proc. Intern. Assoc. Ice Cream Mfrs., 44th Ann. 
Conv., 2: 74-78. Oct., 1948; and lee Cream ' 
Trade J., 45, 3: 50, 52, 96, 97. Mar., 1949. 

Safety in operation of direct expansion re- 
frigeration requires a knowledge of the properties 
of ammonia. Ammonia in amounts of 13.1 to 
26.8 by volume in air becomes explosive and 
gas masks are not effective when the concentra- 
tion reaches 3 to 4%. In the application of 
safety first practices in ammonia plant designs 
an operator’s attention should be given to the 
following: (a) Locate condenser, high pressure 
receiver and charging connections outside build- 
ing or on roof, (b) Locate compressor room on 
ground floor, separate from boiler room, with 
ample exits and good ventilation, (c) Design 
so all ammonia charge can be transferred to low 
pressure side while plant is under full operation 
without liquid slopping over into any compressor, 
(d) Equip all evaporators with relief valves 
v^’hich open to atmosphere, not into the suction 
line, (e) A fireman’s emergency station located 
outside the building, equipped with a stop 
s^^itch for all machinery in compressor room, a 
transfer valve to dump high pressure ammonia 
into a low pressure surge drum to relieve all high 
pressure lines and a hand-operated valve to re- 
lieve ammonia pressure into a low temperature 
surge drum over into a water mixing tank. 
Definite instructions should be not to dump am- 
monia unless pressure is cither 100 lb. or over, or 
200 lb. or over. Other 'precautions include an 
emergency fire hose, protected ammonia lines, 
storage of minimum amounts of ammonia on 
high side, high pressure cut-outs on all high stage 
compressors and all lines properly hung, braced 
and protected against physical damage. A 
colored floor diagram of the cycle should be 
framed, covered with glass and hung in com- 
pressor room. Ammonia masks and COg fire 
extinguishers should be located at convenient 
places and operators trained to handle an emerg- 
ency. When automatic operation is used, the 
best plan is to have two small compressors with 
one operating all the time and one thermo- 
statically controlled coming on and off as required. 

W. H. Martin 

455. Basic principles of piping (a review of fun- 
damentals). H. Vetter, Consulting Engineer, 
Los Angeles. Heating, Piping Air Conditioning, 
21,3:79-82. Mar., 1949. 

The difference between steam and refrigeration 
plants is in the boiling temperatures and applica- 
tion. In refrigeration plants the evaporator coil 
corresponds to the boiler and the compressor 
is in the same position as the engine. The piping 
between an evaporator and engine should be 


pitched toward the evaporator so that condensate 
formed in the line will drain back to the evapora- 
tor. When globe valves are placed in horizontal 
lines (valve stem vertical) the engine side of the 
line should be tapped and connected to a drip 
trap to prevent the collection of condensate in 
the line. 

Pipe line size should be determined by de- 
sired pressure drop and not by velocity; however, 
high velocities should be avoided. Equations, 
graphs and tables are presented which give pres- 
sure drops and velocities for steam pipes. An 
ideal leader arrangement is one in which the 
pressure drop to each engine (or compressor) is 
the same. Difference in pressure drop is more 
important in refrigeration compressors than in 
steam engines, for compressors do not have a 
governor to compensate for the difference. A 
bottleneck in the piping will reduce the capacity 
of the system. Locate stop valves in the outlets 
of all pressure vessels so that, in the event of 
leaks, the pressure can be shut off to allow re- 
pairs without shutting down the evaporator. 

H. L. Mitten, Jr. 

456. Flexible couplings. J. J. O’Connor, 
Power, McGraw-Hill Publishing Co., New York, 
N. Y. Power, 93, 4: 87-102. Apr., 1949. 

The coupling transmits all power between 
driving and driven units. Couplings should be 
used to protect against misalignment which 
occurs under operating conditions. They should 
not be used to connect two shafts originally out 
of line. 

There are many types of couplings and their 
applications overlap. This article attempts to 
explain couplings so that the plant engineer may 
select, install and operate flexible couplings suc- 
cessfully. 

If a machine and its driving unit are in line 
they usually arc connected by a coupling. Since 
perfect alignment is practically impossible, flexi- 
ble couplings arc necessary. Misalignment of 
machines connected by rigid couplings causes ex- 
cessive bearing wear and power consumption. 

Use of yielding material or a mechanical design 
which allows movement between rigid elements 
arc the two general means of obtaining flexibility 
in couplings. Some couplings provide flexibility 
in four directions, tangential, angular, radial and 
axial. Others are limited to two or three direc- 
tions. The number of directions of flexibility is 
dependent upon the application. 

Proper .selection of a coupling requires it to be 
large enough to fit the shafts, capable of carrying 
the load and capable of operating under the pre- 
vailing plant conditions. Couplings usually arc 
rated in horsepower/ 100 r.p.m. 
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One of the most common causes for trouble 
is the selection of couplings which arc too small 
for the application. Centrifugal pumps and fans 
cause little wear. A plunger pump subjects the 
coupling to considerable shock. 

H. L. Mitten, Jr. 

457. Fuels and firing. Part I. P. Swain, J. 
McCabe, and B. Skrotzki, McGraw-Hill Pub. 
Co., New York, N. Y. Operating Engineer, 2 , 2 : 
19-34. Feb., 1949. 

Combustion is high-speed oxidation in which 
the gas generated from the fuels bums, rather 
than the solid or liquid fuel itself. Yellow flames 
are caused by the glow of a concentration of in- 
dividual carbon molecules just before they arc 
burned. If the gaseous mixture containing 
hydrogen and carbon is cooled, the hydrogen may 
burn and the carbon may deposit out as soot. 
When a yellow flame in a boiler is cooled by such 
things as boiler tubes, unbumed carbon is de- 
posited or swept up the stack as smoke. Soot 
and smoke can be prevented by allowing com- 
plete combustion before the flame reaches the 
tubes. When combustion is complete the hydro- 
gen always ends up as H.^O and the carbon as 
COj. When the carbon is not burned entirely 
it may appear in CO, which is capable of further 
burning. 

Coke and charcoal are mostly solid carbon. 
Bituminous coal contains, in addition, distillate 
hydrocarbon. Natural gas is almost all gaseous 
hydrocarbon. Carbureted water gas is largely 
CO and hydrogen. Fuel oil vaporizes into 
gaseous hydrocarbon before burning. If cracked, 
it may produce some .solid carbon and hydrogen. 
Coal decomposes into gaseous hydrocarbon, CO 
and hydrogen before burning. 

Suspension firing of oil and coal requires that 
each be broken into as many particles as possible. 
To prevent smoke, combustion steps must be 
complete during the travel of the fuel from the 
burner to the furnace outlet. Ciood combustion 
depends upon temperature, time and turbulence. 
In fuel bed firing, volatile matter distills of! and 
coke left in the grate bums to mixture of COg 
and CO. The gases from the fuel bed are mixed 
with the air which flows through the grate. 
Secondary air may be admitted abK)ve the grate 
to furnish oxygen for complete combustion. 
From 40 to 60% of coal’s heat is liberated above 
the fuel bed. In furnaces, the less excess air 
used, the larger must be the combustion space to 
insure complete combustion. Modem furnaces 
designed to keep size and investment low and 
efficiency high tend to use high speed air jets for 
more turbulence. 

Natural gas, manufactured gas, blast-furnace 


gas, commercial fuel oils and coal are discusser 
In designing a new plant a fuel survey should K 
made to avoid a plant which will prevent a free 
choice of fuel. Facts needed arc (a) fuels avail- 
able, (b) how available fuels compare now, (c) 
how they will compare in the future. Don’t 
skimp on equipment. Plan for flexibility in fuel 
selection. 

Combustion chemistry is discussed and a short- 
cut for combustion calculation is presented. 

H. L. Mitten, Jr. 

458. How to size your blowoff tanks H. B. 
Nickelsporn, Radiant Engineering Co. Oper- 
ating Engineer, 2, 1 : 24-25. Jan., 1949, 

Blowof! tanks prevent direct discharge of 
steam-water blow-down mixture into sewer lines 
which arc not built to take blow-down tempera- 
tures. Direct discharge into sewers also might 
cause steam to back up into other equipment 
which empties into the sewer line. Blowofi tank 
provides space for blow-down to cool and lo.se 
pressure. Flash steam is vented to the atmos- 
phere. 

American Society of Mechanical Engineers 
Code requires blowof! valves to be no larger than 
2.5 in., no smaller than 1 in. Valves such as 
globe valves having pockets in which sediment 
might collect cannot be used. All valves and 
fittings must have American Standards Associa- 
tion rating 25% higher than boiler safety-valve 
setting. When pressure exceeds 100 psi. each 
blow-down must have two valves in scries. One 
table .shows per cent of flash .steam in blow-down 
at various temperatures and another gives vent 
and discharge sizes. 

Blowof! tank size is dependent upon the weight 
and volume of blow-down mixture at a .single 
period. A tank volume equal to 1/5 the water- 
holding rapacity of the boiler or water volume 
of one guage on water column may be used. 
Boiler pressure does not affect tank size. Allow 
for a cold water seal to remain in the tank be- 
tween blow-downs. 

Tank design must be approved by local authori- 
ties. As, a guide use A.S.M.E. Code for unfired 
vessels. Tank should be designed to withstand 
half the boiler pressure. Tanks may be vertical 
or horizontal. Vent line must lie twice inlet size. 
Making vent laiger than necessary causes less 
water to be carried out by flash steam. No valves 
or other restrictions should be in the vent line. 
Line must rise 7 ft. above places where people 
may walk. Discharge lines must be twice the 
area of the blowoff pipe and must have an elbow 
inside the tank at least 6 in. from bottom. The 
discharge line should have a siphon breaker at 
the highest point. H. L. Mitten, Jr. 
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459. Refrigerating apparatus including hydrau- 
lic lift. S. G. Price. U. S. Patent 2,463,307. 4 
claims. Mar. 1, 1949. Official Gaz. U. S. Pat. 
Office, 620, 1: 270. 1949. 

To facilitate insertion and removal of cans of 
milk or other perishable food products in a 
tank of cooling liquid, a platform is raised from 
or lowered to the floor of the tank by hydraulic 
means. R. Whitaker 

Also see abs. no. 418, 419, 420, 427, 466, 467. 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

460. Controlling fat losses. L. C. Thomsen^ 
Univ. of Wisconsin, Madison. Milk Dealer, 38, 
6: 52, 126-134. Mar., 1949. 

Data arc presented showing the causes of fat 
I 0 S.SCS in dairy plants. Hidden losses result from 
the use of wrong conversion factors in converting 
from volume to weight or vice versa, from in- 
correct test samples, incorrect testing procedures, 
or when one testing procedure is to be reconciled 
with another. Apparent lo.sses include spillage, 
spoilage, incorrect standardization for composition, 
and larceny. In the control of losses it is suggested 
that all employees should be made waste and 
loss conscious by showing the cash value of los.ses 
and then offering bonuses for keeping them 
within pre-established limits. C, J. Babcock 
Also see abs. no. 475. 


GENETICS AND BREEDING 

N. L. VAN DEMARK, SECllON EDITOR 

461. Measurement of sperm activity before arti- 
ficial insemination. Ix)rd Rothschild. Nature, 
163,4140:358. 1949. 

This method is based on the observation that 
semen, when active, exhibits well-defined changes 
in electrical impedance. A conventional alternat- 
ing current bridge, energized by a 5 kc. oscillator, 
is used for measuring the electrical changes. The 
detector is an oscilloscope with an amplifier. 
The unknown arm of the bridge consists of a 
pair of platinized platinum electrodes which dip 
into the .semen at 37® C. The voltage across it 
is about 50 m.v. The frequency is greatest when 
first collected, decreasing with temperature and 
reading zero when the sperm arc dead or feebly 
motile. Phosphate buffer added to the semen 
maintains the initial frequency. The impedance 
is increased greatly by concentration of the semen, 
i.e., centrifugation. R. Whitaker 


HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

462. Cutting milk production costs with pen 
bams. C1.ARON Burnett, Assoc. Ed. Milk 
Dealer, 38, 6: 42-^3, 112-116. Mar., 1949. 

Comparisons of pen type stabling of cows with 
the conventional stanchion barn at the University 
of Wisconsin experimental farm indicate more 
milk can be produced with less labor and lower 
feed costs when the newer type bams and milking 
parlors arc used. Studies at the Huntley, Mon- 
tana, experiment station show cows produce as 
much as 19% more milk and 18% more butter- 
fat when hou.sed in pen bams than when kept in 
a stanchion bam. Studies of the two types of 
barns at Wisconsin have shown: (a) Over-all 
labor requirements have run about 10% less for 
pen bam operations than for the stanchion bam. 
(b) Cows housed in pen barns have better ap- 
petites and consume more roughage with the 
result that cost/lb. of 4% fat-corrected milk was 
only 96.11% of that produced by cows in the 
stanchion bam. (c) There is little difference 
in the quality of the milk as shown by bacterial 
counts between the individual bams, (d) Cows 
have remained healthier and there has been less 
trouble with mastitis in pen bams. Other ad- 
vantages of pen bams include economy of con- 
struction, ample fresh air and sunshine for cows 
and better-preserved manure for application to 
the soil. Disadvantages include larger bedding 
requirements and the necessity of dehorning the 
cows. C. J. Babcock 

463. Insecticide studies with dairy cattle. L. A. 
Moore, R. H. Carter and F. W. Pcx>s, U. S. 
Dept, of Agr., Washington. J. Milk and Food 
TerhnoL, 12, 2: 103-104. Mar.-Apr., 1949. 

The authors indicate the danger of using DDT 
to control insects on crops fed to cows and the 
milk containing appreciable quantities of the 
insecticide. However, if the amounts of DDT 
are kept to a minimum for the control of the in- 
.serts, no large amount of this compound will ap- 
pear in the milk. 

No doubt, other insecticides will be developed 
that will be just as effective as DDT in con- 
trolling insects and will not be absorbed and 
secreted in the milk as readily. H. H. Weiscr 

464. Teat cup. A. C. Weiby. (Assigned to 
Solar Corp.) U. S. Patent 2,462,583. 3 claims. 
Feb. 22, 1949. Official Gaz. U. S. Pat. Office, 
619, 4: 1096. 1949. 

This milking machine teat cup consists of a 
rigid metal outer shell, within which and re- 
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leasably secured to it is a flexible tube molded to 
receive the teat. Intermittent suction contracts 
the tube, withdraws the milk and discharges it 
to the milker through a tube attached to the 
lower end of the outer shell. R. Whitaker 

465. Alarm device for milking machines. A. G. 

Perrins. U. S. Patent 2,461,439. 8 claims. 

Feb. 8, 1949. Official Gaz. U. S. Pat. Office, 619, 
2: 567. 1949. 

A receptacle is mounted inside the milking 
machine pail directly under the ports which de- 
liver the milk from the cow. This receptacle is 
lowered as it fills with milk and stays down as 
long as there is a full flow of milk. When the 
flow decreases at the completion of the milking 
the receptacle rises, thereby sounding an alarm 
and finally breaking the vacuum if the attendant 
does not remove the milker from the cow when 
the alarm is sounding. The rise and fall of the 
receptacle is governed by a drain which dis- 
charges the milk from the receptacle at a slower 
rate than the normal milk flow but faster than 
the reduced flow toward the end of the milking. 

R, Whitaker 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

466. Short time high temperature pasteuriza- 
tion of ice cream mixes. C. M. Minthorn, 
Chester Dairy Supply Co., Chester, Pa. Rept. 
Proc. Intern. Assoc. Ice Cream Mfrs., 44th Ann. 
Conv., 2: 47-50. Oct., 1948. 

Mix prepared from concentrated products 
must be preheated to 125® F. before it enters the 
first section of the Stc-Vac heater. Condensed 
mix can be pumped directly from the Vacuum 
pan through this heater where the temperature is 
raised to 157® F. At this point, the mix is 
homogenized. Friction raises the temperature 
to 162° F. and the mix is pumped through the 
second section of the heater. It enters the hold- 
ing tube at 175® F and is held 23 sec. before it is 
cooled. Bacterial counts in mix pasteurized by 
this method compare favorably with counts in 
mix pasteurized by the batch method. 

H. B. Naylor 

467. The use of the vacreator for high tempera- 
ture pasteurization of ice cream mixes. G. H. 
WiLSTER, Oregon State College, Corvallis. 
Rept. Proc. Intern. Assoc. Ice Cream Mfrs., 44th 
Ann. Conv., 2: 24-40. Oct., 1948. 

The use of the vacreator for pasteurizing cream 
and ice cream mix and the application of the 
va#eator for condensing milk and ice cream mix 


was discussed. Mixes pasteurized by the vacrca- 
tor process had lower bacterial counts, lower 
viscosities, better flavor and better whipping 
properties than control mixes pasteurized by the 
vat method. The finished ice cream had a better 
body and fresher flavor than ice cream from the 
vat-pasteurized mixes. H. B. Naylor 

468. Some factors influencing shrinkage in ice 
cream. J. J. Sheuring, Univ. of Georgia, Athens. 
Ice Cream Rev., 32, 8: 44, 129-133. Mar. 1949. 

Factors studied which were found to increase 
the amount of vacuum-induced shrinkage of 
batch-frozen ice cream were: (a) Increasing the 
fat content of the mix, particularly within the 
range of 12 to 15% fat. (b) Use of sweet cream 
as compared with similar mixes prepared with 
butter or frozen cream, (c) Neutralization of 
high acid mixes with either sodium bicarbonate 
or magnesium carbonate increased the amount of 
shrinkage over that observ'ed with low acid mixes 
to which no neutralizing agent had been added, 
(d) Reconstituting a dehydrated mix and freezing 
immediately resulted in more shrinkage than 
when reconstituted mixes were aged overnight 
prior to freezing. Storage of dehydrated mix for 
a period of 40 d. had no significant effect on 
shrinkage when reconstituted, provided the re- 
constituted mix was aged overnight before freez- 
ing. (e) Freezing of imaged mixes w'as found 
to increase the amount of shrinkage; however, no 
advantage w^as observed in aging mixes longer 
than 48 hr. 

Any factor which will tend to produce large 
air cells and large ice crystals will reduce shrink- 
age, whereas small air cells and small ice crys- 
tals will increase shrinkage in ice cream. 

W. J. Caulfield 

469. Fors0g med Emulgatoren *'Greininovo’* i 
Fl0deis. (Experiments on the emulsifying agent 
**Creminovo” for ice cream purposes.) English 
summary. O. S. Hansen, Ladelund. Nord. 
Mejcri Tid., 14, 4: 8-10. 1948. 

Experiments in ice cream making have been 
undertaken with a new synthetic emulsifying 
agent “Creminovo” manufactured by Emulsion, 
Ltd., Juelsmindc. Creminovo is a fine,' very 
light, yellowish powder resembling egg yolk and, 
like the latter, containing about 55% fat. It is 
easily soluble in water at 60-70® C, but possible- 
clots cannot be stirred easily into the ice cream 
compound any more than clots of milk powder 
and egg yolk, for which reason Creminovo pre- 
ferably should be mixed with milk powder, sugar 
and gelatin before being stirred into the ice cream 
compound. By such procedure it is dissolved 
easily at a temperature of 65-70*^ C. within 10 
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to 20 min. Creminovo increased the viscosity 
and whipping ability of the compound and pro- 
duced an ice cream that was less watery and 
“cold” and had a more velvety and fat consist- 
ency. The effect was in all respects equal to that 
of the same quantities of egg yolk and an emulsi- 
fying agent. G. H. Wilster 

470. The use of emulsifiers in ice cream P. H. 
Tracy, Univ. of Illinois, Urbana. Rept. Proc. 
Intern. Assoc. Ice Cream Mfrs., 44th Ann. Gonv., 
2:53-67. Oct., 1948. 

See abs. no. 376, p. A78. 

471. Controlling viscosity in chocolate ice cream 
mixes. C. D. Dahle, W. R. Davey and W. D. 
Swope, Peimsylvania State College, State College. 
Rept. Proc. Intern. Assoc. Ice Cream Mfrs., 44th 
Ann. Gonv., 2: 5-14. Oct., 1948. 

The results of studies dealing with the effect of 
processing methods, type of stabilizer and type of 
cocoa on the viscosity of chocolate mixes were 
presented. 

When gelatin was used as the stabilizer, mixes 
flavored with domestic cocoa had much higher 
viscosities than mixes flavored with Dutch cocoa. 
The viscosity of mixes containing domestic cocoa 
could be controlled satisfactorily by reducing the 
homogenizing pressure or by standardizing the 
acidity with .sodium bicarbonate. Raising the 
homogenizing temperature increased the viscosity 
.somewhat with both types of cocoa. 

Dariloid as the stabilizer usually caused ex- 
cessive viscosity when the mixes contained Dutch 
process cocoa. This condition was not corrected 
by .standardization of mix acidity with sodium 
bicarbonate, or by the addition of stabilizing salts. 
The viscosity of mixes containing domestic cocoa 
was not excessive, but increased when soda or a 
stabilizing salt was added. 

Cellulose gum gave results similar to those ob- 
tained with Dariloid. Mixes containing Dutch 
process cocoa had extremely high viscosities when 
this stabilizer was used. A satisfactory mix could 
be prepared using domestic cocoa. Chocolate 
mixes require less stabilizer than plain mixes, due 
to higher total solids content. H. B, Naylor 

472. Galliker packs pints in bowls in a premium 
promotion. Anonymous. Ice Cream Trade J., 
45,3:42,85,86. Mar., 1949. 

Premium promotion as a means of selling ice 
cream has been used successfully by the Galliker 
Dairy Co., Johnstown, Pa. The premium con- 
sists of a kitchen bowl. The color of the bowl 
and flavor of ice cream arc changed monthly. 
The wholesale price to dealers for this item is 


$1.76 per gallon, the retail price to consumers is 
37 cents per pint. The dairy pays 6 cents for 
the bowl and 22 cents for the ice cream less car- 
ton cost. The bow'ls arc packed in a 5.5 x 5.5 x 
2.625 in. knock-dowm style carton, which elimi- 
nates wrapping at the store. W. H. Martin 

473. Current sales trends. Anonymous. Ice 
Cream Trade J., 45, 3: 46, 88. Mar., 1949. 

Jan., 1949, ice cream sales were about 4% be- 
low Jan., 1948, for the country as a whole. Areas 
hit by heavy snow showed a loss of about 14% 
and the west coast was down 33%. Some areas 
in the east had slight losses and some areas 
.showed a gain in Jan. sales. W. H. Martin 

474. Supermarkets. M. M. Zimmerman, Editor 
and Publisher, Super Market Merchandising. Ice 
Cream Trade J., 45, 3: 74, 104-106. Mar., 1949. 

Supermarkets have increased from 1,200 in 
1936 to 12,000 in 1948, doing nearly 30% of the 
grocery store volume, with an average store vol- 
ume of $643,000 per yr. Stores attract from 
25,000 to 50,000 customers per wk. The average 
gross mark-up is 17 cents on the dollar and the 
average net, 1 to 2 cents on the dollar. Eighteen 
hundred to 3,000 items, each in its own package, 
are handled. Markets with two to four frozen 
food cases for dairy foods arc common. Under 
such conditions tlie style, design and type of 
package is of great importance in merchandising 
ice cream. W. H. Martin 

Also see abs no. 441, 454. 


MILK AND CREAM 

P. H. TRACY, SECTION EDITOR 

475. Three day delivery. Anonymous. Milk 
Dealer, 38, 6: 76-78. Mar., 1949. 

Indianapolis dealers operating under the 3-day 
delivery plan report as follows: On wholesale 
sales, three had an increase up to as high as 9.9%, 
one had a decrease and one made no comment. 
On retail sales, five indicated increases up to as 
high as 7.2%, three reported no change and two 
had decreases. On gasoline the average was a 
saving of 6.1%, with a low of 2 and a high of 
12.6%. On manpower, seven saved no men and 
three did save men. Average increase in bottles 
in service under the 3-day system (nine dealers) 
w'as 41%, and average increase in bottle cases in 
service was 36%. Nine dealers advised no hard- 
ship was inflicted in the plant under the new 
system and eight reported it caused no overtime. 
Six said it required no additional cooler space 
while two said it did. G. J. Babcock. 
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476. Milk strainer. £. Zika. U. S. Patent 
2,465»623. 1 claim. Mar. 29, 1949. Official Gaz. 
U. S. Pat. Office, 620, 5: 1453. 1949. 

This strainer, designed for placement on a milk 
can, has a throat which has a flat perforated plate 
for supporting die filter medium. The outside 
of the throat is tapered and fits snugly ihto the 
neck of the can. Vacuum is applied to die can 
through a tube built in the strainer which hastens 
the rate of straining. R. Whitaker 

477. Tote box. C. W. Praeger, H. Blum and 
H. JocHiMSEN. (Assigned to Sturdibilt Milk Box 
Corp.) U. S. Patent 2,464,343, Mar. 15, 1949. 
Official Gaz. U. S. Pat. Office, 620, 3 : 840. 1949. 

A box for holding milk bottles and paper car- 
tons of milk for convenient handling in milk 
plants and on delivery vehicles is described. The 
upper edges of the ends of the box are indented 
and bent outward to facilitate handling. 

R. Whitaker 

478. Apparatus for collecting liquid sediments. 
N. Ferraez. U. S. Patent 2,463,481. 4 claims. 
Mar. 1, 1949. Official Gaz. U. S. Pat. Office, 
620, 1:313. 1949. 

This device is designed to draw quickly and 
easily a sample of milk from the bottom of a can 
and pass it through a sediment pad. The appa- 
ratus is operated by vacuum which is applied by 
actuating a foot-operated valve. R. Whitaker 

479. Tillsats av bikarbonat till homogeniserad 
gradde. (The addition of sodium bicarbonate 
to homogenized cream.) Anonymous. Mejeri- 
tekniska Medd., No. 5-6; 83. Dec., 1948. 

Homogenization stabilizes the dispersion prop- 
erties of fat so that the formation of a cream plug 
is hindered. At the same time the stability of the 
protein is reduced and coagulation is favored. As 
coffee contains a substance that favors coagula- 
tion, the homogenized cream sometimes is curdled 
when added to coffee. To prevent this, about 30 
g. NaHCOa can be added per 100 1. cream. Ci- 
trate or NagHPO^ also can be used for this pur- 
pose. G. H. Wilster 

Also see abs. no. 432, 435, 436, 437, 438, 482. 

NUTRITIVE VALUE OF DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

480. Forsatte unders0kelser over innholdet av 
A-vitamin og karotin i norsk 8m0rog mj0lk. 
(Further investigatioiis on the content of vitamin 
A and carotene in Norwegian milk and batter.) 


English summary. Harald Hvidsten, Lis Gilbe 
Hansteen and Gerd Brooh. Meieriposten, 37, 
11; 186-192. Mar., 1948. 

As a supplement to earlier investigations, some 
determinations of carotene and vitamin A in 33 
samples of butter from cow's milk> five from 
goat’s milk and two from sheep's milk have been 
carried out. The carotene content of some of 
the feeding stuffs used for the production of the 
butter samples also has been determined. The 
determinations of carotene and vitamin A have 
been effected by photometric methods. The 
samples of butter from cow’s milk stem partly 
from pasture (cultivated pasture and highland 
pasture) and partly from bam feeding, in which 
the carotene content of the daily ration ranges 
from 33 to 1,360 mg. 

The carotene content of butter samples varied 
from 1.2 to 7.6 y/g. of butterfat (2-12.7 I.U. 
vitamin A), the vitamin A content from 14 to 32 
I.U. and total computed content of vitamin A 
(vitamin A effect) from 16 to 42 I.U./g. of but- 
terfat. The following correlation was found be- 
tween mg. of carotene in the daily ration (x) 
and: (a) total I.U. of vitamin A effect per g. of 
butterfat (F): 7 = 20.7 + 0.0129 x; r = 0.69; (b) 
total I.U. of vitamin A effect in milk per day 
(7): 7=10200 + 8.6 x; r = 0.78; (c) the vita- 
min A effect in daily milk yield in % of the daily 
carotene content in feed (7): log 7 =2.2074 + 
0.7204 log X. 

In butter from goat’s milk, 40 to 66 I.U of 
vitamin A were found per g. of butterfat. The 
carotene content was small. In butter from milk 
of sheep, 30 I.U. of vitamin A were found per 
g. of butterfat. 

Determinations of carotene and vitamin A di- 
rectly in milk have given results which were in 
good agreement with the determinations in 
butter. G. H. Wilster 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

481. The sterilization of milk bottles at farms 
and dairies. S. B. Thomas, Natl. Agr. Advisory 
Serv., Crosswood, D. Griffiths, T. Lewis, K. J. 
Morgan,' and E. P. Davies, Natl. Milk Testing 
Serv., Brynawel, Aberystwyth. Proc. Soc. Applied 
Bact., 1947, 1; 6-12. 1947. 

A large number of bottles examined after hand 
washing, washing by rotary spray machines or 
straight-through machines revealed that a large 
number contained over 600 bacteria per bottle, 
a number which was “unsatisfactory" according 
to prescribed standards. Causes for the high 
cotmts usually were the result of using incorrect 
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alkalinity of insufficient time in and temperature 
of the detergent. Dairies using steam sterilization 
showed lower counts on bottles than those using 
chlorine. M. L. Speck 

482. Seasonal variation in the sterility of 
washed milk chums. G. Ellis Jones, Natl. Agr. 
Advisory Scrv., Crosswood, Aberystwyth. Proc. 
Soc. Applied Bact., 1947, 1: 13-14. 1947. 

During a 4-ycar study, a peak in the number 
of bacteriologically unsatisfactory milk cans 
(rinse count > 250,00 when dry or > 50,000 
when wet) occurred during June-Sept. A minor 
peak also was observed in Feb., this peak becom- 
ing less marked with improved sanitation. The 
following were considered causes for the summer 
peak: (a) higher bacterial content of the milk 
residues left in the cans during the warmer 
weather; (b) less careful washing during the 
period of maximum milk intake at the dairies; 
(c) shortage of milk cans during the rush season 
which led to the use of old, dented and rusty 
cans; (d) the use in some instances of old and 
ineflicicnt can washers which are brought to use 
in the rush season. The winter peak was thought 
to be caused by the higher thcrmoduric bacterial 
content of milk as reported by some to be present 
in winter. M. L, Speck 

483. We have made progress. Ray Tardwf, 
Brcycr Ice Cream Co., Philadelphia, Pa. Ice 
Cream Trade J., 45, 3: 89-92. Mar., 1949. 

The dairy industry committee has made much 
progress in plans to standardize all equipment used 
for the production, transportation and processing 
of milk so that it is easy to clean, operate and 
maintain. Standards for equipment arc developed 
and submitted to the Dairy Industry Committee 
for approval and then to the Committee on Sani- 
tary Procedures of the International Association 
of Milk and Food Sanitarians and to the Milk 
and Food Unit of the U. S. Publ. Health Service. 
Then a joint meeting of these three groups is held 
to arrive at standards. 

Standards have been developed for centrifugal 
and positive rotary pumps, sanitary fittings, stor- 
age tanks, weigh cans and receiving tanks for 
raw milk. Tentative standards are being con- 
sidered for milk transportation tanks, can washers, 
homogenizers and high pressure pumps, gauges 
for milk storage tanks, dairy ware, milk pails, 
strainers, milking machines, electric motors, plant 
heat exchangers, surface type heat exchangers and 


tubular type heat exchangers. Work also has been 
started on cabinets and soda fountains. 

W. H. Martin 

484. Studies of quaternaries as bactericides. 
G. A. Weber, U. S. Pub. Health Service, Cincin- 
nati, O. J. Milk and Food Tcchnol., 12, 2; 107. 
Mar .-Apr., 1949. 

More information on the quaternary com- 
pounds as bactericides is urged by the author. 
Since these compounds are surface-active, they are 
inactivated readily by anionic agents such as soaps 
and synthetic detergents. The amphoteric nature 
of protein foods enhances their absorption by 
forming a film over the surfaces, thus protecting 
the bacteria beneath the him. Anionic agents can 
break up this film readily. 

In order to evaluate the germicidal efficiency 
of quaternary compounds, more satisfactory ac- 
tivators are needed as compared to those used on 
chlorine. The author suggests additional studies, 
such as the efficiency of quaternaries against 
pathogenic bacteria and viruses, a chemical meas- 
ure for effective quarternary residual, more infor- 
mation on interfering substances in natural w’aters, 
the longevity of the germicides in the rinse vat and 
suitable concentration levels for adequate disin- 
fection. II. H. Weiser 

485. Studies on high temperature dishwashing. 
W. L. Mallman and D. Kahler, Dept, of Bact. 
and Pub. Health, Michigan State College, East 
Lansing. J. Milk and Food Tcchnol., 12, 2: 105. 
Mar.-Apr., 1949. 

The destruction of Micrococcus caseolyticus 
used as the test organism was made on four lead- 
ing makes of single-tank conveyor curtain rinse 
dishwashing machines. The authors suggest that 
anything less than 99.5% kill of the organism 
studied failed to meet this requirement. A mini- 
mum standard of performance is (a) temperature, 
170® F., (b) exposure, 10 sec., (c) 1.5 gal. of 
water per 20 in. tray or 9 gal. per min. 

Single-tank machines should maintain a wash 
temperature of 160“ F. and rinse at 170“ F. for 
maximum efficiency. In other types of machines 
equipped w'ith rinses, the temperature should be 
set at 170° F. for 10 sec. or held at a range be- 
tween 140 and 160“ F. H. II. Weiser 

486. Insect and rodent control. E. M. Searls, 
Scaliest, Inc., New' York, N. Y. Rept. Proc. 
Intern. Assoc. Ice Cream Mfrs., 44th Ann. Conv., 
2; 87-94. Oct., 1948. 

Sec abs. no. 414, p. A85. 

Also see abs. no. 435, 437, 478. 
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BOOK REVIEWS Keeping pace with the progress in animal brecd- 


’'487. Farm work simplification. Lawrence M. 
Vaughan and Lowell S. Hardin. John Wiley 
and Sons, Inc, New York, N. Y. 145 pp. $2.80. 
1949. 

This book deals with the simplification of prac- 
tically all phases of farm work. It is broad in its 
scope and sets forth the principles of effective 
work from the standpoint of labor, machines, or- 
ganization and the human factors involved in the 
simplification of the usual farm tasks. Several 
pages are devoted exclusively to time- and labor- 
saving on dairy chores and specific examples with 
reference to milking operations, barn arrange- 
ment, feeding practices, etc., that will reduce labbr 
are set forth. 

The book is divided into two parts. Part I 
discusses the place of work simplification in farm- 
ing with respect to s.'^vings that ran be made, the 
principles of effective work and how the results 
may be applied. Part II is devoted to methods 
and plans that may be used in making ananalysis 
of any operation from the standpoint of develop- 
ing time- and labor-saving methods. Such items 
as product analysis, man analysis, man and ma- 
chine analysis and body motions are stressed. 
Suggestions for teaching and training individuals 
in work simplification are stressed with emphasis 
on the fact that research and education go to- 
gether. 

Throughout the book are found examples of 
labor savings for specific jobs that well may be 
adapted to most farms seeking to improve their 
efficiency. Since dairy farming involves not only 
feed and care of cattle but crop production, hay 
harvesting, transportation, etc., this book is well 
worthwhile for Ae practical operator, the plant 
fieldman, extension workers, research economists 
and the teacher of agriculture. 

H. A. Herman 

' 488. Animal Iveeding. Laurence M. Winters. 
4th cd. John Wiley and Sons, Inc., New York, 
N. Y.; Chapman and Hall, Ltd., London. 404 
pp. $4.50. 1948. 


iiig through the years since the first edition of this 
book in 1925, the present fourth edition again has 
been expanded and changed. Numerous addi- 
tions have been made to include many recent 
developments and more detail in this well-known 
}x)ok. The opening chapter has been expanded 
and now contains an introduction to the problem 
of animal improvement by breeding. Among the 
several reorganizational changes has been that of 
making gametogenesis serve as the connecting 
link between the chapter on “The Reproductive 
Organs” and the chapter on “The Physical Basis 
oFTfepcdLity”* The order of presentation of much 
of the applied material has beeji changed to fol- 
low the more fundamental sections of the book. 
New chapters entitled “The Effectiveness of Se- 
lection” and “Building Superior Germ Plasma” 
have been added. The author cites many ex- 
amples from his own extensive experience in 
breeding research, as well as from the research of 
others, to illustrate the application of the funda- 
mental principles of breeding to practical animal 
improvement. N. L. VanDemark 

489. Milch wirtschaftliche Patentberichte. (Pat- 
ents concerning the dairy field.) M. Schulz. 
Volkswirtschaftlicher Verlag Dr. Anton Fchr, 
Kemptcn-Allgau, Germany. 336 pp. 1947. 

This book is a compilation of patent reports 
concerning the whole field of dairy manufacturing 
processes, both German and foreign, covering the 
patents for the years 1935 to 1945. I. Peters 

ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

490. Q fever. Experimental Q fever in cattle. 
E. J. Bell, R. R. Parker, and H. G. Stoenner, 
U. S. P. H., Hamilton, Mont. Am. J. Pub. 
Health, 39, 4 : 478-484. Apr., 1949. 

Q fever infection was produced in lactating 
cows by inoculating the udder with massive doses 
of a yolk sac culture of Coxiella burnetii. The 
organisms were present in the milk for a long 
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period of time following injection via the teat 
canal and in one instance were found for over 
200 d. in milk from a quarter inoculated via the 
glandular tissue. Inoculation of the udder pro- 
duced an acute mastitis with a marked systemic 
reaction of brief duration. Recovery from the 
acute phase was spontaneous with the major symp- 
toms disappearing in about 8 d. Various tissues 
obtained from these cows sacrificed at intervals 
up to 63 d. after injection were infectious to 
guinea pigs. The rickettsiae were recovered from 
the feces of calves feeding on infected milk. Less 
success was found in attempting to infect heifers 
by other routes, such as intranasal, intravenous, 
by way of the alimentary tract and by way of the 
vaginal tract. Attempts also were made to trans- 
mit Q fever to cattle by infected ticks of the 
species Otobius megnini Duges, but no definite 
results were reported. D. D. Deane 

491. A rapid ring test for brucellosis in fresh 
milk. G. C. Van Drimmelen, Institute of On- 
derstepoort, Pretoria, S. Africa. J. S. African 
Vet. Med. Assoc., 19, 4: 130-134. Dec., 1948. 

A colored antigen test for milk samples in the 
diagnosis of bovine brucellosis is described. The 
antigen used in the test is stained with haema- 
toxyliii. A well-mixed sample of milk is placed 
in a small test tube and one drop of the antigen 
is added and mixed well. The sample then is 
incubated at 37° G. for 50 min. A ring of violct- 
colored bacilli in the cream layer, with a white 
milk layer underneath, indicates a positive test. 
When a white cream layer covers milk which has 
a violet tinge, the results indicate a negative test. 
A method for preparing the stain and antigen is 
outlined. The author reported that the test was 
in wide use in Denmark and that it could Ijc used 
to advantage in survey work. K, M. Dunn 

492. Pathogenesis of bovine mastitis. 1. The 
relation of age to streptococcic infection. G. R. 
Spencer and M. E. Kraft. Univ. of Wisconsin, 
Madison. Am. J. Vet. Research, 10, 35: 115-118. 
Apr., 1949. 

The incidence of streptococcic infection is re- 
ported according to age for 12 herds in which 
chemotherapy had not been practiced. Two 
herds considered to have good sanitary milking 
management showed a progressive increase from 
5.26 to 35% during the first four lactation periods, 
followed by a decline. Ten herds with poor 
milking management showed an increase from 
60.61 to 72.73% during the first five lactations, 
followed by a sharp increase. Data from one 
herd showed that the incidence of infection was 
also linear during the first lactation. Large herds 
and poor sanitary practices were associated with 
high infection incidence. Evidence indicates that 


degree of exposure outweighs aging of the udder 
as a cause of increased infection with successive 
lactations. £. W. Swanson 

Also see abs. no. 532. 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

493. Globular and free fat in butter. I. A 
method for counting and measuring the fat glob- 
ules in butter and application to the working 
process. N. King. Netherlands Milk Dairy J., 
1, 1: 19-32. Jan., 1947. 

The counting technic developed is as follows: 
approximately 10 mg. of butter accurately weighed 
were diluted with 200-500 mg. of butter oil. A 
very cautious mixing procedure was followed 
under carefully controlled temperature conditions. 
A mea.sured quantity of diluted butter was put on 
a special slide and examined in polarized light 
by means of a simple mountable polarizer and 
analyser. The amount of globular fat decreased 
in the course of working. This decrease was in 
the number of fat globules rather than a change 
in the average size. The disappearance of “un- 
boimd’* moisture was parallel at first with the 
de.struction of fat globules. However, in the last 
stages of working, the disappearance of the “un- 
bound” moisture was not attended with a des- 
truction of the fat globules. W. M. Roberts 

494. Globular and free fat in butter. II. Some 
applications of the dilution method for deter- 
mining the globular fat in butter. N. King. 
Netherlands Milk Dairy J., 1, 2: 115-117. Apr., 
1947. ‘ 

Application of the dilution method for count- 
ing and measuring the fat globules showed that 
whey butter contained a low percentage of glob- 
ular fat and that the fat globules were distorted. 
There was scarcely any difference between the 
butter from the usual wooden and the metal 
churn. Also, the fat globules in butter prepared 
by the Fritz continuous process arc deformed ap- 
preciably by the strong agitation of the beating 
wings of this machine. W. M. Roberts 

495. Butter workmanship. L. C. Thomsen. 
Univ. of Wisconsin, Madison. Natl. Butter 
Cheese J., 40, 5: 34-35, 58. May, 1949. 

The body and texture of butter are influenced 
greatly by the physical state of the butterfat in the 
cream and butter. Butterfat exists as free fat 
— fats with low melting points usually in the 
liquid state — ^and as globular fat. The quantity of 
free fat may be as low as 10 to 15% at the start 
of the working process and 70 to 75% at the end. 
A high ratio of free fat to globular fat is respon- 
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sible for stickiness, leakiness and oiliness in butter. 
Crumblincss, brittleness and graininess are due 
to a low free fat-globular fat ratio. 

Pasteurization of cream by direct steam injec- 
tion and churning at high speed mutilate the fat 
globules, thereby causing an increase in free fat. 
Low temperature churning and low temperature 
wash water have an opposite effect. Control of 
the free fat-globular fat ratio results in control of 
of the body and texture of butter. 

H. E. Calbcrt 

496. Experiments on the packing and storage 
of butter. VI. The effect on keeping quality of 
butter of exposure to light during manufacture. 

G. R. Barnicoat, Dairy Research Inst., (N. Z.), 
Palmerston North. New Zealand J. Sci. Technol., 
29A,4: 185--191. Dec., 1947. 

Results with 36 well-manufactured butters (of 
low Cu and Fe content) churned from pasteurized 
sweet cream and exposed before working to dif- 
ferent light intensities for various periods indi- 
cated that interior diffuse daylight, not exceeding 
50 foot candles and for not over 2-hr. duration, 
had no deleterious effects on the product. 

W. C. Frazier 

497. Experiments on the packing and storage 
of butter. VII. The effect of “free” air in butter. 

C. R. Barnicoat, Dair>’ Research Inst. (N. Z.), 
Palmerston North. New Zealand J. Sci. Tech- 
nol., 29A, 4: 193-197. .Dec., 1947. 

“Free” air content of 16 samples of fai tory but- 
ter varied from 4.9 to 6.7 per cent. Reduction of 
the air content t»r working under a high vacuum 
did not alter the keeping quality but did change 
appearance and ph)sical characteristics. 

W. G. Frazier 

498. Experiments on the packing and storage 
of butter. VIII. The effect of certain added 
substances on the storage-life of butter. G. R. 
Barnicoat, Dairy Research Inst. (N. Z.), Pal- 
merston North. New Zealand J. Sri. Technol., 
29A, 4: 199-205. Dec., 1947. 

The following substances were added either 
singly or in combination: (a) dairy salt, (b) bor- 
ates, (e) citrates, (d) phosphates, (e) oat flour 
and (f ) NallGOg to an alkaline pH. Except with 
citrates, the results under the conditions em- 
ployed were di.scouraging in that the .storage life 
was not lengthened and even seemed to be 
shortened in some instances. W. G. Frazier 

499. Butter packaging. J. M. Nesbitt. Gan. 
Dairy Ice Cream J., 28, 2; 56-60. Feb., 1949. 

A good packaging material for print butter 
should have the following characteristics: (a) im- 


permeability to water vapor, gases, odors and 
light; (b) close adherence to the surface of the 
butter to prevent evaporation and loss of weight; 

(c) grease-proof, odorless and tasteless material; 

(d) high tensile strength when damp or wet; (e) 
adequate protection against mold growth on the 
surface of the butter; (f) easy adaptation to au- 
tomatic packaging machines and (g) attractive 
appearance and reasonable cost. The article gives 
the advantages and disadvantages of aluminum 
foil, vegetable parchment and fiber boxes. 

H. Pyenson 

500. A cream improvement program. C. H. P. 
Killick. Can. Dairy Ice Cream J., 28, 2: 40- 
43, 90. Feb., 1949. 

The reasons for the improvement in quality of 
cream in Manitoba during the past 25 yr. are: 
(a) the closing of cream-buying stations and (b) 
the establishment of a rompulsory cream grading 
service with fixed standards and legal minimum 
price differentials. A price differential between 
grades of cream is e.ssential as an incentive for 
improved quality, but if fixed, exerts less effect 
as the price for hutterfat rises. It also was found 
that the price level for butterfat appears to affect 
quality. The improvement in quality has reduced 
off-flavored, old and sour cream to less than 2% 
and improved butter quality from 70% first grade 
to 94% first grade. H. Pyenson 

501. Four-day grading and its effect on cream 
quality. H. W. GRhCfiRV, Purdue Univ., Lafay- 
ette, Ind. Natl. Butter Ghec.se J., 40, 5: 38, 40. 
May, 1949. 

Successful cream grading programs have one or 
more definite factors required in grading to .sup- 
plement the senses of taste and smell. Delivery 
within 4 d. after production .serves as a means of 
insuring a better quality cream. The 4-d. plan 
of cream grading has brought about an improve- 
ment in Indiana butter manufactured from cream 
purchased under this plan. H. E. Galbert 

Also sec abs. no. 519, 533, 534, 535, 568. 

CHEESE 

A. G. DAHLBERG, SEGTION EDITOR 

502. Lipolytic bacteria, a cause of rancidity in 
•heddar cheese. E. G. lloou, G. A. Gibson and 
J. F. Bowen. Gan. Dairy Icc Cream J., 28, 2: 
27-30, 88. Feb., 1949. 

An analysis of the results of 16 experimental 
vats of Cheddar cheese made from milk w'ith the 
addition of varying percentages of lipolytic bac- 
teria gave consistently lower flavor scores and 
consistently higher acid valuc-s th.^'n nninoculated 
vats. Normal uninoculated vats had an average 
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acid value of 1.0 while inoculated vats had acid 
values ranging from 1.8 to 16.0 after storage for 
10 d. The defects encountered in grading, namely 
“not clean”, “slightly rancid”, and “rancid”, were 
the same as those found in commercial grading. 
The extent to which flavor defects developed and 
acid degree values increased was related directly 
to the percentage of lipolytic organisms added 
to the cheese milk supply. The low flavor scores 
and the high acid degree values of the experi- 
mental cheese were thought to be due to lipolysis 
or a chemical break-down of the fat as a result 
of the action of lipolytic bacteria. The presence 
of lipolytic bacteria suggests that these organisms 
may be a cause of the sporadic or scattered occur- 
rence of rancid flavor in commercial cheddar 
cheese. H. Pyenson 

503. Further studies on rheological properties of 
cheese during manufacture and ripening. Part I. 
Margaret Baron. Natl. Inst, for Research in 
Dairying, Shinfield, Nr. Reading. Dairy Ind., 14, 
2: 146-151. Feb., 1949. 

Investigations were carried out to determine the 
relationship between the physical, chemical and 
bacteriological properties of milk, curd and cheese. 
The pH of the soft-pitched curd was low in com- 
parison with the rest, with one exception. The 
streptococci in these curds contained a high pro- 
portion of strains capable of producing slight gas 
in litmus milk. During ripening at 58° F., the 
cheese firmed up rapidly during the first 14 d., 
after which they softened somewhat at 28 d. and 
then gradually increased in firmness at a steadily 
declining rate until about 130 d. old, after which 
the body remained constant. The firmness of a 
cheese throughout its life was related directly to its 
firmness at pitching. 

A highly significant relationship was iound be- 
tween the weight and firmness of green cheese. 
The heavier the cheese, the softer it was, but this 
relationship did not exist as the cheese aged. 

A detailed study of variation of body through- 
out a single cheese was carried out on some 28 
cheeses. At the top or bottom of the cheese the 
periphery was slightly firmer than the center. 

G. H. Watrous, Jr. 

504. Further studies on rheological properties of 
cheese during manufacture and ripening. Part 11. 
Statistical results. Margaret Baron. Dairy 
Ind., 14, 3: 255-263. Mar., 1949. 

This report contains a statistical analysis of the 
work reported in part I of this study. The effects 
of variations in manufacture on the properties 
of green cheese were seen most clearly at 14 d. 
Milk with high fat content gave rise to soft young 
cheese, and the reverse held true. Milk with high 
S.N.F. produced a firm, tough cheese when ripe. 


High casein content alone did not make cheese 
firmer than normal. 

The firmness at cutting influenced the elasticity 
of the cheese; curd cut when soft resulted in cheese 
of high elasticity. The firmness at pitching mainly 
determined the firmness of the finished cheese; a 
curd pitched firm was found to cause a firm 
and dry cheese. The acidity at milling affected 
the elasticity and possibly the firmness of the 
cheese; high acidity produced a soft cheese with 
very little springiness. G. H. Watrous, Jr. 

505. Extraneous matter in cheese. D. C. 
Beckett. Can. Dairy Ice Cream J., 28, 3 : 96-98. 
Mar., 1949. 

For the third year in succession, extraneous 
matter tests on cheddar cheese have been con- 
ducted in the Dairy School Laboratories at 
Kemptvillc during the months of June, July and 
August. During the 1948 season, a total of 1,407 
samples were received for testing. The percent- 
age of acceptable samples was 26.15 in 1943, 
65.00 in 1946, 57.72 in 1947 and 86.86 in 1948. 

H. Pyenson 

506. De stremkrachtbepaling volgens de me- 
thode van Van Dam. (The rennet test according 
to the direct method of Van Dam.) English sum- 
mary. H. Mulder and L. Radema. Netherlands 
Milk and Dairy J., 1, 2: 128-133. Apr., 1947. 

The parallelism found by Van Dam between 
the peptic and the coagulating activity of rennets 
does not exist if the rennets contain very different 
amounts of pepsin. In order to estimate the curd- 
ling .power of a rennet, it is recommended to 
estimate first the strength of a chymosin solution 
according to the method of Van Dam. Then 
the curdling power of the rennet of unknown 
strength can be estimated by means of compara- 
tive tests. Details of the method arc given. 

W. M. Roberts 

507. Package and packaging material therefor. 
D. B. Andrews. (Assigned to Marathon Corp.) 
U. S. Patent 2,467,875. 6 claims. Apr. 19, 1949. 
Official.Gaz. U. S. Pat. Office, 621, 3 : 889, 1949. 

A block of cheese is wrapped tightly in a 2-layer 
wrapper with a tearing element imbedded in the 
coating. The wrapper may be removed easily by 
pulling a tab which causes the material to tear 
in a predetermined manner. R. Whitaker 

508. C3ieese-cutting device. H. A. Olander. 
U. S. Patent 2,468,229. 8 claims. Apr. 26, 1949. 
Official Gaz. U. S. Pat. Office, 621, 4; 1132. 
1949. 

A block of cheese may be sliced in diin layers 
by this device which consists of a holder in which 
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the cheese is placed and a wire cutter which is 
pulled horizontally through the cheese. The 
cutter is positioned by a tortuous slot at both ends 
of the holder, the cutter being moved along said 
slot from one level to another to produce uniform 
slices. R. Whitaker 

Also see abs. no. 513, 520. 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

509. Method of making low-ash crude lactose. 
E. F. Almy and M. E. Hull. (Assigned to M & 
R Dietetic Laboratories, Inc.) U. S. Patent 2,- 
467,453. 4 claims. Apr. 19, 1949. Official Gaz. 
U. S. Pat. Office, 621, 3 : 781. 1949. 

To sweet whey having a pH of 5.4 or higher 
is added sodium tetraphosphate in an amount 
sufficient to prevent heat coaguluation and hydra- 
tion of the protein. The whey then is condensed 
to a total solids content suitable for lactose crys- 
tallization. R. Whitaker 

510. The manufacture of cultured buttermilk 
from non-fat dry milk solids. R. N. Gostilon, 
M, L, Speck and W. M. Roberts, N. Carolina 
State College, Raleigh. Milk Plant Monthly, 38, 
4: 36-41. Apr., 1949. 

Cultured buttermilk of good quality may be 
prepared from reconstituted non-fat dry milk 
solids. The .suggested procedure for its manufac- 
ture involves pasteurization at 180° F. for 30 min., 
which sterilizes the reconstituted milk solids, yet 
docs not impart a pronounced cooked flavor to 
the finished product. A slight preference exists 
for a 10% total solids content, since cultured 
buttermilk containing 8% solids w'as too thin, 
whereas the 11% product was too vi.scous. A 
resulting acidity, calculated as lactic acid, of 0.85 
to 0.90% was found to be ideal from the con- 
sumer viewpoint. Following the above recom- 
mendations does not necessarily insure a premium 
product, since the flavor of the finished product 
cannot be better than the quality of the non-fat 
dry milk solids used in the preparation of the 
cultured buttremilk. J. A. Mciser, Jr. 

511. The manufacture, use and storage of de- 
hydrated sweetened condensed milk. A. T. Mus- 
SETT and W. H. Martin. Can. Dairy Ice Cream 
J., 28, 2: 68-74. Feb., 1949. 

See abs. 88, p. A19. 

512. Plastic cream-— its production and uses. 
R. J. Spiers. Can. Dairy Ice Cream J., 28, 
4: 42, 46. Apr., 1949. 


See abs. 87, p. A19. 

Also see abs. no. 524, 525, 526, 545. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

513. The effect of penicillin on the acid-produc- 
ing ability of starters. E. G. Hood and H. K. 
Katznelson. Can. Dairy Ice Cream J., 28, 3: 
32-33. Mar., 1949. 

Where occasional mastitis-infected animals are 
treated with penicillin, the problem of inhibition 
of starter activity in the milk is not likely to pre- 
sent itself, owing to the dilution of the penicillin 
in the pooled milk supply. Its inhibitory effect 
can be a source of considerable concern to cheese- 
makers in areas where extensive use of the anti- 
biotic is being made. It is suggested that the milk 
obtained from cows during the 3-d. penicillin 
treatment and for 1 d. thereafter, be used for pur- 
poses other than cheesemaking. A less costly 
method would be to inactivate the penicillin in 
the milk at the cheese factory using the enzyme 
penicillinase at the rate of 0.02 mg./ 100 ml. milk. 

H. Pyenson 

514. Air express shipment of milk samples for 
bacteriological analysis. Anonymous. Milk 
Plant Monthly, 38, 4: 70-72. Apr., 1949. 

Since many operators lack the ability to analyze 
microscopic counts correctly, a service whereby 
milk samples designated for bacteriological exam- 
ination are flown by plane to a central laboratory 
was established. Shipping containers consist of 
an aluminum box filled with perforated airfoam 
rubber for receiving the sample bottles. Sterilized 
bottles containing formaldehyde are expressed to 
the dairy, the samples taken and returned by air 
express to the central laboratory. Since reports 
can be mailed out the following day, the time lag 
is not objectionable. J. A. Mciser, Jr, 

515. Molds in the dairy plant. S. G. Knight, 
Univ. of Wisconsin, Madison. Milk Plant 
Monthly, 38, 4: 82-83. Apr., 1949. 

Molds grow on a wide variety of materials 
under many different conditions. This fact neces- 
sitates the control of these simple plants if one 
wishes to produce products that do not possess a 
“musty” or rancid flavor. Although growth may 
occur anywhere in the plants, molds, like roaches, 
readily grow in inaccessible damp areas which are 
not cleaned properly. 

Sanitation of wooden equipment involves con- 
stant and thorough cleaning followed by complete 
drying in dust-free air. Heavily infected equip- 
ment may be treated with chlorine solutions, hot 
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water or steam. Wrapping materials for dairy 
products may be freed of mold growth by soaking 
for 20 to 30 sec. in a 2 to 3% salt solution heated 
to 200® F. Also, 375 p.p.m. chlorine solutions 
and 10% calcium or sodium propionate solutions 
retard mold growth on wrapping materials. 

Walls and shelves should be washed with alka- 
line phosphate solutions followed by a rinse with 
1,000 p.p.m. chlorine solutions or 400 to 600 
p.p.m. solutions of quaternary ammonium salts. 
Other methods for controlling mold growth on 
walls involve the use of a 4% borax solution, a 
2% acetic acid solution, paints containing fungi- 
cides or ultraviolet lights, J. A. Meiscr, Jr. 

Also see abs. no. 502. 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

516. Preliminary investigations of the determi- 
nation of fully-saturated glycerides in New Zea- 
land butterfat. I. Ting, Fats Research Lab., 
Wellington, N. Z. New Zealand J. Sci. Technol., 
29A, 5: 240-246. Feb., 1948. 

Existing methods for determination of the fully- 
saturated glycerides in butterfat were found un- 
satisfactory. Higher yields of these glycerides 
were obtained by the author than by other 
workers, W. C. Frazier 

517. De dispersiteit van kamemelkvet en het 
centrifugeren van kamemelk. (The distribution 
of buttermilk fat and the separation of butter- 
milk.) English summary. H. Mulder. Nether- 
lands Milk Dairy J., 1, 1: 57-67. Jan., 1947. 

From the data in the literature covered by this 
review, the fat in buttermilk can be divided into 
fat from the original milk fat globules, groups of 
globules and butter granules, colloidal fat and 
phospholipids. On comparing the methods of 
Rahn, Sandelin and Sirks for estimating the size 
distribution of fat globules in buttermilk, the 
method of Sirks appeared to be most accurate 
because it involves the measuring and counting 
of all fat globules. Some of the original milk fat 
globules and a relatively large quantity of col- 
loidal fat remained in the buttermilk after centri- 
fuging. W. M. Roberts 

518. A general formula for the treatment of 
correction problems in the butyrometric deter- 
mination of fat. Th. Brouwer. Netherlands 
Milk Dairy J., 1, 2: 98-109. Apr., 1947. 

A formula was derived for correcting the bu- 
tyrometric determination of fat so that it will be 


comparable to the gravimetric method. The for- 
mula is: 

100 SK \ 100 MK 100 R 

-5— ‘)*-r-*-Q- 

C = correction expressed in %; B = fat content 
read on the butyrometer; S = volume of one scale 
unit expressed in ml.; M = volume of the meniscus 
expressed in ml.; Q= weight of the quantity of 
substance taken in the operation, expressed in g.; 
K and R = constants. W. M. Roberts 

519. The determination of diacetyl in butter. 
P. G. DEN Herder. Netherlands Milk Dairy J., 
1, 2: 110-113. Apr., 1947. 

By using a specially constructed apparatus, the 
method of Prill and Hammer for the determina- 
tion of diacetyl in butter was modified by sub- 
stituting a COj-streAm for the steam distillation. 

W. M. Roberts 

520. Olika faktorers inverkan pa lopekoaglets 
elastiska egenskaper. (Different factors affecting 
the elastic properties of rennet coagulum.) E. 

Hansson, G. Sjostrom and E. G. Samuelsson, 
Kam. Bact. Inst., Alnarpsinstitutets Mcjcriavdel- 
ning. Svenska Mcjeritidningen, 41, 5: 45-48. 
Jan., 1949. 

The elasticity of the coagulum changes in direct 
proportion to the amount of rennet when this 
varies within the range of 3 to 20 parts of rennet 
to 10,000 parts of milk. Since the pH in milk 
diminishes with the addition of lactic acid, the 
elasticity of rennet increases in proportion to the 
change in the pH. The addition of CaCl2 to milk 
causes an increase in the elasticity of the coag- 
ulum. This increase is greater than that brought 
about by the changes in the pH of milk. The 
elasticity increases constantly when the rennet 
temperature is between 25 and 30® C. Between 
35 and 45® C. the increase in elasticity was not 
constant. 

A “Konsistometer” is described. The elasticity 

is represented by the formula: E=^l, where 

T= (in minutes) between the addition of rennet 
and measuring the elasticity; k = concentration of 
rennet in parts per 10,000 parts milk; 9 = torsion 
angle measured in cm. on balance scales; and 
8 = opposite torsion angle for the cylinder. 

G. H. Wilster . 

521. Tocopherols (vitamin £) in milk: their 
chemical determination and occurrence in human 
milk. Mary Louise Quaife, Distillation Pro- 
ducts, Inc., Rochester, N. Y. J. Biol. Chem., 169, 
3: 513-514. Aug., 1947. 
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A method previously applied to the estimation 
of vitamin E in blood plasma has been adopted 
for milk. Because of the large proportion of low 
molecular weight triglycerides in butterfat, the 
molecular distillation technic is not applicable to 
milk. The method used employs solvent extrac- 
tion and colorimetric assay. Values for winter 
cow’s milk arc quoted at from 17 to 30 y/g. 
of butterfat, as compared with a group of summer 
milks with a mean value of 42 y/g. of fat. Fifteen 
samples of human milk, collected within 1 wk. 
postpartum, gave values of from 76 to 1,800 y/g. 
of fat, with 12 of the 15 samples exceeding 200 y. 
Four composite samples of human milk, from 14 
mothers in their first eighth month of lactation, 
showed tocopherol levels of from 37 to 58 y/g. 
of fat. A. O. Call 

522. Instability of milk due to an increased ac- 
tivity of calcium ions. L. Seekles and W. Th. 
G. M. Smeets. Netherlands Milk Dairy J., 1, 
1:7-18. Jan., 1947. 

Typical and non-typical cases of the “Utrecht- 
abnormality (instability) of milk” are due to its 
increased calcium ion activity. The exact cause 
of this condition is not known but it may be due to 
mineral regulating processes in the animal body 
and factors which affect them. Typical cases 
often could be corrected successfully by oral or 
subcutaneous administration of sodium citrate. 
The instability of milk ^ decreases as the pH is 
increased. Also, the condition was corrected by 
adding sodium citrate, a mixture of monopotas- 
sium and disodium phosphates, potassium oxalate 
or sodium flouride to the milk. 

W. M. Roberts 

523. The condition of casein in milk. P. van- 
DER Burg. Netherlands Milk Dairy J., 1, 2: 69- 
77. Apr., 1947. 

It was stated that casein occurs in milk as a 
salt of Ca; this salt keeps .some colloidal Ca and 
PO, in suspension. Ca combines with the casein 
in an amount equivalent to the organic phosphate. 
From formaldehyde titration values obtained 
after heating milk, as well as after the addition of 
oxalate, it is concluded that the positive amino 
groups of ly.sine take part in the binding of the 
negative phosphate groups. This leaves only the 
negative carboxyl groups for the colloidal calcium. 

W. M. Roberts 

524. Method of treating casein products. J. G. 
Weeldenburg. (Assigned to American Enka 
Corp.) U. S. Patent 2,468,531. 7 claims. Apr. 
26, 1949. Official Gaz. U. S. Pat. Office, 621, 
4; 1208. 1949. 


Filaments of casein arc made acid-resistant, 
the wet strength is increased and the swelling 
value reduced by reacting the casein with a solu- 
tion of dimethylol and the monomethylol deriva- 
tive of mono- and di- substituted phenols, then 
removing the excess solution, drying and heating. 

R. Whitaker 

525. Method of purifying casein. R. J. Block 
and H. W. Howard. (Assigned to the Borden 
Co.) U. S. Patent 2,468,7.30. 6 claims. May 3, 
1949. Official Gaz. U. S. Pat. Office, 622, 1 : 125, 
1949. 

Casein in solution above pH 6 is coagulated by 
adjusting the pH to between 4 and 6 and, after 
filtering, is suspended in water. Sulphur dioxide 
gas is added to about pH 1.9 to produce a col- 
loidal sol. The purified casein then is reprccipi- 
tated by adjusting the pH to between 4 and 6 and 
finally dried. R. Whitaker 

526. Method of producing egg substitutes. T. 

W. Lindewald and S. Gruben. (Assigned to 
Svenska Mjolkprodukter Akticbolag.) U. S. 
Patent 2,468,677. 6 claims. Apr. 26, 1949. 

Official Gaz. U. S. Pat. Office, 621, 4: 1246. 
1949. 

A substitute for egg albumin is made by drying 
skim milk treated with rennet at pH 6 to 7 in the 
presence of a substance capable of removing all of 
the dissociated calcium. R. Whitaker 

527. A study of whey proteins from the milk 
of various animals. H. F. Deutsoii, Univ. of 
Wisconsin, Madison. J. Biol. Chem., 169, 2: 
437-148. July, 1947. 

Milk scrum proteins, obtained in most cases by 
removal of the casein from the skim milk by 
precipitation with rennin, were dialyzed, frozen 
and dried in vacuo. Electrophoretic mobility 
measurements, as well as sedimentation analyses 
(using an oil turbine Svedberg ultracentrifuge), 
then were made. The samples of milk tested were 
from the cow (no breed given), goat, pig (two 
breeds), human, sheep and horse. For each 
species samples included various days postpartum. 
Tables giving the results and also electrophoretic 
boundaries as well as sedimentation diagrams arc 
included. Each species shows marked difference 
in the electrophoretic and sedimentation patterns 
of the whey proteins. The patterns change with 
the transition from colostrum to normal milk. 

A. O. Call 

528. Composition of Percheron mares’ colo- 
strum. A. D. Holmes, A. F. Spellman and R. 
T. Wetherbee, Mass. Agr. Expt. Sta., Amherst. 
J. Nutrition, 37, 3: 385-392. Mar., 1949. 
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Thirty samples of colostrum were collected for 
the first 6 days of lactation from normal purebred 
Percheron mares. The initial samples of colo- 
strum were not collected at the same interval 
following parturition. This possibly accounts for 
some of the wide variation of components in the 
first samples. Protein and magnesium content 
averaged higher in the first samples than in later 
samples. The amounts of ascorbic acid, phos- 
phorus and potassium were lower in the initial 
samples than in later samples. Average values 
for individual mares ranged as follows: water, 
86.3 to 88.1%; protein, 3.7 to 5.4%; ascorbic acid, 
47 to 66 mg./l.; P, 75 to 86 mg./lOO g.; K, 80 
to 101 mg./lOO g.; and Mg, 13 to 16 mg./lOO g. 

R. K. Waugh 

529. Interaction of homologous alkyl sulfates 
wih bovine serum albumin. F. Karush and M. 
Son NEN BERG, N. Y. Univ. College of Medicine. 
J. Am. Ghem. Soc., 71, 4: 1369-1376. Apr., 
1949. 

A colorimetric method for determining low 
concentrations (10~®Af) of homologous alkyl sul- 
fates (dodecyl, decyl and octyl sulfates) was 
developed in order to study the reversible binding 
of these compounds by bovine serum albumin. 
Employing the method of equilibrium dialysis, 
experiments were conducted at room temperature 
(25-28® C.) and at low temperature (1-2® C.). 
The values of the thermodynamic functions AF®, 
AH® and AS®, for the binding process have been 
calculated. The binding of the alkyl sulfates is 
considered to be largely or wholly an entropy 
effect. However, no decision can be made as to 
the extent to which these changes are associated 
with the release of water molecules bound to 
protein and anion and/or structural changes of 
the protein. The binding of organic ions«to serum 
albumin probably involves the electrostatic inter- 
action between a positively charged group of the 
protein and the negative group of the anion. All 
of the positive groups on the protein are not 
available for binding. Results of this study show 
that only 14 groups are involved in binding, al- 
though the analytical data for bovine serum al- 
bumin indicate that at pH 6.1 the aiginine and 
lysine residues alone account for 84 such groups. 
Considering the possibility that a variation of the 
intrinsic association constants of the binding sites 
would account for the shape of the binding curves 
observed, a quantitative formulation has been 
proposed. The new theory describes the hetero- 
geneity associated with differences among the sites 
on the same molecule. H. J. Peppier 

530. Studies on proteins from bovine colostrum. 
I. Electrophoretic studies on the blood serum 
proteins of colostrum-free calves and of calves fed 


colostrum at various ages. R. G. Hansen and P. 
H. Phillips, Univ. of Wisconsin, Madison. J. 
Biol. Chem., 171, 1: 223-227. Nov., 1947. 

The blood serum proteins of calves were meas- 
ured electrophoretically before and after they 
had ingested colostrum and at various ages. 
When colostrum was fed within 24 hr. after birth 
there was a marked increase in the y-globulin in 
the blood serum, but when colostrum was fed 
after the calves were 24 hr. old there was no 
such increase of this blood serum fraction. The 
same effect and the same limitation as to age 
were found when a water-soluble globulin was 
isolated from colostrum, added to warm skim 
milk and fed the calves. When calves were not 
given colostrum within 24 hr. after birth, it re- 
quired about 8 wk. for their serum blood protein 
fractions to approach normal values. 

A. O. Gall 

531. Studies on proteins from bovine colostrum. 
II. Some amino acid analyses of a purified colos- 
trum pseudo-globulin. R. G. Hansen, R. L. 
Potter, and P. H. Philups, Univ. of Wisconsin, 
Madison. J. Biol. Chem., 171, 1 : 229-232. Nov., 
1947. 

A water-soluble fraction of bovine colostrum 
referred to as pseudoglobulin was isolated and 
purified by repeated precipitation and solubiliza- 
tion. Sedimentation analyses, using a Svedberg 
oil turbine ultraccntrifuge, and also electrophore- 
tic analyses indicated that the fraction was homo- 
geneous. Determinations were made for fourteen 
different amino acids and the percentages are 
given in a table compared with reported values 
for the same amino acids as found in human y- 
globulin. In general, the colostrum globulin is 
similar in amino acid content to the human Y- 
globulin except that it shows a somewhat higher 
level of proline and isoleucine and the lysine value 
is somewhat lower than that reported for human 
Y-globulin. A. O. Call 

532. Biophysical studies of blood plasma pro- 
teins. IX. Separation and properties of the 
immune globulins of the sera of hyperimmunized 
cows. E. L. Hess and H. F. Deutsgh, Univ. of 
Wisconsin. J. Am. Chem. Soc., 71, 4: 1376- 
1381. Apr., 1949. 

Ethanol fractionation has been applied to the 
recovery of the antibody-enriched fractions of 
hyperimmune sera prepared by inoculating 2 
Holstein cows with Newcastle virus in whole egg 
embryo and with viable Brucella abortus sus- 
pensions at 4-d. intervals over a 3-mo. period. 
B. abortus agglutinins and bactericidins and New- 
castle virus hemagglutination inhibiting and neu- 
tralizing antibodies were assayed. Increases in the 
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content of the serum 7-globulins were followed by 
electrophoretic analysis. The major portion of 
the antibodies was precipitated from the diluted 
serum at pH 7.6 and 18% ethanol, yielding more 
than 90% of the v-globulins present in the original 
serum. Antibodies of B. abortus differed in solu- 
bility; the bactericidins were comparatively more 
.soluble than the agglutinins. Subfractionation of 
the Y-globulins revealed the presence of the neu- 
tralizing antibodies for Newcastle virus in both 
the 7;^- and Y2‘‘globulin fractions; the hemagglu- 
tination inhibiting antibodies appeared to remain 
largely in the Yrglobulin fraction. The con- 
centration of neutralizing antibodies for Newcastle 
virus and bactericidins and agglutinins for B. 
abortus was distinctly lower in the Yg-globulin 
fraction. Electrophoretic spreading experiments 
and solubility studies indicated that the 7-globulin 
fractions arc electrically inhomogeneous. Their 
sedimentation behavior, however, revealed an es- 
.sentially monodispcr.se system. H. J. Peppier 

Also see abs. no. 498, 506, 538. 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

533. Butter manufacturing process. H. 

Hornkman, R. V. IIussoNG, S. N. Quam and 
B. W. Hammer. (Assigned to Sugar Greek 
Creamery Co. and Cherry Burrell Corp.) U. S. 
Patent 2,466,894. 16 claims. Apr. 12, 1949. 

Official Gaz. U. S. Pat. Office, 621, 2: 494. 1949. 

Butter is produced continuously from cream 
through the following series of steps; preheating, 
filtering, pasteurizing by a steam-vacuum treat- 
ment, centrifuging to produce milk fat, blending 
the fat with water and salt in a mixing chamber, 
cooling to stabilize the emulsion and finally work- 
ing into butter. R, Whitaker 

534. Butter manufacturing means and method. 

H. C. lIoRNEMAN, R. V. Hu.ssong, S. N. Quam, 
and B. W. Hammer. (Assigned to Sugar Creek 
C^reamcry Co. and Cherry Burrell Corp.) TJ. S. 
Patent 2,466,895. 18 claim-s. April 12, 1949. 

Official Gaz. U. S. Pat. Office, 621, 2: 494. 1949. 

Essentially the .same as abs. no. 533 covering 
patent 2,466,894 with details given for controlling 
the cry.stallization of the blended milk fat, water 
and salt to yield a butler of good texture by 
means of a freezer-type cooler and a tubular tex- 
ture developer equipped with restricted orifices. 

R. Whitaker 

535. Dairy Process. H. C. Hornf.man, R. V. 

Hussono, S. N. Quam and B. W. Hammer. (As- 
signed to Sugar Creek Creamery Co. and Cherry 
Burrell Corp.) U. S. Patent 2,466,896. 12 

claims. Apr. 12, 1949. Official Gaz. U. S. Pat. 
Ofiicc,621, 2 : 494. 1949. 


A dairy product, having many of the character- 
istics of butter, is produced by the same sequence 
of steps as described in abstract no. 533 covering 

U. S. patent 2,466,894. R. Whitaker 

536. Practical ammonia refrigeration for ice 
cream and milk plants. Ci.yde H. Minster, 
Greenbrier Dairy Products Co., Beckley, W. Va. 
Ice Cream Rev., 32, 9: 44, 94, 96, 98, 100, 102, 
104, 106. Apr., 1949. 

In determining the refrigeration load, the au- 
thor suggests the use of a flow sheet depicting each 
operation involved in procc.ssing of the various 
products of the plant. 'Fhe diagrammatic flow 
.sheet presented with the article should serve as 
a useful guide in the preparation of such a chart. 

The refrigeration load in the typical milk plant 
is mostly the cooling of products and product 
containers. Sweet water cooling with an ice 
bank hold-over system is suggested as an economi- 
cal method for cooling raw' milk since this .system 
permits storage of refrigeration in the form of ice 
which in turn will reduce the size of comprcs.sor 
required. Further economies can be effected in 
the refrigeration load if the raw milk w'hich is to 
be separated can be by-passed around the raw 
milk cooler directly to the preheater. The full 
use of regeneration w'hencvcr pos.siblc in cooling 
milk following pasteurization will conserve both 
heat and refrigeration. Milk or milk products 
placed in warm containers frequently will .show 
an appreciable temperature rise which is det- 
rimental to its quality. The cooling of the con- 
tainers constitutes a portion of the refrigeration 
load which frequently has been overlooked. To 
date no satisfactory method has been devised for 
adeciuaic precooling of milk bottles prior to filling. 
The temperature of storage rooms for bottled 
milk should not be permitted to rise above 33° 
F. In addition to temperature control, good air 
circulation is essential in the storage room. 

ITie refrigeration load for the ice cream plant 
involves: (a) cooling and storage of mix, (b) 
partial freezing in the freezer, (c) hardening and 
storage of the ice cream and (d) freejsing of 
novelties with low temperature brine. Direct ex- 
pansion ammonia systems arc best adapted for 
the freezing and hardening of ice cream. The 
freezing of novelties is carried out with a low 
temperature brine w'hich in turn is cooled to the 
desired temperature with ammonia coils. Mix 
cooling can be carried out with either sweet water, 
brine or direct expansion. W. J. Caulfield 

537. Ammonia equipment in ice cream plants. 

V. C. Patterson. Gan. Dairy Ice Grcam J., 28, 
4: 72-76. Apr., 1949. 

See abs. 454, p. A94. 

Also sec abs. no. 554, 555, 573, 574, 575. 
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DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

538. De bepaiing van het vetgehalte en de 
involed van systematische fouten op de verliescij- 
fers der vetbalans. (The estimation of the fat 
content and the influence of systematic errors on 
the figures of loss in the balance-sheet for fat.) 
English summary. A. F. Tamsma, H. J. J. Jans- 
sen, and S. A. H. Passenier. Netherlands Milk 
Dairy J., 1, 2: 78-97. Apr., 1947. 

In checking the amount of butterfat lost in 
dairy plant operations, the reliability of the figures 
has been found to depend to some extent upon the 
methods used for routine butterfat determinations. 
Analytical errors accounted for about 2% fat 
loss when the Gerber test was used as the basic 
method. Either a test must be found which is 
sufficiently accurate and will give a fat loss of 0% 
in the ideal case or a correction factor should be 
used. The Weibull method is suggested as being 
very .satisfactory. If the Gerber test is used, the 
correction factor would have to amount to 2%, 
i.e., the Gerber fat content must be multiplied 
by 0.98. W. M. Roberts 

539. Modern trends in self-service and package 
merchandising of ice cream. H. H. Robbins, 
Paraffined Carton Research Council. Ice Cream 
Trade J., 45, 4: 54, 55, 116-118. Apr., 1949. 

Merchandising fundamentals that will make for 
increased sales include quality of product, proper 
packaging, display and merchandising and ad- 
vertising. The tremendous growth of self-service 
type of merchandising in food stores has resulted 
in the necessity for placing more emphasis on 
packages and impressing brand names on the con- 
sumer’s mind. 

From 1938 to 1947 groceries handling ice 
cream have increased from 22 to 68%. New 
household refrigerators with low-tcmperaturc 
storage compartments provide ample space for 
storage of packaged ice cream. Low-temperature 
storage boxes for home and farm use make ice 
cream available to many people who have had 
it only occasionally. New automatic packaging 
machinery has reduced packaging costs. With 
facilities for storage of ice cream in the home, 
consumers are purchasing in larger amounts and 
new outlets make ice cream more readily avail- 
able. Dealers are becoming more interested in 
selling packaged ice cream because it has elimi- 
nated dipping losses. Improved quality and the 
introduction of the higher quality, low-overrun ice 
cream has increased home consumption. Open 
display cabinets and mobile cabinets have in- 
creased sales of packaged ice cream. Aggressive 


merchandisihg by drug stores is increasing the 
sale of ice cream not only at the fountain but 
also for carry-home use. W. H. Martin 

540. Carnation hits hard for more sales. 
Anonymous. Ice Cream Field, 53, 3: 46-48, 
50-51. Mar., 1949. 

This is a condensation of the Feb. issue of The 
Mixer, a monthly publication of the Carnation 
Co., Los Angeles, Calif. Charts and statistics are 
given to stress the advantages of ice cream in drug 
stores and markets. The Rexall survey (1929) 
is quoted as saying that “For every $1.00 the 
fountain brings in, the store volume in other de- 
partments increases $0.93.” The advantages of 
rapid turn-over are emphasized by charts. Drug 
stores are urged to consider shorter gross profit 
on packaged ice cream in order to increase sales 
volume. It is suggested that a “take home” 
cabinet, separate from the fountain, serves as an 
additional display; furthermore, this method of 
selling ice cream is less costly than selling at the 
fountain. The Hotel Gazette (1943) is quoted 
as finding that America’s favorite dish is ice 
cream. W. C. Cole 

541. How to increase per capita sales. M. L. 
Finneburch, Liquid Carbonic Corp., Chicago, 
111. Icc Cream Field, 53, 3: 44, 60, 62, 64, 65. 
Mar., 1949. 

To emphasize the importance of retail outlets 
for ice cream, the following statistics are given: 
Forty million Americans cat away from home 
every day. In drug stores 43% of the multiple 
sales start at the soda fountain, 25% of the average 
store volume comes from the soda fountain, 31% 
of the store gross profits come from the soda 
fountain and, on the average, the soda fountain 
shows a net profit of 14%. The author empha- 
sizes the increased profits resulting from increased 
sales. He classes the soda fountain as a “food 
and refreshment factory”, claiming it is the “Per- 
sonality” department and, because of this, has a 
distinct advantage from the sales point of view. 

W. C. Cole 

542. “Onc-stop-saver” plan. V. M. Rabuffo. 
Ice Cream Trade J., 45, 4 : 44-46, 108-1 10. Apr., 
1949. 

Stores using the plan must phone orders to 
the company during the day prior to delivery; the 
minimum order is for 5 gal. of ice cream or 12 
dozen novelties at one delivery and the store per- 
sonnel must take the ice cream from the truck 
at the curb and place it in the cabinet in the store. 
The price is ba.sed on the quantity delivered, 
ranging from $1.46 per gal. for 5 to 9 gal., to 
$1,37 per gal. for 50 gal. or more at one delivery. 

W. H. Martin 
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543. Prices drop. Ice Cream Trade J., 45, 4: 
4(M2, 97-104. Apr., 1949. 

Wholesale prices of ice cream have been re- 
duced from 8 to 25 cents per gal. in most of the 
major markets throughout the United states dur- 
ing the past 2 mo. These reductions have been 
possible as the result of lower prices for milk 
and milk products used in the manufacture of ice 
cream. It is the hope of the industry leaders that 
these price reductions will be passed on from 
the dealers to the consumers and that increased 
sales will result. W. U. Martin 

544. A double incentive plan. T. Knight. 
Milk Plant Monthly, 38, 4: 50-51. Apr., 1949. 

Providing a routeman's outstanding bills are 
lower than in the preceding month, he receives 
$1.50 for each new quart of business secured. 
This bonus is reduced to $1.00 if his outstanding 
bills exceed those of the preceding month. Ac- 
curate recording and prompt posting of this col- 
lection data by the sales manager make this plan 
an eflPectivc method of promoting sales and speed- 
ing up collections. J. A. Meiser, Jr. 

545. Cost problems of the dry milk industry. 
D. Bnrz and E. F. Koi.i.er, Univ. of Minne.sota, 
St. Paul. Natl. Butter Cheese J., 40, 5: 36-37, 60. 
May, 1949. 

The costs of manufacturing 1 lb. of milk pow- 
der by the spray and roller methods in 1947 were 
4.4 and 3.7 cents, re.spectively. Labor, packaging 
supplies and fuel compose 0.75 of the manufac- 
turing cost. Manufacturing costs were 1 cent/lb. 
lower in spray-drying plants producing over 6 
million lb. of powder annually than in plants 
producing less than this amount. Indications for 
1948 show that labor and fuel costs increased. 
The estimated average manufacturing cost in 
1948 will be 0.5 ccnt/lb. higher than in 1947. 

Seasonality of products is a big factor in pow- 
der manufacturing costs. Labor and equipment 
are designed to handle milk flow during peak 
periods, resulting in le.ss efiicient use of labor and 
equipment at other times of the year. Diversity 
of plant operations may be an answer to this prob- 
lem. The introduction of more labor-.saving 
equipment and methods would cut manufacturing 
costs. More effective utilization of fuel should be 
studied. H. E. Calbert 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

546. Effect of vitamin A supplements upon the 
state of vitamin A in blood scrum of the dairy 
cow and in blood serum and liver of its neonatal 
calf. D. B. Parrish, G. H. Wise, and J. S. 


Hughes, Kansas Agr. Expt. Sta., Manhattan. J. 
Biol. Chem., 172, 2: 355-365. Feb., 1948. 

Sixteen pregnant cows (5 Holstein, 3 Ayrshire, 

4 Guernsey and 4 Jersey) were divided into two 
groups about 4 wk. before parturition, one group 
being given supplements of vitamin A in the form 
of the alcohol and the other vitamin A in the 
form of the ester. Before this supplementation 
their blood scrum averaged 34 y total vitamin 
A/ 100 ml., of which 10% was in the form of the 
e.stcr. Following daily oral doses of 500,000 I. U., 
and later I million, of both the alcohol and the 
ester, the total vitamin A level of each group 
increased to an average of 45 y/lOO ml. of serum, 
of which 24% was in the form of the ester. At 
parturition the supplementations were di.scon- 
tinued, resulting in a decrease to 28 y/IOO ml., of 
which 9% was in the ester form. There was no 
significant difference between the groups receiv- 
ing the two different forms of vitamin A. 

Fifteen newborn male calves (6 Ayrshire, 4 
HoLstcin, 3 Guernsey and 2 Jersey), of which 6 
were from the dams on the experiment above, 
comprised a group used to determine the level 
of vitamin A in their blood scrum and livers. 
With one exception, they were 4 d. or less of age. 
The blood serum of 10 of the calves showed 
vitamin A values of from 5 to 22 y/100 ml. Of 
the total vitamin A in their blood scrum, 2 calves 
showed more than 60% of it to be in the form 
of the ester and the other 8 had a fourth or less 
of their scrum vitamin A in the ester form. 
Fourteen of the group were sacrificed for vitamin 
A assays of their livers. Although the total 
vitamin A of their livers varied widely, depending 
upon the supplement of their dams, in all cases 
more than 70% was present in the ester form. 

A. O. Call 

547. The lactation response as limited by feeds 
produced under two systems of soil fertilization. 
K. A. Kendau., W. B. Nfvens and O. R. Over- 
man, Univ. of lllinoLs, Urbana. J. Nutrition, 36, 
5: 625-637. Nov., 1948. 

The effect of fertilizer treatment of soils on the 
nutritive value of rations consisting of lespedeza 
hay and wheat grain and of soybean hay and 
wheat grain were appraised through reproduction 
and lactation responses of rabbits. All plots on 
which crops were grown for this study received 
4 tons of raw rock phosphate, 2.25 tons of kainit 
and 1,000 lb. of muriate of potash over a period 
of 12 yr. In addition, one series of plots was 
treated with 12 tons of limestone over this same 
period. 

The lespedeza and wheat ration from tlic soil 
fertilized with PK + Ca appeared to be slightly 
more palatable than the same ration from soil 
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which did not receive Ga. Rabbits receiving the 
rations from soil receiving only PK averaged 6.43 
young per litter while those fed rations from soils 
receiving PK + Ca averaged 7.75 young. Average 
daily weights, body length and gastrointestinal 
contents, and deposition of dry matter, total nitro- 
gen and ash were greater for young fed on milk 
from mothers which received rations from soils 
fertilized with PK + Ga than those fed on milk 
from mothers which received rations from soils 
treated only with PK. R. K. Waugh 

548. The placental and mammary transfer of 
tocopherols (vitamin £) in sheep, goats and swine. 
F. Whitino and J. K. Loosu, Cornell Univ., 
Ithaca. J. Nutrition, 36, 6: 721-726. Dec., 1948. 

The effects of supplementing prepartum ra- 
tions with tocopherols on the tocopherol content 
in livers and blood plasma of newborn, and on the 
amount of tocopherol in colostrum were studied. 
Half the animals received rations supplemented 
with 80 mg. of v-tocopherol per 100 lb. of body 
weight daily until parturition. The other half 
served as controls. Samples from the newborn 
were taken before they had received colostrum and 
the colostrum was sampled before the young were 
suckled. 

The supplementation of the mothers’ prepartum 
ration slightly increased the tocopherol content 
of livers of new bom. This increase was not sta- 
tistically significant. The tocopherol content of 
blood plasma of lambs and kids was increased 
significantly by the prepartum supplementation, 
but no increase was observed with newborn pigs. 
Supplementation resulted in a two-fold increase 
in tocopherol content of colostrum in all species. 
Golostrum contained 3 to 4 times as much toco- 
pherol as milk from the same species 4 d. later. 

R. K. Waugh 

549. The effect of mixed tocopherols on milk 
and butterfat production of the dairy cow. P. H. 
Phillips, J. Kasteuc and E. B. Hart, Univ. of 
Wisconsin, Madison. J. Nutrition, 36, 6; 695- 
701. Dec., 1948. 

A farm herd of Holstein cattle was used to study 
the effect upon per cent butterfat, total fat and 
milk production of supplementing rations with 1 
g. of mixed tocopherols per cow daily. H.I.R. 
monthly tests and milk records were used for the 
production data. In trial I 7 cows were used as 
controls and 8 other cows received daily 21.3 g. of 
a preparation which furnished 1 g. of mixed to- 
copherols. The tocopherols were added to the 
evening feed. In trial II 7 cows which had re- 
ceived tocopherols and 4 cows which had served as 
contarols in trial I were fed a grain ration with 
which the tocopherols had been mixed at the time 


of grinding the grain. Neither method of feeding 
the mixed tocopherols had any effect on per cent 
butterfat, total butterfat or milk production. 

R. K. Waugh 

Also see abs. no. 530. 

GENETICS AND BREEDING 

N. L. VAN DEMARK, SEGTION EDITOR 

550. The amino acid composition of bovine 
semen. B. G. Ray Sarkar, R. W. Luecke, and 
G. W. Duncan, Michigan State Gollege, East 
Lansing. J. Biol. Ghem., 171, 2: 463-465. Dec., 
1947. 

A composite of 149 semen samples from 40 
different bulls representing Holstein, Guernsey and 
Jersey breeds was separated into sperm and semi- 
nal plasma by centrifugation. Each fraction then 
was dried and analyzed microbiologically for 
eleven different amino acids. The results are 
presented in a table. The amino acid composi- 
tions of sperm and seminal plasma arc quite 
similar, except that arginine and leucine are 
higher in sperm while tryptophan is higher in 
the plasma. Nitrogen values of 17.61 and 
12.05%, respectively, for the sperm and seminal 
plasma on a moisture-, fat- and ash-free basis are 
reported. A. O. Gall 

Also sec abs. no. 488, 552. 

HERD MANAGEMENT 

11. A. HERMAN, SECTION EDITOR 

551. Breed type and production records in Jer- 
sey cattle in New Zealand A. H. Ward and O. 
M. Gastle, New Zealand Dairy Board. New 
Zealand J. Sci. Technol., 29A, 4: 175-183. Dec., 
1947. 

Records on cows are classified according to 
New Zealand standards into: very highly com- 
mended, highly commended, commended and 
commended for superior progeny. 

W. G. Frazier 

552. Average length of gestation period in dairy 
cattle in New Zealand. A. H. Ward and O. M. 
Gastle, New Zealand Dairy Board. New Zea- 
land J. Sci. Technol., 29A, 4: 171-173. Dec., 
1947. 

The length of the gestation period for 2,255 
cows conceiving within a 6-mo. period was suni- 
marized. The average length of gestation period 
for single calves was 283 1 1 1 .3 d. Some 85 cows 
had a period of less than 267 d and 87 a period of 
greater than 299 d. The gestation period for 
single births is approximately 4 d. longer than 
for twin births. Significant differences between 
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average gestation periods in different sections of 
New Zealand were observed W. C. Frazier 

553. Method of making milker nipples. C. A. 
Thomas. (Assigned to Babson Bros. Co.) U. S. 
Patent 2,463,920. 7 claims. Mar, 8, 1949. Of- 
ficial Gaz. U. S. Pat. Office, 620, 2: 582. 1949. 

On the type of milker which has the milk-col- 
lecting vessel directly beneath the cow, the vacuum 
automatically is cut off when the teat cup drops 
off. This is accomplished by having the flexible 
hose to the teat cup slip over a rigid tube cut at 
an angle of about 22.5° with the flat side facing 
upward. When the teat cup hangs down, the wall 
of the flexible tube covers the flat end of the 
rigid tube, thus preventing loss of vacuum. 

R. Whitaker 

554. Automatic shut-off mechanism for milking 
machines. M. K. Fades. U. S. Patent 2,466,841. 
3 claims. Apr. 12, 1949. Oflicial Gaz. U. S. Pat. 
Office,621, 2: 479. 1949. 

A float-operated valve automatically stops the 
milking machine from operating when the flow of 
milk cca.ses. R. Whitaker 

555. Milking apparatus. A. C. Wktby. (As- 
signed to Solar Corp.) U. S. Patent 2,467,512. 2 
claims. Apr. 19, 1949. Official Gaz. U. S. Pat. 
Office, 621, 3: 796. 1949. 

To provide the puls(iting vacuum required for 
a milking machine, a rotor periodically connects 
the pulsing line with the suction source and 
periodically connects the pulsing line with the 
atmosphere. R. Whitaker 

556. Strip cup. C. A. Thomas. (Assigned to 
Babson Bros. Co.) U, S. Patent 2,467,949. 3 
claims. Apr. 19, 19*19. Official Gaz. U. S. Pat. 
Office, 621, 3: 908. 1949. 

This strip cup has a cover in the shape of a 
shallow funnel. Milk from the udder is directed 
on the surface, where it spreads out to form a 
film and then drains down into the cup below 
through the center opening. R. Whitaker 

Also see abs. no. 487. 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

557. Defects in ice cream. C. D. Dahle, Penn- 
sylvania State College. Ice Cream Trade J., 45, 
4:48,49,110,111. Apr., 1949. 

The causes and remedy for common flavor de- 
fects arc discussed. These include old material, 
unclean, cooked, neutralizer, salty, sour, oxidized 
and rancid flavors. Body defects discussed in-- 


clude sogginess, fluffy, gummy and crumbly. 
Texture defects include coarse, buttery, sandy 
and poor melt-down characteristics. 

Shrinkage is discussed in detail, including the 
effects of continuous freezers, dry ice, paper con- 
tainers, storage temperatures, overrun, types of 
sweeteners, stabilizers, emulsifying agents, dry- 
nes of ice cream, free-fatty acids, protein .stabil- 
ity, composition of the mix, types of dairy prod- 
ucts and seasons of the year. Shrinkage theoreti- 
cally is attributed to the escape of air from the 
air cells by diffusion or collapse of the air cell 
wall due to pressure from within or without the 
cell. Wall strength is important in retaining air 
within the cell. Shrinkage may be attributed to 
some of the fundamental factors which have a 
definite effect on the behavior of milk solids dur- 
ing certain .seasons of the year. W. II. Martin 

558. Significance and control of coliform in ice 
cream making. G. W. Siiadwick. Can. Dairy 
Ice Cream J., 28, 3: 74-78. Mar., 1949. 

See abs. 441, p. A92. 

559. Production and pasteurization of ice cream 
mix by H.T.S.T. method. C. M. Minthorn. 
Can. Dairy Ice Cream J., 28, 2: 76-78, 90. Feb., 
1949. 

See abs. no. 466, p. A98 

560. Controlling viscosity of chocolate ice cream 
mixes. C. D. Dahle, W. R. Davev and W. D. 
Swope. Can. Dairy' Ire Cream J., 28, 4 : 58-64. 
Apr., 1949. 

Sec abs. 471, p. A99. 

561. Ice cream cup. A. A. IIevman. (Assigned 
to Maryland Baking Co.) U. S. Patent 2,462,497. 
2 claims. Feb. 22, 1949. Official Gaz. U. S. 
Pat. Office 619, 4: 1074. 1949. 

A flat-bottomed ice cream cone is described 
which has a .series of protruding arms of pastry 
around the inner periphery and also upward 
from the bottom which impart the following fea- 
tures to the cone: the portion of ice cream is 
supported on top of the cone, suggesting over- 
filling and preventing accidental spilling, the cups 
may be nested without breaking the nesting rings 
and the ice cream may be nearly all consumed 
before the cup need be eaten. R. Whitaker 

562. Prospectus for packages. W. D. Kellogg, 
Container Corp. of America, Chicago, 111. Ice 
Cream Field, 53, 3: 75. Mar., 1949. 

Packaged ice cream provides a means whereby 
the indu.stry may attain its announced goal of a 
billion gal. of ice cream per yr. Education, up- 
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grading, reduction in distribution costs and better 
merchandising are steps listed as necessary if this 
goal is to be attained. Dispensing ice cream in 
packages is more sanitary and more economical 
and permits better merchandising through more 
attractive designs; it is necessary in self-service 
stores. 

Making a factory-filled package comparable in 
quality to “hand-dipped” ice cream is essential 
if packaged ice cream is to be accepted uni- 
versally. The need of proper carry-out insulated 
bags as well as adequate home refrigerator stor- 
age are stressed as a means of convincing con- 
sumers they should maintain a supply of ice 
cream in their homes. W. C. “Cole. 

Also sec abs. no. 536, 537, 539, 540, 541, 542, 
543. 

MILK AND CREAM 

P. H. TRACY, SECTION EDITOR 

563. One-piece paper container. J. Norden. 
U. S. Patent 2,468,306. 4 claims. Apr. 26, 1949. 
Official Gaz. U. S. Pat. Office, 621, 4: 1152. 
1949. 

A square-shaped paper bottle suitable for hold- 
ing liquids like milk is constructed from one 
long strip of paper which is wound spiral -like 
with the edges overlapping and terminating at 
the mouth or open end. R. Whitaker 

564. Milk can inverting fork truck. T. A. 
Gleason. U. S. Patent 2,468,326. 5 claims. Apr. 
26, 1949. Official Gaz. U. S. Pat. Office, 621, 4: 
1157. 1949 

This attachment for the front of a small truck 
consists of fork-shaped arms which arc employed 
to lift cans of milk upward and then inverting 
same over a tank or other receptacle. . 

R. Whitaker 

565. Fat-free milk. K. G. Weckel. Can. Dairy 
Ice Cream J., 28, 3: 80, 86, 101. Mar., 1949. 

Sec abs. 391, p. A81. 

566. Problems in the operation of city milk 
plants. L. W. Hoyt. Can. Dairy Ice Cream J., 
28, 3: 57,58, UX). Mar., 1949. 

See abs. 235, p. A52. 

Also see abs. no. 522, 523, 536, 544, 569, 571, 
572. 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

567. Reproduction and lactation studies with 
ratf fed natural and purified rations. G. M. 
Maruyama and P. H. Phillips, Univ. of Wiscon- 


sin, Madison. J. Nutrition, 36, 5 : 613-623. 
Nov., 1948. 

The adequacy of a ration consisting of com, 
soybean oil meal, dehydrated alfalfa leaf meal, 
minerals and supplements of most of the known 
vitamins was tested for reproduction and lacta- 
tion in rats in experiment I. The rats were fed 
the basal ration for 3 wk. prior to mating. The 
importance of standardizing these and other fac- 
tors for reproduction and lactation studies is em- 
phasized. Supplementing the diet with 0.5% 
L(+) -lysine and 0.3% DL-methionine improved 
reproduction and lactation, the percentage of rats 
bom that were weaned increasing from 46 to 
72%. When folic acid was omitted from the 
basal ration only 34% of the young bom were 
weaned. 

In experiment II a purified ration consisting 
of sucrose, casein, com oil, minerals and vitamins 
was employed, in addition to the basal ration of 
natural materials used in experiment I. In this 
trial omitting the folic acid from the diets re- 
duced the weaning percentage from 29 to 0 for 
the basal made of natural materials and from 59 
to 10 for the purified. 

Lysine, methionine and folic acid apparently 
are essential for good reproduction and lactation 
in the female rat. R. K. Waugh 

Also see abs. no. 531, 547, 548. 

NUTRITIVE VALUE OF 
DAIRY PRODUCTS 
R. JENNESS, SECTION EDITOR 

568. Research on a growth-promoting factor in 
summer butter. A. Kentie. Netherlands Milk 
Dairy J., 1, 2: 118-127. Apr., 1947. 

The fatty acids of summer butter contain a 
growth-promoting factor for rats. The factor 
can be adsorbed on Fuller’s earth but loses its 
growth-promoting properties upon complete hy- 
drogenation. W. M. Roberts 

569. De voedingswaarde van melk. (Nutritive 
vlaue of milk.) English summary. Chr. En- 
gel. Netherlands Milk Dairy J., 1, 1: 43-56. 
Jan., 1947. 

Data have been collected from recent literature 
about the amino acids, fatty acids, vitamins and 
mineral components of cow’s milk and human 
milk. W. M. Roberts 

Also see abs. no. 521. 

PHYSIOLOGY AND 
ENDOCRINOLOGY 
R. P. REECE, SECTION EDITOR 

570. ^Residual arsenic and strychnine in the tis- 
sues of dmg-treated cattle. W. E. Ham, £. A. 
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Kune and M. E. Ensminger^ State College of 
Washington, Pullman. Am. J. Vet. Research, 10, 
35; 150-153. Apr., 1949. 

Arsenic trioxide and nux vomica were fed in 
the grain ration to groups of cattle for 120 d. in 
1946 and 201 d. in 1947. Average daily intakes 
were 0.357 g. AsjOg and 5.69 g. nux vomica. 
Biopsy and slaughter tissues analyzed at the end 
of the trial showed levels of arsenic approaching 
or exceeding the maximum allowed by Pure Food 
and Drug regulations. Tissues analyzed after 
depletion periods of 20 and 41 d. contained about 
the same amount of arsenic as found in untreated 
control animals. Strychnine was not found in 
the tissues or organs at any of the sampling pe- 
riods. Effects of the drugs upon blood glucose, 
ascorbic acid, carotene, vitamin A, calcium, 
phosphate and cell count were not significant. 

E. W. Swanson 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

571. The fieldman’s role in producing quality 
milk. 11. A. B01.ANU, Galliker Dairy Go., Johns- 
town, Pa. Milk Plant Monthly, 38, 4; 42-45. 
Apr., 1949. 

Analysis of laboratory reports and personal 
contact with producers and fieldmen shows the 
major causes of bacteriological problems in rela- 
tions to the dairy fariji to lae: (a) improper care 
of mechanical coolers, (b) improper care of 
milking machines, (c) confusion as to the proper 
U.SC of washing compounds and chemical steri- 
lizers, (d) failure on the part of fieldmen to 
Hjcate the cause of trouble and (c) fieldmen 
impropeily equipped to do the job. 

Fieldmen must locale trouble spots quickly 
and then insure that the producer possesses the 
necessary tools and is using them properly and 
effectively in erradicating this defect. Also, the 
fieldmen should possess tools which allow him to 
perform his duties with a minimum of guesswork. 
These tools properly used and built into a com- 
pact kit will take much out of the guesswork in 
maintaining clean milk production. 

J. A. Meiser, Jr. 

572. Gleaner dairy equipment. M. C. Jamieson 
and W. G. McLeod. Can. Dairy Ice Cream J., 
28, 4: 27-31. Apr., 1949. 

Results of a new type of sanitary program con- 
ducted among milk producers in Manitoba are 
discussed. The “Seeing is Believing” test (the 
Jamieson Kit) is applicable for producers as well 
as manufacturers. It provides a measure of 
sanitation on the farm and in the plant. The 
program of education conducted in this study has 


proven that producer education in sanitation is 
needed and appreciated and that improvement is 
possible. H. Pyenson 

573. Can washers. H. P. Faust. Can. Dairy 
Ice Cream J., 28, 4: 78-80. Apr., 1949. 

A rotary can washer usually answers the clean- 
ing problem where a rate of four cans a minute 
is adequate and the total number of cans is not 
large.- The increase in labor cost has made the 
.straightway can washers more common. The 
rate of washing cans should be integrated with 
the weighing, cooling and storage of milk. Other 
questions to be considered are: (a) adequacy of 
water supply, (b) hardness of the water, (c) 
boiler capacity for peak loads, (d) adequate size 
of water and steam mains to prevent pressure 
drops when other equipment is operated and (e) 
proper electrical lines and voltage maintenance. 
The prewash rinse should be provided with 
means of raising the water temperature, partic- 
ularly in winter; in the washing positions a large 
volume of water at relative low pressures is neces- 
sary; only a small rinse pump should be neces- 
sary; a small volume of water at a relatively high 
temperature is desirable in the .sterile rinse posi- 
tion; and a limited volume of steam is needed in 
the steam sterilization position. H. Pyenson 

574. Can-washing operation and maintenance. 
C. A. Abele. Can Dairy Ice Cream J., 28, 4: 
82-84, 91). Apr., 1949. 

Provision of a mechanically efficient can- 
washer, charged with an effective washing com- 
pound, does not assume the delivery of com- 
pletely cleaned milk cans at the discharge end of 
the w'ashcr. The third factor essential to .satisfac- 
tory can-washing results is intelligent operation. 
'Fhc most effective mt/nod of determining the 
effectiveness of the nozzle jets is to run a cut-out 
can through the washer, with the side panels 
removed, before the .start or after the clean-up 
following each day’s run. I'he maintenance of 
wa.sh solution concentration is very important. 

H. Pyenson 

575. How polyphosphates improve can washing. 
A. H. Razee. Can. Dair)^ Ice Cream J., 28, 4; 
86-90. Apr., 1949. 

Polyphosphates soften the hardest water, 
thereby preventing the precipitation of detergent 
materials. They also eliminate the formation of 
film and scale on the equipment and on the cans 
being washed. In alkaline solution, the poly- 
phosphates arc specific solvents for denatured 
proteins, such as are found in milkstone. These 
polyphosphates can be used to treat rinse water 
.so that even upon dilution, the rc.sidual alkali 
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will not precipitate. In the field of dairy sanita- 
tion, the polyphosphates have been acclaimed as 
one of the most significant developments in deter- 
gency. H. Pyenson 

576. Chemical sterilizers in the dairy industry. 
C. K. Johns. Can. Dairy Ice Cream J., 28» 3: 
29-31. Mar., 1949. 

The following suggestions are given in regard 
to the use of chemical sterilizers: (a) have equip- 


ment surfaces adequately cleaned, (b) prepare 
sterilizing solution accor^ng to directions, pref- 
erably in hot water, (c) hypochlorite is best ap- 
plied immediately before using the equipment 
(quaternaries may be used following wash-up}, 
(d) hypochlorite solutions above 5 % strength 
are unstable and lose available chlorine and (e) 
crystalline hypochlorite should be kept tightly 
covered, as exposure to the air causes a decrease 
in strength. « H. Pyenson 
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BOOK REVIEW 

577. Condensed milk and milk powder. 7th ed. 
O. F. Hunziker. 583 pp. Published by the 
author, La Grange, 111. 1949. 

This new edition follows the pattern of the pre- 
ceding edition, with the incorporation of an ap- 
preciable amount of new material. The cuts of 
equipment have been brought up-to-date in many 
instances and some of the newer methods of proc- 
essing which have been used in European coun- 
tries are described and illustrated. The chapter 
on “Definitions, Standards and Import Tariffs” 
has been expanded to incorporate recent ma- 
terial. The increased number of pages is due, 
in part, to less crowding on the pages and more 
readable type. The appearance of the new edi- 
tion after only 3 years is evidence of the desire 
of the author to keep this standard textbook 
abreast of the new developments in the field. 

' F. E. Nelson 

ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

578. Effect of infused streptomycin in the mam- 
mary gland. C. R. Smith, W. E. Petersen and 
R. W. Brown, Univ. of Minnesota, Minneapolis. 
Proc. Soc. Exptl. Biol. Med., 68, 1: 216. May, 
1948. 

Five grade Holstcin-Friesian cows and one 
grade Togenberg goat were employed. All ani- 
mals were lactating normally and free of disease 
during the experiment. The cup-plate method 
of assay, as adapted to measurement of anti- 
biotics in milk, was used for determining the con- 
centration of streptomycin in the milk samples. 
Milk samples for assay purposes were obtained by 
milking out the quarter completely. Strepto- 
mycin could be detected in milk samples as long 
as 48 hr. after the infusion of 100,000 to 500,000 
units/quarter and concentration did not fall be- 
low 20 units/ml. in any of the samples after a 
24-hr. interval. Concentration was found to vary 
with dose, interval between infusion and sampl- 


ing, and milk production. At no time was it 
possible to detect streptomycin in the blood. 
However, in both the cow and goat, significant 
amounts were found in urine samples as long as 
27 hr. following infusion. The pH, chlorides, 
cell count and clinical inspection showed that 
streptomycin was relatively non-toxic when in- 
fused into the normal bovine mammary gland. 

R. P. Reece 

579. Comparison of New Jersey and Palestine 
strains of bovine leptospira. H. Bernkopf and 
R. B. Little. Rockefeller Inst. Med. Research, 
Princeton, N. J. Proc. Soc. Exptl. Biol. Med., 
69, 3: 503-506. Dec., 1948. 

A study was made of strains of leptospira re- 
covered from an outbreak of leptospirosis among 
cattle in New Jersey and a strain isolated from an 
outbreak of the disease in Palestine. In agglu- 
tination and lysis tests on sera from recovered cat- 
tle as well as sera from immunized rabbits, all 
the New Jersey strains reacted alike, w'hile the 
Palestine strain belonged to another serological 
group. R. P. Recce 

580. Brucellosb: Contralor sanitario de los ali- 
mentos. (Brucellosis: Sanitary Control of 
Foods.) £. PiERANGELi. Rcv. asoc. argentina 
dictol., 5, 50: 281-284. Oct., Nov., Dec., 1947. 

Direct and indirect transmission of the disease 
is discussed. The author states that contraction 
of the disease from the bites of infected mos- 
quitoes has been demonstrated experimentally in 
Macaus simiens, using infected Stegomia fasciata 
and Culex pipiens. 

According to Dr. Molinelli and coworkers’ re- 
port on a large slaughterhouse in Buenos Aires, 
sacrificing some 4,800 cows, 3,000 sheep and 2,500 
hogs, scrum agglutination tests were positive in 
6.67 and 4.48% of the hogs and cows, respec- 
tively, with no positive tests in the sheep. Of the 
2,000 employees, 7 of the 18 medical veterinarians 
had the disea.se (of the infected, 1 worked with 
cows and the rest with hogs, one of the latter 
succumbing); 14 (6 of whom worked with cows 
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and the rest with hogs and other animals} of the 
52 assistant veterinary inspectors had the disease. 
In the rest of the employees, 53, or 3.02%, had 
brucellosis. In the city of Buenos Aires, 19.44% 
of the raw and 2.77% of the pasteurized milk 
contained Brucella abortus, according to the Lab. 
of Bacteriology, Dept of Agr. 

Survival periods for the organism are discussed. 
Recommendations for the control of milk and 
milk products were made, including an official 
control of pasteurization, which has not been ade- 
quate, as shown by the presence of brucella in 
pasteurized milk. Compulsory testing of herds 
for Bang’s disease was not mentioned. 

L. S. Olsen 

581. Effect of gonadal hormones on experi- 
mental infection of rats with Brucella abortus. 
L. H. PuoH. N. J. Agr. Expt. Sta., New Bruns- 
wick. Proc. Soc. Exptl. Biol. Med., 68, 3: 591- 
592. July-Aug., 1948. 

One-half of 15 immature intact male rats and 
22 immature intact female rats were injected 
subcutaneously with 2.5 mg. of testosterone pro- 
pionate 6 hr. before infection. All of the rats 
were infected with 3,800 million Brucella abortus 
organisms via the intraperitoneal route. After 
5 d. the mortality rate of the non-injccted ani- 
mals was 100%; injected males, 87.5%; and in- 
jected females, 63.6%. It was concluded that 
testosterone propionate signihcantly increased the 
resistance of rats to experimental B. abortus in- 
fection. R. P. Reece 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

582. Expansion Seen for Cottage Cheese. 
Anonymous. Milk Plant Monthly, 38, 5f SCl-Sl, 
43. May, 1949. 

In the past 10 yr. the national per capita con- 
sumption of cottage cheese has risen from 0.33 
lb. to 2 lb. With this increased consumption 
there appeared a nomenclature for the types of 
cottage cheese so confusing that attempts were 
made to classify the varied forms. The follow- 
ing six categories were proposed; (a) medium 
sized curd lightly creamed, (b) medium and 
laige curds heavily creamed, (c) small curd 
heavily creamed, (d) small curds heavily creamed 
with free cream showing on the bottom of the 
container, (e) small curds floating in added 
cream, and (f) very fine curds creamed to ap- 
proach the texture of cream cheese. Although 
these varied types have added confusion to our 
nomenclature they have aided in increasing con- 
sumption of the product due to varied local and 


regional tastes. J. A. Meiser, Jr. 

Also see abs. no. 614, 615. 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

583. Dehydrated Animal Products. 2. Dried 
Milk. J. A. Pearce, Natl. Research Lab., Ot- 
tawa, Can. Food in Canada, 8, 4: 14-18. Aug., 
1948. 

Methods of manufacturing dried milks are de- 
scribed and current research being conducted by 
the National Research Lab. is reviewed. The 
effect of such factors upon quality as promptness 
of cooling the powder, exposure to light, storage 
temperature, gas storage and compressing the 
powder into blocks is dealt with. 

O. R. Irvine 

584. Dehydrated Animal Products. 3. Milk 
Products. J. A. Pearce, Natl. Research Lab., Ot- 
tawa, Can. Food in Canada, 8, 10: 14-17, Oct., 
1948. 

A brief description is given of a dried milk- 
shake mix having the following composition: fat, 
14%; protein, 31%; carbohydrate, 46%; ash, 
6.9%; and moisture, 2.5%. This was made en- 
tirely from milk products. Attempts to combine 
egg products in the mix resulted in unsatisfactory 
flavors when stored. Results in terms of cake 
volume and foaming volume arc given where the 
German products “Milci G” and “Milci W”, 
made from milk, were compared to fresh eggs, 
sugar-egg powder and plain egg powder. In both 
respects the German egg substitutes were much 
inferior. Investigations were made on methods 
of drying whey and on the baking properties of 
whey powder. The results indicate the possi- 
bilities of using this product in baked goods, al- 
though strong odors and flavors are a problem. 
These were somewhat reduced by neutralizing the 
whey prior to condensing and drying. 

O. R. Irvine 

585. Proeess of Making Whey Food Products. 
R. E. Meade and J. M. Strinokam (assignors to 
Western Condensing Co.). U. S. Patent 2,465,- 
905. 6 claims. March 29, 1949. Official Gaz. 
U. S. Pat. Office, 620, 5: 1524. 1949. 

A firm plastic mass or gel, suitable for animal* 
or poultry feeding, is made by fermentiitg pasteur- 
ized whey with propionic and lactic add type 
organisms, blending with partially delactosed 
whey, heating to at least ISO** F. and concentrat- 
ing to form a final product containing from 40 
to 60% solids. R. Whitaker 
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586« Method of Making Novel Products from 
Whey. R. E. Meade and P. D. ClarYj Jr. (as- 
signors to Western Condensing Go.). U. S. Pat- 
ent 2,465,906. 5 claims. Mar. 29, 1949. Official 
Gaz. U. S. Pat. Office, 620, 5: 1524. 1949. 

The browming and staling of dried whey is pre- 
vented by passing the liquid whey prior to drying 
through resinous decationizing and deacidifying 
agents to reduce the ash content and such protein 
decomposition products as peptides and amino 
acids. R. Whitaker 

587. Method of Making Lacteal Food Products. 
R. E. Meade and P. D. Clary, Jr. (assignors to 
Western Condensing Co.). U. S. Patent 2,465,- 
907. 5 claims. March 29, 1949. Official Gaz. 
U. S. Pat. Office, 620, 5: 1524. 1949. 

A powdered infant food made from cow’s milk 
and having the average composition of breast 
milk when diluted, is made by drying heat treated 
cream with the liquid whey powder described in 
Abstract 586 (Pat. 2,465,906). R. Whitaker 

588. Preparation of Dried Protein Products. 
E. W. Hopkins (assigned to Armour and Co.). 
U. S. Patent 2,465,875, 5 claims. Mar. 29, 1949. 
Official Gaz. U. S. Pat. Office, 620, 5: 1517. 
1949. 

Acidic proteinaceous materials such as fer- 
mented milk, whey, eggs and the like are neutral- 
ized to pi I 5.65 to 6.5 with a non-volatiic alkali, 
such as NallCOg, then to pH 7,0 to 8.5 with a 
volatile alkali, such as NII 3 , and then dried. 
The pH of the reconstituted product is close to 
the neutral point. R. Whitaker. 

589. Method of .sealing empty cans. P. T. Lem- 
.MEL (as.signor to the Borden Co.). U, S, Patent 
2,471,332. 2 claims. May 24, 1949. U. S. Pat. 
Office, 622, 4: 1212. 1949. 

The vent hole in evaporated milk cans is 
plugged with a waxy material until ready for fill- 
ing to keep the interior of the can clean and to 
prevent corrosion of the unplated vent hole edges. 

R. Wliitaker 

590. Frozen Concentrated Milk. C. D. Col- 
vard, Catawba Dairy, Inc., Hickory, N. C. and 
W. M. Roberts, N. C. State College, Raleigh. 
Milk Dealer 38, 7: 46, 100-106. Apr., 1949. 

The following conclusions are drawn concerning 
the processing and storage of frozen milk: (a) 
Milk concentrated to a ratio of 3 : 1 was success- 
fully stored at - 12® for 20 wk. (b) The addition 
of 0.20% sodium citrate, 0.075% sodium hexame- 
taphosphate or chocolate syrup prolonged the 


period of storage at 0° F. (c) Storage of frozen 
concentrated milk at - 12® F. was more effective 
in preventing protein flocculation than at 0 or 
10® F. (d) Samples stored at - 12® F. retained 
their flavor for a longer period of time than those 
stored at 0 and 10° F. (e) Although the addition 
of either 0.20% sodium citrate or 0.075% sodium 
hexametaphosphate retarded protein flocculation, 
these quantities were sufficient to produce a salty 
flavor, (f) Concentrated milk to which chocolate 
syrup had been added maintained flavor and 
protein stability for 11 wk. or for 8 wk. longer 
than the control when stored at 0° F, (g) Fat 
de-emulsification was not a serious defect in milk 
concentrated to a 3 ; 1 ratio and frozen statically, 
(h) A gravimetric method, which appears to be 
more satisfactory than the volumetric method, 
was developed for measuring protein stability. 

G. J. Babcock 

Also see abs. no. 577, 599. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

591. Isolation of Brucella from Apparently 
Healthy Individuals. L. V. McVay, F. Guthrie, 

I. D. Michelson and D. H. Sprunt, Univ. of 
Tennessee, Memphis. Proc. Soc. Exptl. Biol. 
Med., 69, 3 : 607-608. Dec., 1948. 

Enlarged pro.states and fibrosed fallopain tubes 
were cultured for brucella since they are known 
to multiply in macrophage^s and fibroblasts. 
Thirty-four prostates were cultured and from 
these cultures Brucella abortus were isolated in 
two instances and Brucella melitcnsis in one. 
Forty-three fallopian tubes were cultured and 
from one of these B. melitcnsis was i.solated. In 
all four cases there was a history of country life, 
contact with cows and other farm animals, con- 
sumption of raw milk and a clinical record of 
illness compatible with brucellosis. Blood ag- 
glutinins for brucella were absent in all four 
cases; however, their skin gave strongly positive 
reactions with brucella antigen. R. P. Reece 

592. Electron Microscope Studies of Bacterio- 
phage Active Against Streptococcus lactis. G. 
E. Parmelee, P. H. Carr and F. E. Nelson, 

J. Bact., 57, 4: 391-397. Apr., 1949. 

Here arc presented 16 excellent reproductions 
of electron micrographs of gold-shadowed speci- 
mens. Details of preparation arc given. Normal 
cells of Streptococcus lactis are shown, with and 
without the presence of phage particles. The 
particles are sperm-shaped, 220 m/x long, with 
a head diameter of 70 m^ and a tail 30 m/x 
wide and 150 m/x long. Two strains of phage 
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from New Zealand, four from England, one from 
Canada and two isolated at the Iowa Agr. Expt. 
Station are indistinguisablc with respect to shape 
and size. 

The bacterial cells in the presence of homo- 
logous phage tend to become elongated and to 
burst. Possible stages in the process of lysis are 
indicated. D. P. Click 

593. A Stndy of Boric Acid Media for the Sepa- 
ration of Esc^richia and Aerobacter. G. F. Poe 
AND L. W. Charkey, Univ. of Colorado, Boulder. 
J. Bact., 57, 3; 386-387. Mar., 1949. 

Boric acid in culture media showed greater 
inhibition toward strains of Aerobacter than 
toward strains of Escherichia, However, because 
of overlapping results secured from individual 
strains of each genus, boric acid media are not 
suitable as differential media for the two genera. 

D. P. Click 

594. The Fermentation of Alpha-methylgluco- 
side. Dorothea E. Klemme and G. F. Poe. 
Univ. of Colorado, Boulder. J. Bact., 57, 3: 384- 
385. Mar., 1949. 

Alpha-methylglucoside is fermented about 
equally by gas-producing strains of Escherichia 
coll and by strains of Aerobacter aerogenes. Gas- 
forming straias of E. coli produced more acetic, 
formic, lactic and succinic acids than did the non- 
gas-forming strains; c. g.. the gas-fonning strains 
produced 12 mg, of formic acid /g. of glucosidc 
as compared with 1 .6 mg. for the non-gas-formers. 

D. P. Click 

595. The Action of Phenol-Bile Media on the 
Genera Escherichia and Aerobacter. G. F. Poe 
AND Ruby J. O’Kelly, Univ, of Colorado, Boul- 
der. J. Bact., 57, 3: 385-386, Mar., 1949. 

Solid media containing bile and phenol did not 
serve to differentiate between Escherichia and 
Aerobacter species. However, these cultures were 
not inhibited by media containing as much as 
11% bile and 0.1% phenol, whereas sporeforming 
lactose-positive aerobes were inhibited by 5% 
bile and 0.05% phenol Several anaerobes grew 
well in media containing 15% bile and 0.2% 
phenol. D. P. Click 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

596. Oxidized Flavor in Milk and Cream. T. 
L. FoATEit, Univ. of Manitoba, Winnipeg. Milk 
Plant Monthly, 38, 5: 28-29, 37. May, 1949. 


The relation of Cu contamination, ascorbic 
acid, dissolved oxygen, bacterial growth, homo- 
genization and pasteurization temperature to oxi- 
dized flavor are discussed. A discussion of the 
value of certain antioxidants in retarding this 
off-flavor is also included. J. A. Meiser, Jr. 

597. Method of Forming Protein Compositions. 
J. R. Calhoun and T. M. Buzzo (assignors to 
The Borden Co.). U. S. Patent 2,469,546. 12 
claims. May 10, 1949. Official Gaz. U. S. Pat. 
Office, 622, 2: 463. 1949. 

Casein, free from air bubbles, is prepared by 
applying about 25 in. of vaccum for 30 min. to 
a casein suspension in water, then adding caustic 
soda and gradually heating to HO*’ F. to dissolve 
the casein. R. Whitaker 

DAIRY ENGINEERING 

A. W. FARRELL, SECTION EDITOR 

598. Mechanical Can Washing. C. B. Shoc- 
REN, Klenzadc Products, Inc., Beloit, Wis. Milk 
Dealer 38, 7: 76-78. Apr., 1949. 

A method is outlined for using acid to remove 
lime deposits from straightUnc can washers. The 
alternate use of acid and alkaline detergents is 
recommended for best can wasliing results, A 
few simple rules are given which .should be 
observed in operating any type of straightline can 
washer. C. J. Babcock 

599. Spray Drier Apparatus. J. M. Hall (as- 
signor to Drying and Concentrating Co.). U. S. 
Patent 2,469,553. 8 claims. May 10, 1949. Of- 
ficial Gaz. U. S. Pat. Office, 622, 2: 464. 1949. 

A cone shaped spray drier, suitable for dehy- 
drating milk and other products, is so shaped and 
arranged that heated air fed in the top spirals 
downward to fan blades which reverse the air 
flow, causing it to flow upward in the center, 
where it is discharged and may be collected, re- 
heated and again circulated. The liquid product 
is atomized by a centrifugal wheel and the dried 
product removed from the bottom of the cone. 
The air is heated in the upper portion of the 
chamber. R. Whitaker 

600. Scraper for Freezing Apparatus. C. 
Erickson and £. Spellman. U. S. Patent 2,-' 
470,691. 8 claims. May 17, 1949. Official Gaz. 
U. S. Pat. Office, 622, 3: 900. 1949. 

A scraper assembly for an ice cream freezer 
which provides for two easily detachable blades 
pivoted on a rotating member attached to a 
central riiaft is described. R. Whitaker 
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601. The Use of Ultrasonic Energy in Agricul- 
ture. L. £. Campbell and L. G. Schoenleber, 
USDA, Beltsville, Md. Agr. Eng. 30, 5: 239-41. 
May, 1949. 

Ultrasonics refers to sound radiations above 
the normal audible limit and is differentiated 
from “supersonics” which denotes velocities 
greater than the speed of sound in air. Ul- 
trasonics range in frequencies from 20,000 cycles 
to about 10,000 megacyclcs/scc. Ultrasonic 
waves are generated by siren-type generators, 
magnetostriction generators and the piezoelectric 
generator. 

Preliminary investigations have been made to 
determine possible practical applications to agri- 
culture. Some of these wxre concerned with 
stimulation of seeds and tubers, killing of the 
codling moth, bactericidal treatments, production 
of emulsions and suspensions and the homogeniza- 
tion of milk. The latter is among nine holds 
suggested for immediate investigation. 

H. L. Mitten, Jr. 

602. Practical ammonia refrigeration. C. H. 
Minster, Greenbrier Dairy Prod. Co., Becklcy, 
W. Va. Ice Cream Rev., 32, 10; 46, 48, 52, 54. 
May, 1949. 

The advantages and disadvantages of direct 
expansion, brine and sweet water refrigeration 
systems arc discussed. It was calculated that a 
7x7 in. compressor 'Would be required to cool 
1,000 gal. of milk from 85 to 38° F./hr. using 
direct expansion, whereas a 5 x 5 in. compressor 
could handle this same load if sweet water with 
an ice bank was used. A method is suggested for 
calculating the size of ice system necessary for 
u.se with sweet water. Ilold-ovcr icc bank systems 
may be purchased commercially, or the unit may 
be con.structed. If they are to be constructed, 
certain points which should be observed if the 
system is to operate efficiently arc discussed. 

W. J. Caulfield 

603. Basic Principles of Piping (a Review of 
Fundamentals). H. Vetter, Consulting Eng., 
Los Angeles, Calif. Heating, Piping Air Condi- 
tioning, 21, 5: 87-90. May, 1949. 

This article concerns refrigerant piping, which 
can be divided into liquid line between condenser 
and evaporator, low pressure vapor piping be- 
tween evaporator and compressor, and the high 
pressure vapor piping bctw'ccn compressor and 
condenser. 

Efficiency of a compre.ssor is affected by pres- 
sure drop between evaporator and compressor and 
between the compressor and condenser. Va- 
por has its highest density at saturation and 


should enter the compressor near saturation. 
Pressure drop represents power loss due to 
friction and friction causes superheat. The 
larger the pipe line to the compressor the less the 
friction and the higher the compressor efficiency. 

Condenser types discussed are atmospheric, 
double pipe, horizontal shell and tube, vertical 
shell and tube, and evaporative. Evaporators 
are discussed briefly. 

Low^ pressure vapor piping is the most impor- 
tant section in the system. Liquid refrigerant 
carried out of the evaporator in wet vapor is a 
definite loss. Low' pressure vapor piping should 
slope back to the evaporator to return as much 
as pos.sible of the liquid carried over during 
sudden load variations. If adequate vaporizing 
space has not be.cn provided in the evaporator, a 
separator should be installed. 

High pressure vapor lines carry superheated 
vapor and may, therefore, be level. When they 
nm through low temperature air, they should 
slope toward the condenser. All vapor piping, 
high or low pressure, should be arranged to avoid 
traps w'herc oil or liquid refrigerant can collect. 

H. L. Mitten, Jr. 

604. Fuels and Firing. Part 2. P. Swain, L. 
Rowley, J. McCabf and B. Skrotzki, McGraw 
Hill Pub. Co., N. Y. Operating Engineer, 2, 5; 
19-34. May, 1949. 

'Phis article describes firing equipment used 
with small and medium boilers. It is w'ell illus- 
trated to show' the operation of such devices as 
atmospheric gas burners, low pressure gas 
burners, air and steam atomizers for oil, rotary 
cup gas-and-oil burners, overfeed stokers for coal, 
and many others. 

Gas comes ready to burn if properly mixed with 
air. Yellow flames indicate “cracking” which 
means that the hydrogen portion of the gas is 
burned first and the carbon is freed. Increase 
of primary air w ill cause an increase in gas com- 
bustion with a shorter flame free from yellow 
color. 

Oil burnci*s must prepare the fuel for burning 
since a liquid burns only as a gas. The oil burner 
may vaporize the fuel oil or atomize it. Vaporiz- 
ing burners arc limited in the range of fuel they 
can handle. Atomizing burners break the oil into 
a fine mist by using steam or air under pressure, 
by forcing oil under pressure through a nozzle, or 
by use of centrifugal force. Oil burner design 
must be such that oil is fired in a fine mist and 
that yellow flames do not impinge on water- 
cooled surfaces. 

Coal stokers, grates, spreaders and furnaces are 
discussed in detail. H. L. Mitten, Jr. 
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605. How to Service Package Boilers. K. 
Steiner, C. HofFberger Co., Baltimore, Md. 
Heating, Piping Air Conditioning, 21, 5: 83-86. 
May, 1949. 

Package boilers combine boiler, burner and 
mechanical draft system into a single piece of 
equipment. They are made for the automatic 
burning of gas or oil. They require a minimum 
of headroom and need only a smooth concrete 
slab for a foundation. Package boilers are rated 
according to their greatest possible output and have 
little or no reserve as do conventional boilers. 
Because of this they must be selected on the basis 
of a generously estimated load, pickup and radia- 
tion loss, and future expansion needs. 

Since burners generally arc connected at the 
factory, held installations require only connection 
of fuel lines, water make up lines, condensate 
feed lines, steam line, blow-down pipe and elec- 
trical lines. After the boiler is installed and ready 
to start, it should be checked and tested before 
being placed into service. Checks should include 
ignition and flames and stack temperature. Nor- 
mal loads may run exit gases between 500 and 
600°. Heavy loads may cause the temperature 
to be above 600°. Temperatures higher than 
normal for a given load condition indicate the 
flame is too long, or the tubes are sooted or the 
baffles between the passes are leaking. Procedure 
for adjustment of fire varies with the type of unit 
and burner. Other maintenance items to be 
observed are treatment of feed water, periodic 
internal inspection, cleaning of oil heaters and 
the checking of all safety controls. 

H. L. Mitten, Jr. 

606. Know Feedwater-Treating Costs Before 
You Buy. V. J. Cause, Liquid Conditioning 
Corp., Linden, N. J. Power, 96, 6: 100-4. June, 
1949. 

Items which make up the yearly cost of operat- 
ing feedwater-conditioning equipment are initial 
investment for equipment and erection (usually 
amortized over a 5 to 15 yr. period), cost of 
chemicals required, cost of labor for qperating 
the treatment plant, maintenance costs, and cost 
of fuel for unrecovered heat in waste blowolT or 
cooling water. After fuel cost, cost of chemicals 
is highest. Chemical cost can be reduced by ap- 
plication of chemical and mechanical skill. 

The treating process and equipment selected 
must produce an effluent feedwater that will 
eliminate the common problems caused by the 
presence of dissolved mineral impurities, problems 
such as scale formation, corrosion of boiler drum 
and tubes, silica deposits, corrosion of condensate 
return linear carry-over of solids into stream and 


embrittiment of boiler drum and tubes. 

The methods for treating raw make-up water 
are discussed. Zeolite and hot-process softening 
are reviewed. Chemical equations arc given for 
the common reactions in water treating. Tables 
presented compare chemicals as related to effect 
on hardness, impurities after treatment, analysis 
of effluents and cost of chemicals. 

H. L. Mitten, Jr. 

607. A dynamometer for Determining Depth of 
Freezing in Foods. H. Tessier, Natl. Research 
Lab., Ottawa, Can. Can. J. Research, 27F, 2: 
47-48. Feb., 1949. 

A hand operated dynamometer, designed to 
determine depth of freezing in frozen foods, such 
as meat, poultry and eggs, measures the force 
required to drive a pointed rod through a sample 
of the product. Readings are indicated on a pres- 
sure gauge and may vary from 0 to 160 lb. 

O. R. Irvine 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

608. Balance Your Business As Well As Your 
Books. F. Merish. Milk Plant Monthly, 38, 6: 
50-53. June, 1949. 

Although the balancing of books is an essential 
item to any plant owner, the results should not 
indicate a mathematical balance where debits 
equal credits but should indicate certain funda- 
mental business ratios. These ratios are (a) 
current assets to current liabilities, (b) liabilities 
to net worth, (c) net worth to fixed assets, (d) 
net sales to net worth, (c) net profit to net worth, 
(f) fixed assets to current assets, (g) net profit to 
total assets, (h) net sales to receivables, (i) net 
profit, to sales and (j) cash and receivables to 
current liabilities. Since ratios are the best yard- 
sticks for measuring managerial efficiency, their 
use will show whether one is maintaining the 
proper balance between the operating and finan- 
cial elements in business. J. A. Meiser, Jr. 

609. Are Your Depreciatioii Reserves in the 
Safety Zone? A. C. Kiechlin, Public Account- 
ant. Ice Cream Rev., 32, 10: 108, 110, 112, 114, 
116. May, 1949. 

Due to increased construction and equipment 
costs, depreciation reserves are apt to be inade- 
quate to cover replacement costs when needed. 
Plants are urged to take immediate steps to cor- 
rect inadequate depreciation reserves fay settitig 
up a qsecial account under the name ''Reserve 
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for increased cost of replacement*’. Such an 
account will cushion the increased replacement or 
construction costs when encountered. 

In purchasing new equipment, depreciation 
rates should be set carefully and watched to de- 
termine whether any adjustments are necessary. 
Increased deductions on income tax returns may 
be allowable if they can be justified. A com- 
plete set of records on each unit or group of 
similar units of equipment should be kept as an 
intelligent means of setting up depreciation rates 
and in justifying changes in the rate of deprecia- 
tion if necessary. 

The straight line method of computing de- 
preciation is recommended as the simplest to 
compute and the one preferred by the Treasury 
Department for income tax purposes. In this 
method, the estimated salvage value of the equip- 
ment is deducted from its original cost and the 
difference written off at a uniform rate each 
year during the estimated useful life of the equip- 
ment. 

Increased chaiges for depreciation or con- 
struction necessitated under present economic 
conditions should be considered as a part of the 
production cost. This added cost, therefore, 
should be reflected in the selling price of the pro- 
duct so that all customers will pay their share of 
this expense. Too many plants are now absorb- 
ing this cost without knowing it because of inade- 
quate depreciation reserves. W. J. Caulfield 

610. Delivery Cost Control. A. £. Friedgen, 
A. E. Fricdgcn, Inc., New York City. Milk 
Dealer, 38, 7: 42--13. Apr., 1949. 

Efficient maintenance and effective cost control 
can be attained only by the use of detailed cost 
reports for each individual truck. The average 
“cost per mile” for fleet is a poor yardstick of 
route-truck efficiency. A chart is presented which 
shows the operating cost per mile of 28 fleets 
varying in size from 11 to 131 trucks. The aver- 
age cost ranges from about 14 cents for a fleet of 
35 trucks to 3.9/mile for a fleet of 23 trucks. 
The 35 trucks averaged 27 miles/d., with an 
individual route mileage varying from 23 to 60 
miles. The 23 trucks average 84 miles/d. with 
an individual route mileage varying from 12 to 
130 miles. These mileage variations also mean a 
variation in the cost/mile for the individual 
trucks in the fleet. Therefore, the cost/mile for 
the entire fleet is practically useless as a means 
of securing lower cost and efficiency for individual 
trucks. C. J. Babcock 

611. Two Studies of Milk IMitrilmtion Costs 
and Pirofits in tlw New York Maiket L. Spen- 


cer, Cornell University. Milk Dealer 38, 7: 50, 
132-142. Apr., 1949. 

An Economic Study of the Operations of Six 
Leading Milk Companies in the New York-New 
Jersey Metropolitan Area, 1941-4B, directed by 
the author is compared with An Analysis of the 
Spread Between Farm and Consumer Milk Prices 
in New York City Under Present Practices, 1948. 
The latter analysis was sponsored by the State 
Temporary Comm, of Agr. and directed by Dr. 
C. E. Young, Dean of the Graduate School of 
Purdue Univ. Findings of the two studies as to 
unit costs for various products are not directly 
comparable because of the difference in time and 
the marked changes in prices, wages and other 
cost factors between 1944 and 1948. The two 
reports arc, however, in complete agreement that 
significant reductions in the spread between the 
prices paid by consumers and the prices received 
by farmers can be achieved only by reducing the 
cost of marketing services. C. J. Babcock 

612. Work Simplifleation in the Ice Cream 
Plant. R. A. Baer, Bowman Dairy Co., Chicago, 
111. Ice Cream Rev., 32, 10: 122, 124, 126, 128. 
May, 1949. 

Work simplification has for its objective the 
production of a better product at a lower cost. 
At the same time, such a program should in- 
crease the satisfaction of the workers in the jobs 
they are doing. It is designed to eliminate waste 
steps or operations which contribute nothing to 
the accomplishment of the job. 

The five basic steps involved in work simplifica- 
tion are: (a) Select the job to be improved, 
(b) Prepare a flow process chart. This involves 
breaking the job down into its component parts 
and making an exact record of every detail of 
the job under study in the order in which each 
occurs, (c) Analyze and question each step in 
the operation to determine whether it contributes 
anything to the accomplishment of the job. Each 
non-essential operation should be eliminated, 
(d) Develop a better method. Once the non- 
essential operations have been eliminated, then 
a new sequence of operations must be developed 
so that each will contribute directly to the accom- 
plishment of the job. (e) The final step is to 
apply the new method which has been developed. 
This involves the human element and necessitates 
securing the active cooperation and participation 
of those involved with the job. 

The ideas of the employees throughout the 
organization are invaluable and should be ob- 
tained, otherwise a vast fund of ideas is being 
wasted. When employees are approached for 
suggestions and ideas and given suitable recogni- 
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tion for their contributions, their active participa* 
tion in the program usually is assured. 

Work simplification offers a means of gaining 
a competitive advantage by producing a better 
product at a lower cost. W. J. Caulfield 

613. Building Business Widi Sales Contests. F. 
Merxsh. Milk Plant Monthly, 38, 5: 34, 36-37. 
May, 1949. 

Factors to be considered in planning and con- 
ducting a successful sales contest are purpose, 
scoring, quotas, awards and dramatization of the 
contest. These items, coupled with a well worked 
out plan for maintaining interest, will do much 
in fostering any contest. J. A. Meiser, Jr. 

614. Baseball Contest Spurs Cottage Cheese 
Sales. T. Knight. Milk Plant Monthly, 38, 6*. 
63-64. June, 1949. 

Routemen are divided into 2 teams and each 
man assigned a ball. For each carton of cottage 
cheese sold, each player receives 5 points. When 
a total of 400 points is scored by a routeman, he 
receives credit for a home run and the contest is 
renewed. At the end of 6 wk. the winning team 
is given an evening of free entertainment. To 
obtain new customers, a bonus of <$2.00 for each 
new customer over 3 during a 1 mo. period is 
given. This plan may be used year-round but 
must be tied up with the current popular sport. 

J. A. Meiser, Jr. 

615. A Cottage Cheese Drive. H. Flagg. Milk 
Plant Monthly, 38, 5; 76. May, 1949. 

For every pound of cottage cheese sold, one 
cent is placed in a kitty which is split at the end 
of the contest, 75% going to the top routeman 
and 25% going to the runner-up. Although the 
contest provides little cash gain to the partici- 
pants, it does produce enthusiasm for increasing 
sales. J. A. Meiser, Jr. 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

616. The Nutritive Value of Nitrogenous Com- 
pounds for Ruminants. 1. The Nutritive Value 
of Urea as a Protein Supplement C. J. Watson, 
J. W. Kennedy, W. M. DAvmsoN, C. H. Robin- 
son AND G. W. Mum, Dept, of Agr., Ottawa, 
Gan. Sci. Agr., 29, 4: 173-184. Apr., 1949. 

The value of urea as a source of *)>rotein for 
ruminants was investigated by means of feeding 
and daughter trials with 30 head of beef calves 


and 60 lambs over a 40 to 50 wk. trial feeding 
period. 

In the case of the calves, those on the low- 
protein basal ration made small live weight gains, 
showed practically no deposition of protein or 
ash, but did show some increase in fat. Those 
receiving urea made relatively good gains in live 
weight and body nutrients. Those receiving the 
casein (positive control) made appreciably better 
gains in live weight, body protein and ash than 
those receiving the urea. The gains in body fat 
were of similar order for both urea and casein. 

The gains in total weight of carcasses, and gains 
in weight of protein, ash and water were greater 
for those receiving casein than for those receiving 
urea. 

The section of the experiment dealing with 
sheep, while confirming the above results, did not 
allow drawing conclusions regarding urea, since 
the sheep failed to consume much of the ration 
in excess of their maintenance requirement. 

O. R. Irvine 

617. The Nutritive Value of Nitrogenous Com- 
pounds for Ruminants. 11. The Formation of 
Body Nitrogen from Urea Labeled with the Iso- 
tope N^®. C. J. Watson, W, M. Davidson and 
J. W. Kennedy, Dept. Agr., Ottawa, Can. Sci. 
Agr., 29, 4: 185-188. Apr., 1949. 

To determine whether urea was actually 
metabolized by ruminants, sheep on a low protein 
basal ration were given gelatine capsules contain- 
ing urea. In the case of one group, the urea 
nitrogen was 30% N‘®. After 4 d. feeding and 
the administration of 10 to 12 g. of urea the 
animals were killed and the blood, liver and kid- 
ney proteins separated from the non-protein 
nitrogen by trichloracetic acid. Nitrogen gas re- 
covered from the protein was analyzed for its N>* 
isotope concentration by the Washington Bur. of 
Standards mass spectrometer. Results indicated 
that those proteins contained N^^ in excess of 
normal abundance and it is concluded that nitro- 
gen urea is utilized by ruminants in the formation 
of body proteins. O. R. Irvine 

618. The Nutritive Value of Nitrogenous Com- 
pounds for Ruminants. III. Synthesis of Urea 
Containing N^*. L. C. Lettch and W. M. David- 
son, Natl. Research Lab., Ottawa, Gan. Sci. 
Agr., 29, 4: 189-190. Apr., 1949. 

A description is given of the methods and 
equipment used in synthesizing urea from di- 
phenyl carbonate and ammomum nitrate. The 
ammonium nitrate contained 32 atom per cent 
excess N^” when purchased. O. R. Irvine 
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HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

619. Seeing is Believing at a Mechanical Milker 
Clinic. P. R. Ellsworth, Ohio State Univ., 
Columbus. Milk Plant Monthly, 38, 6: 80-82. 
June, 1949. 

Producers bring in their own milking machines 
for inspection, cleaning and replacement of worn 
parts. The machines arc placed on a “wash line'* 
and each owner follows his milker watching the 
cleaning and adjusting operations as they take 
place. This clinic aids heldmen in the fight for 
clean milk from clean utensils, provides a 
thorough cleaning since cleaners, brushes and 
plenty of hot water is available, enables dairy 
specialists not representing commercial organiza- 
tions to contact producers, replaces faulty parts 
and enables producers to talk over mutual prob- 
lems. J. A. Meiscr, Jr. 

620. Machine Milking Plant. E. G. Redin and 
K. E. Olander (assignors to Aktiebolaget Ma- 
nus). U. S. Patent 2,469,519. 6 claims. May 
10, 1949. Official Gaz. U. S. Pat. Office, 622, 2: 
456. 1949. 

Several carriages, each carrying a manifold, 4 
teat cups and connecting hoses, travel along a 
rail over the cows in a milking bam. A per- 
manent vacuum line and a sanitary milk line ad- 
jacent to the rail, provide suction for the opera- 
tion of the milking unit and a means of removing 
the milk to a collecting tank. Attachments are 
provided at each stall for connecting the milker to 
the suction and milk lines. R. Whitaker 

621. Mechanical Milking Apparatus. C. G. 
llowsE. U. S. Patent 2,470,169. 9 claims. May 
17, 1949. Official Gaz. U. S. Pat. Office, 622, 3: 
767. 1949. 

Two rubber hoses, one for supplying vacuum 
and one for conducting the milk, are attached to 
this milking machine teat cup. The cup is oper- 
ated by the pulsations of the vacuum pr^uced in 
a spring-loaded valve arrangement adjacent to the 
cup. R. Whitaker 

622. Refrigerated Milker Pail. T. J. Pfetcher. 
U. S. Patent 2,470,520. 4 claims. May 17, 1949. 
Official Gaz. U. S. Pat. Office, 622, 3: 855. 1949. 

This milk pail, suitable for collecting the milk 
delivered by a milking machine or by hand, 
consists of a funnel shaped insert leading to a tube 
which conducts the warm milk to the bottom of 
the pail, where it spreads out in a thin layer be- 
tween a flange attached to the tube and the 


bottom of the pail. The tube and pail bottom 
arc both refrigerated by a circulating cooling 
medium. R. Whitaker 

623. Means for Milking Domestic Farm Ani- 
mals and for Temporarily Storing Milk and 
Cooling It. G. R. Duncan. U. S. Patent 2,470,- 
979. 11 claims. May 24, 1949. Official Gaz. 
U. S. Pat. Office, 622, 4: 1 1 19. 1949. 

A movable container, traveling on rails between 
2 rows of cows standing back to back, carries 
milk cans which receive the milk directly from 
the milking machines. The milk in the cans is 
cooled and stored at low temperature by mean.s 
of a mechanical refrigeration unit built in the 
can holding container. R. Whitaker 

ICE CREAM 

c. d. dahle, section editor 

624. Emulsifiers are Useful. W. E. Snyder, 
Univ. of Wisconsin, Madison. Milk Plant 
Monthly, 38, 6: 30-33, 43-44. June, 1949. 

Importance, neexl and action of emulsifying 
agents in the manufacture of high quality ice 
cream are discussed. Formulae illustrating com- 
mon emulsifiers such as lecithin, mono-glycerides, 
di -glycerides, tri-glyccridcs, Span 60 (sorbitan 
mono-stearate) and Tween 60 (polyoxyalkylcnc 
derivative of Span 60) arc included. Over-all 
effectiveness of an emulsifier depends on its ability 
to (a) disperse itself in the water phase of the 
mix, (b) be absorbed on the surface of the fat 
globule, (c) lower interfacial tension between the 
fat and water phase of the mix, (d) absorb water, 
thus providing hydrophilic properties to the fat 
globule, and (e) cling to the fat globules during 
the routine proce.sscs of freezing, hardening and 
aging of ice cream. J. A. Meiscr, Jr. 

625. Confection Product. E. M. Kennedy. U. 
S. Patent 2,464,515. 3 claims. Mar. 15, 1949. 
Official Gaz. U. S. Pat. Office, 620, 3: 884. 1949. 

Two frozen confections are held on the tines 
of a forked stick. R. Whitaker 

Also sec abs. no. 600, 612. 

MILK AND CREAM 

P. H. TRACY, SECTION EDITOR 

626. Helpful Ideas for Your Plant. T. Knight. 
Milk Plant Monthly, 38, 5: 80-81. May, 1949. 

Simple inexpensive accessories that save a plant 
money are stainless steel trays for homogenizer 
valves, stainless steel guards for glass thermome- 
ters, automatic soap dispensers for lubricating bot- 
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tie conveyor lines, and float controlled reservoirs 
for controlling the alkalinity of can washers. 

J. A. Meiser, Jr. 

627. Quidk Frozen Homogenized Milk. F. L 
Crowley (assignor to Crowley’s Milk Co.). U. 
S. Patent 2,470,020. 1 claim. May 10, 1949. 
Official Gaz. U. S. Pat. Office, 622, 2: 582. 1949. 

Milk is prepared for storage in the frozen state 
by treating it as follows; clariflcation, homo- 
genization, deaeration by a vacuum treatment, 
concentration at 120° F. under vacuum, pasteuri- 
zation for 30 min. 165 to 185° F., packaging 
and sealing under vacuum at pasteurization 
temperature, cooling to 60° F. and then quick 
freezing at about - 20° F. R. Whitaker 

Also see abs. no. 596, 602, 611. 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

628. Thiouracil and mammary gland growth. 
J. J. Trentin, V. Hurst and C. W. Turner, 
Univ. of Missouri, Columbia. Proc. Soc. Exptl. 
Biol. Med., 67, 4: 461. Apr., 1948. 

Twenty-one young male albino rats were cas- 
trated and divided into three groups. Group 1 
served as a control and about 10 d. later the rats 
in groups 2 and 3 were injected daily for 2 d. 
with 10 y of dicthylstilbestrol in oil. Group 3 
had 0.1% thiouracil added to its ration. The 
mammary glands of group 1 showed small- to 
medium-sized duct systems with little or no 
alveolar development. Group 2 showed an in- 
creased state of mammary development with 
alveolar development in most animals. The 
glands of group 3 showed a striking advancement 
of mammary development over group 1 and a 
marked improvement over group 2. There was 
good duct extension with extensive alveolar de- 
velopment. Fifteen intact male albino mice were 
placed into three groups. Group 1 served as a 
control, group 2 was maintained for 6 wk. on a 
grain ration containing 1.23 mg. of dimethyl ether 
of diethylstilbestrol/kg., and group 3 was main- 
tained for 6 wk. on the same level of estrogen 
with 0.2% thiouracil added to the feed after the 


first week. The mammary glands of group 2 
showed good duct extension as compared with the 
controls. No difference in the response to estro- 
gen could be detected in the estrogen- and duo- 
uracil-treated mice. R. P. Reece 

629. Secredon ia cow’s milk of mtravenoiuly 
Injected radioactive phosponis P**. M. KlbdEr, 
A. H. Smith, and N. P. Ralston. Univ .of Cal- 
ifornia, Davis. Proc. Soc. Exptl. Biol. Med., 69, 
2: 354-356. Nov., 1948. 

Two lactating Jersey cows were injected in- 
travenously with radioactive phosphorus P‘*, one 
with 15 millicuries and the other with 30 
millicuries. The cows were milked just before in- 
jection; 1, 2, 6 and 12 hr. after injection; and 
thereafter twice daily. Maximum P* concen- 
tration in milk reached a peak 3 to 8 hr. after 
injection; this amounted to 1.21 and 1.24% of 
the injected dose/1, of milk. The average daily 
secretion of P^^ in milk, as percentage of injected 
dose, for the first 6 d. after injection was 7.4, 
4.9, 2.8, 2.1, 1.6 and 1.4%, respectively. In 7 d. 
the two cows secreted in their milk 20 and 23% 
of the injected P*, respectively. Casein with a 
radioactivity of 2 microcuries/g. was prepared 
from milk collected during 3 d. after injection 
of 40 millicuries of P* per cow. R. P. Reece. 

SANITATION AND CLEANING 

K. G. WECKEL, SECTION EDITOR 

630. New Developments in Synthetic Deter- 
gents. O. M. Morgan, Allied Chem. & Dye 
Corp., Buffalo, N. Y. Milk Plant Monthly, 38, 
5: 52-54. May, 1949. 

A very brief review of the classification and ap- 
plication of synthetic detergents. 

J. A. Meiser, Jr. 

631. Dairy Plant Housekeeping. I. E. Parkin, 
Penn. State College, State College. Milk Plant 
Monthly, 38, 5; 69-71. May, 1949. 

A discussion of good housekeeping and respon- 
sibility for it. J. A. Meiser, Jr. 

Also see abs. no. 598, 619. 
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632. Elementary experiments in dairy bacteriol- 
ogy. R. N. Doetsch and M. L. Speck. Burgess 
Publishing Co., Minneapolis, Minn. 62 pp. $1.75. 
1949. 

I'his manual presents in logical sequence a 
series of experiments designed for a first course in 
Dairy Bacteriology for .students with a background 
in general bacteriology and in general chemistry. 
Twenty-three experiments are outlined and lists of 
rnaterial-s required for each experiment are given 
in an appendix. A list of journals and books for 
possible collateral reading also is presented, but, 
with a few exceptions, these publications are not 
cited specifically in the diflferent experiments. Al- 
though Bergey^s Manual is mentioned once in the 
text and quite a few statements concerning classi- 
fication are made, this book is not included in the 
list of references. Blanks are provided for rec- 
ording the pertinent data from each experiment 
and introductoiy remarks arc made for each ex- 
periment. In the opinion of the reviewer, the 
t elation of utensil contamination and later op- 
portunities for growth in the case of coliform 
iiacteria arc not pre.scnted with quite .sufficient 
emphasis, the impre.ssion being left that these 
organisms are predominantly of direct grain and 
fecal origin. The spiral binding is a convenience. 
This manual should prove vcr>' valuable to those 
who wish to teach from a fixed laboratory manual, 
as it seems to the reviewer to be the best publica- 
tion of this type available. F. E. Nelson 

633. Advances in enzymology. Vol. IX. F. £. 
Nord, editor. Intcrscience Publishers, Inc., New 
York, N. Y. 760 pp. $9.00. 1949. 

This volume maintains the high standard set 
by previous volumes in this series. The twelve 
review papers cover a wide variety of topics in an 
authoritative and well-documented manner. The 
authors represent a cross-section of European and 
American leaders in the various fields surveyed. 
The author and subject indices to the current vol- 
ume assist greatly in the finding of specific ma- 
terial. A cumulative index of all 9 volumes which 
have appeared to date is included. 


T. Mann, contains considerable material on bovine 
semen and 336 references are cited. “The 
Mechanism of Fertilization in Metazoa”, by John 
Runnstrom, contains much material of a funda- 
mental nature which would be of interest to those 
in breeding work. Other chapters of interest to 
those in one or more dairy fields include: “Some 
Aspects of Reversible Step Reactions”, by L. 
Michaelis; “Kinetics of Biological Reactions with 
Special Reference to Enzymic Processes”, by A. 
E. Steam; “Photochemistry of Enzymes, Proteins 
and Viruses”, by A. Douglas McLaren; “The Na- 
ture of Viruses”, by M. A. Lauffer et al,; “Nitro- 
gen Metabolism of Higher Plants”, by H. E. 
Street; “Chemistry and Enzymology of Nucleic 
Acids”, by F. Schlenk; “Principles of Enzymic 
Histo- and Cytochemistry**, by D. Click; and “In- 
dustrial Biosynthesis. Part I. Fats”, by A. Hesse. 

F. E. Nelson 

634. Principles of Veterinary Science. F. B. 
Hadley. 521 pp., 4th Ed., III. W. B. Saunders 
Co., Philadelphia and London. 1949. 

This text is of special interest to pre-veterinary 
students and persons interested in pursuing careers 
in fields related to animal husbandry. The first 
part of the book includes a rather comprehensive 
picture of the anatomy and physiology of animals, 
and the second part deals with animal disea.ses. 
Physiology and general function arc especially 
emphasized. 

Quite a few changes have been made in this 
new edition. Several chapters have been revised, 
and one chapter, “The Animal World”, is entirely 
new. According to the author, thb chapter was 
added “to give an idea of the great range of 
animal life”. Due to the decrease of importance 
of horses on farms today, a great deal of space 
formerly alloted to horses has been reduced. With 
the increasing interest and importance of dairy 
cattle, considerably more attention has been given 
to them. 

This book is written in a manner for rapid and 
thorough comprehension. Anyone interested in 
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any phase of livestock production would find this 
edition of considerable benefit. All chapters are 
sub-headed and divided into topics of chief 
concern. At the end of each chapter are a num- 
ber of questions, the answers to which thoroughly 
summarize the contents of the chapter. 

T. M. Ludwick 

635. Some effects of feeding iodinated casein for 
a long time to cattle, swine and white rats. Sven 
Dyrendahl (English translation by Ebba Ericks- 
son) . Royal Vet College, Stockholm. Pp. 3-116. 
1949. (146 ref.) 

Thirty-eight calves and 82 Yorkshire pigs re- 
ceived 1 g. /30 kg. live weight of iodinated casein 
or (Exp. 2-pigs) 1 g. /lOO kg. live weight daily. 
Three hundred rats received varying levels, and 
radioactive phosphorus isotope 40 min. before 
being killed. Poor flesh, osteoporosis with stiffness 
of gait, accelerated heart and respiratory rate 
after exercise, increased skin and rectal tempera- 
tures and loose feces characterized treated cattle. 
Exophthalmus of the eyeball in cattle, muscular 
tremor, nervousness and irritation also were 
noted. Reduced blood sugar was accompanied 
by lower liver glycogen content, based on blood 
analyses and liver biopsy samples. Periodical 
serous nasal discharge and coughing affected 
treated animals. Also, they had increased appe- 
tites, were slightly heavier but stored less body fat 
than did the normal animals. Cattle have been 
on test 3.5 yr., while pigs were slaughtered at 100 
to 120 kg. live weight. Physical reactions of all 
animals indicated desire to lose excess body heat. 

Phosphorylation processes in the liver and heart 
in rats which had been fed 0.01 g. of iodinated 
casein daily for 30 d. were observed with aid of 
radioactive phosphoric isotope P®*. They were 
injected with 5 c. of P^* in glucose solution in- 
traperitoneally 40 min. before being killed. Liver 
and heart were removed, placed in 15% trichlor- 
acetic acid solution, then ground and washed in 
trichlor-acetic acid, so that the filtrate contained 
100 ml. concerning the liver and 50 ml. regarding 
the heart. Analyses, and determinations of im- 
pulses/min. by the Geiger-Muller counting cham- 
ber were made on parts of this solution. Phos- 
phorylation rate of liver and heart was higher in 
iodinated casein-treated animals than in controls. 
Nipples of treated rats were enlarged. 

R. B. Becker 

ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

636. In vitro effect of certain antibacterial 
agents on otgaaisins encountered in bovine masti- 
tis. M. £. Kraft and G. R. Spencer. Univ. of 


Wisconsin, Madison. Froc. Soc. Exptl. Biol. Med., 
70, 1: 176-179. Jan., 1949. 

Various antibacterial agents were diluted to the 
approximate level which could be attained for a 
period of 10 to 12 hr. after intramammary infu- 
sion in cows. Subtilin was effective in high di- 
lution against gram positive organisms. Strep- 
tomycin was more effective against gram positive 
cultures than against gram negative organisms. S. 
aureus and S, typhimurium were resistant to the 
sulfonamides. Str. agalactiae and C. pyogenes 
were susceptible to sulfapyridine, sulfone, sulfa- 
diazine and sulfamerazine. £. colt was susceptible 
to sulfapyridine, sulfadiazine, sulfamethazine and 
sulfamerazine, among which the last two showed 
great activity. Sulfamethazine, sulfadiazine and 
sulfamerazine were effective against Br. abortus. 
Ps. aeruginosa was inhibited by sulfamerazine 
and sulfapyridine and sulfadiazine was the most 
effective antibacterial agent. R. P. Reece 

637. Penicillin in Str. agalactiae infection: Trials 
made in Great Britain in 1945 and 1946. Anony- 
mous. Vet. Record, 61, 19: 235-237. May 7, 
1949. 

These data on field trials on the use of penicillin 
for S. agalactiae were accumulated by members 
of the Mastitis Conference of the Agricultural 
Research Council of Great Britain working at 6 
different laboratories. 

Penicillin Field trials were made on 1363 5. 
agalactiae infected quarters over a 2-yr. period. 
The examination consisted of plating 0.1 ml. of 
milk on blood agar plates and reading after 48 
hr. at 37^ C. for identification of S. agalactiae. 
A quarter was considered infected if it showed 3 
positive tests, 2 of which were 1 wk. previous to 
treatment. Cure was considered to be effective if 
7 negative tests were obtained, 3 of which were in 
the week after treatment and the additional 4 at 
weekly intervals. 

Following pilot trials, it was decided to compare 
the efficacy of the following dosage levels and 
intervals in the 1st trial: 2 doses of 20,000 units 
with a 24-hr. interval, 4 doses of 20,000 units with 
a 24-hr. interval, 4 doses of 10,000 units after 
successive milkings, and a single dose of 100,000 
units. All penicillin injections were made in 
50 ml. of water and all quarters were treated. 
In the 2nd trial, dosage levels and intervals lyere 
modified as follows: 2 dosages of 20,000 units 
with a 24-hr. interval, 2 doses of 40,000 units with 
a 24-hr. interval, and 2 doses of 100,000 units with 
a 24-hr. interval. In addition, the penicillin was 
injected in 10 ml. of distilled water instead of 50 
ml. by one of the laboratories. 

Because of the larger numbers, results ^vere 
expressed in terms of quarters cured, which makes 
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them about 10% higher than on a cows cured 
basis. The total results showed that one dose 
of 100,000 units is inadequate and gave only 58% 
cure; 2 doses of 20,000 units at 24-hr. intervals 
resulted in 80% cure and increasing the dosage 
level at this interval to 40,000 or 100,000 showed 
no advantage; 4 doses of 10,000 units at successive 
milkings or 4 doses of 20,000 units in a 24-hr. 
period were no better than 2 doses at the 24-hr. 
interval, all being approximately 80% effective. 

R. P. Niedermeier 

638* A comparison of the immunizing value in 
cattle of dead antigens and S. 19 Br. abortus vac- 
cine. A. McDiarmid, Agr. Research Council, 
Field Station, Compton, Berks. Vet. Record, 61, 
22; 305-308. May 28, 1949. 

Sixty Ayrshire heifers ranging in age from 22 
to 30 mo., none of which had previously been 
bred, were used in this study to compare the im- 
munizing value of dead vaccines with that of the 
avirulcnt vaccine made from strain 19. These 
heifers were divided into 5 groups of 12 each, 
with group 1 serving as a control, group 2 was 
vaccinated with S. 19 vaccine, group 3 was vac- 
cinated with an antigenic fraction of B. abortus 
strain 544 and the remaining 2 groups were vacci- 
nated with dead B. abortus (strain 544) suspended 
in lanolin and liquid paraffin. In all groups 
except no. 4, the antigens used were prepared from 
an estimated 60 billion bacillary todies, and in 
group 4 the dead vaccine contained 10 times this 
number. When the majority of the heifers were 
5 months pregnant, an infective dose (130 million 
organisms) of virulent JB. abortus (strain 544) 
organisms was given via the conjunctival sac. 

At parturition, cultural and biological examina- 
tions were made of blood, cotyledon, colostrum 
and fetal stomach contents. Blood samples were 
also taken at regular intervals during the experi- 
mental period and the agglutination test run. 
Results of these tests arc given in detail. In 
general, these data demonstrated that the living 
avirulent S. 19 vaccine is better than dead anti- 
gens in all cases, including group 4 where the or- 
ganisms used to prepare the vaccine were in- 
creased 10 times. The authors suggest that one 
might expect a better degree of immunity by 
large, repeated doses of one of the dead antigens. 
The lanolin vaccine seemed to be the most effec- 
tive of the dead antigens. R. P. Niedermeier 

639. The stability of the avirulent characters 
of Brmla abortus strain 19 and strain 45/20 in 
lactating and pregnant cows. A. W. Taylor and 
A. McDiarmid. Vet, Record, 61, 23: 317-318. 
June 4, 1949 

This study consists of 2 parts. In part I, 28 


non-pregnant Ayrshire and Holstein-Fricsian cows 
that had calved once and were negative to the 
aggultination test were used. All but 3 of these 
cows were lactating at the time they were vac- 
cinated. The subcutaneous method of vaccination 
was used and 8 cows received 5.0 ml. of S. 19 
vaccine; 8 were given 2 inoculations at 3-wk. 
intervals of 45/20 vaccine, and 12 cows served 
as non-vaccinated controls. These cows were 
housed and grazed together. The cows were bred 
beginning 2 mo. after vaccination. Milk samples 
were taken at 2-wk. intervals and examined cul- 
turally and in addition biologically for the vac- 
cinated cows. Aggultination test was run monthly. 
At parturition, blood samples for the agglutination 
test, colostrum and cervical swabs were taken for 
cultural and biological examination. The pre- 
partum sampling procedure was continued for 
approximately 2 mo. postpartum. Results showed 
that no Br. abortus was excreted in the milk of 
the vaccinated cattle, and no infection appeared 
in the control animals from cither strain 19 or 
45/20. 

In part II, each strain was introduced intra- 
venously in a pregnant negative cow at sufficient 
dosage level to cause abortion. At abortion it was 
recovered by culture from the cotyledon and in 
as short a time as possible another pregnant nega- 
tive animal was inoculated. Each strain was 
passaged 7 times in this manner through preg- 
nant cattle. In this process $.19 remained un- 
changed in regard to its ability to grow in air 
and its accepted virulence for guinea pigs. Strain 
45/20 became highly virulent by the 7th passage 
and became COg sensitive. Its inability to pro- 
duce agglutinin was lost between the second and 
third passage. R. P. Niedermeier 

640. The mucus agglutination test for the diag- 
nosis of bovine trichomoniasis. A. £. Pierce. 
Vet. Record, 61, 25: 347-348. June 18, 1949. 

Results are given for mucus agglutination tests 
on 465 mucus samples from clean, suspect and in- 
fected herds in the British Isles. Only the 1:10 
dilution reading was used. The physical proper- 
ties of the mucus were observed and the sample 
was then classified as ocstral, post oestral, vaginal, 
pregnant, purulent or aqueous, prior to running 
tlie agglutination test. The successful applica- 
tion of the mucus agglutination test, as well as the 
ability to detect microscopically T. foetus in the 
various types of mucus samples is discussed. The 
author concluded that the mucus agglutination 
test is more accurate than the blood agglutination 
test. Inasmuch as several knowm infected animals 
failed to react to the mucus agglutination test 
and agglutinin may persist after recovery, the 
direct microscopic examination still is necessary, 
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but based upon this data the suggestion is made 
that microscopic examination .be applied to only 
those types of mucus most likely to contain the 
organism. R, P. Niedermeier 

341. Some observatioiis on miUi fever. A. 
Robertson. Vet. Record, 61, 24: 333-339. June 
11, 1949. 

Data given include observations on 19 cases of 
milk fever. Blood analyses for serum Ca, Mg and 
inorganic P before treatment, soon after treatment 
and after recovery periods are given. In several 
of the cases when the blood Ca was brought back 
to the normal level by Ca borogluconate treat- 
ment, a cure was not effected and the author 
points out that this supports the contention that 
blood Ca level is not alone responsible for milk 
fever. Upon statistical analysis of the data, no 
correlation was found between blood Mg levels 
and the symptomatology classification in regard 
to excitement, coma, narcosis or alertness. An 
interesting review of the historical background of 
research on milk fever is included, as well as a 
lengthy discu.s.sion by research men who have 
worked on this di.seasc. R. P. Niedermeier 

Also sec abs. no. 634, 65.5, 657. 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

642. Stabilization of butter. W. S. Mueller 
(assignor to the U. S. of America as represented 
by Secretary of War). U. S. Patent 2,472,119. 
16 claims. June 7, 1949. Official Gaz. U. S. 
Pat, Office, 623, 1: 128. 1949. 

Butter is protected against rancidity and dc- 
colorization 1^ tetrachloroparabenzoquinone. 

R. Whitaker 

Also see abs. no. 726. 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

643. Consumer preference as related to acidity, 
curd size and creaming of cottage cheese. W. H. 
E. Reid, Univ. of Missouri, Columbia. Milk 
Dealer, 38, 9: 43-44, 122-126. June, 1949. 

Many manufacturers of cottage chcc.se use the 
acid test of the whey or of the curd as an index 
to when the curd has sufficiently firmed or is ready 
for cutting. A survey indicated that the acidity 
of the whey should be between 0.45 and 0.50%. 
Acidity of the curd varied from 0.57 to 0.65%. 

The curd size varies in different regions and in 
some markets it is necessary to furnish both the 
“Popcorn Kernel” and the “Smearkase” types 
to satisfy cottage cheese consumers. When cream- 
ing the cottage cheese, care should be applied 


to avoid damaging the curd particles. The 3 
defects commonly found in body and texture are 
mealiness, lumpiness and a soft, pasty texture. 

The physical properties of cottage cheese manu- 
factured from skimmilk reinforced with about 
50% of nonfat dry milk solids are very com- 
parable with cottage cheese manufactured from 
normal skimmilk. This was evidenced by the 
fact that several thousand lb. of this cottage cheese 
received favorable reception from the consuming 
public. 

Nonfat dry milk solids are satisfactory for 
making cottage cheese. A concentration of 20%, 
i.e., 20 lb. of nonfat dry milk solids to 80 lb. of 
water is recommended. C. J. Babcock 

644. It*s all cottage cheese. Caroline B. Men- 
uEz, Paper Cup and Container Institute, Inc. 
Am. Milk Rev., 11, 5: 10, 12. May, 1949. 

The results of a survey revealed wide differences 
in types of cottage chec.se offered for sale. Cot- 
tage cheese was classified according to six different 
types, based upon size of curd and relative amount 
of creaming. Variation in preference in differ- 
ent localities was pointed out. Potential market- 
ing possibilities are emphasized by the fact that 
the per capita annual consumption in California 
is 6 lb. while the national average is 2 lb. 

D. J. Hankinson 

645. A comparison of starters for use in Roque- 
fort-type cheese. J. Clarke and N. S. Golding. 
State College of Washington. Natl. Butter Cheese 
J.,40, 7: 27-29, 54. July, 1949. 

Carbon dioxide is a limiting factor in mold 
growth. Therefore, a lactic starter producing 
little or no carbon dioxide would appear to be 
desirable for use in making Roquefort-type cheese. 
The purpose of this study was to determine whe- 
ther pure lactic culture.s or those containing asso- 
ciate types of organisms were most de.sirable for 
this use. A comparison was made of the follow- 
ing starters: a commercial starter containing as- 
.sociate types of organisms [Leuconostoc citro- 
vorum and L. dcxtranicum) and organisms of the 
Streptococcus lactis group; a pure culture of S. 
lactis; a pure culture of S. cremoris. Three lots 
of cheese were made with each of these starter 
cultures. Two different strains of Penicillium 
roqueforti were used. 

Cheeses made with commercial starter had more 
abundant mold growth than that made with 
either of the pure cultures. Cheeses made with 
the pure cultures had dry textures; those made 
with the commercial culture had wet or leaky 
texture. Characteristic Roquefort flavor could 
not be correlated with high total volatile acidity. 
Cheeses made with pure cultures were critfciz^ 
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for bitter taste and foreign mold flavors. The use 
of commercial type starter made equal or better 
cheese than either of the pure cultures. 

H. E. Calbert 

646. Report on sampling, fat and moisture in 
cheese. W. Horwitz and Lila Knudsen, Food 
and Drug Admin., Federal Security Agency, Min- 
neapolis 1, Minn, and Washington 25, D. G. J. 
Assoc. Ofiic. Agr. Chemists, 32, 2 : 303-309. 1949. 

A more extensive study of the official and modi- 
fied methods for fat and moisture in cheese was 
conducted and analyzed statistically. The experi- 
ments were designed to determine (a) the varia- 
tion between laboratories, (b) the variation be- 
tween collaborators within a laboratory, and (c) 
the variation between duplicate samples run by 
the same collaborator. Results obtained in over 
700 determinations are plotted graphically. An- 
alyses of variance were performed on the data 
for each method. In most cases the variation be- 
tween laboratories contributed a significant 
amount of variation. The difference between 
collaborators w'ithin a laboratory was very signi- 
ficant also. Variations arc shown in terms of 
the standard deviation and in terms of variation 
to be exceeded 1 time in 20 (P = 0.0.5 limits). 

When the A.O.A.C'. method was used for de- 
termining moisture, the results obtained between 
laboratories had a .standard deviation of ±0.29 
and P = 0.05 limit of rt.57; the draft oven method 
values of 1 0.31 and ±0.61, respectively. Results 
between collaborators within a laborator>' using the 
A.O.A.C. method had a standard deviation of± 
0.25 and a P = 0.05 limit of ±0.49; the draft oven 
method gave values of ± 0.27 and ± 0.53, respec- 
tively. Results by one collalx)rator using the 
.A.O.A.C. method had a standard deviation of 
±0.16 and a P = 0.()5 limit of ±0.31; the draft 
oven method gave results of ±0.20 and ±0.39, 
respectively. 

When fat determinations were made by the 
A.O,A.C. method, the results obtained between 
laboratories had a standard deviation of ±0.24 
and a P = 0.05 limit of ±0.47; a method employ- 
ing direct weighing into a Mojoiinier tube gave 
values of ±0.32 and ±0.63, respectively. Results 
obtained between collaborators within one labora- 
tory, using the A.O.A.C. method, had a standard 
deviation of ±0.19 and a P = 0.05 limit of ±0.37; 
the method employing direct weighing into a 
Mojonnicr tube gave values of ± 0.28 and ± 0.55, 
respectively. Results obtained by one collabora- 
tor, using the A.O.A.C. method, had a standard 
deviation of ±0.15 and a P = 0.05 limit of ±0.29; 
the method employing direct weighing into a 
Mojonnier tube gave values of ±0.19 and ±0,37, 
respectively. F. J. Babel 


647. Method of processing cheese and package 
therefor. F. M. Fisher and H. C. Hopp (assig- 
nors to Standard Cap and Seal Corp.). U. S. 
Patent 2,471,867. 1 claim. May 31, 1949. Offi- 
cial Gaz. U. S. Pat. Office, 622, 5 : 1496. 1949. 

Instead of placing freshly milled curd in con- 
ventional hoops, it is placed in molds which are 
lined with a non-hydro.scopic envelope, such as 
cellophane. The product in the lined mold is 
placed under vacuum, and the envelope sealed. 
Release of the vacuum causes the envelope to 
shrink around the curd causing it to knit together 
and acting as a protective coating during curing. 

R. Whitaker 

Also see abs. no. 655, 67 1 . 

CONDENSED AND DRIED MILK; 
BY PRODUCTS 

F. j. DOAN, SECTION EDITOR 

648. Stabilizing evaporated milk. H. £. Ot- 
TiNo, L. H. CiTRYSLF-R AND E. F. Almv (assig- 
nors to M and R Dietetic Laboratories, Inc.). 
U. S. Patent 2,473,493. 11 claims. June 14, 1949. 
Official Gaz. U. S. Pat. Office 623, 2: 607. 1949. 

Evaporated milk having a total .solids content 
greater than the usual 26% is easily sterilized 
without coagulation by incorporating a small 
portion of mineral modified milk having a Ca/P 
ratio of 0.15/0.75. R. Whitaker 

649. Filtrations-probleme bei der Molkeaufbe- 
reitung. (Filtration problems in preparing 
whey.) English summary. F. A. Friedkl. Die 
Milchwlssenschaft, 3, 10: 292-296. Oct., 1948. 

In order to obtain clear whey for human con- 
sumption the whey is heated to 100° C. and held 
for 10 to 15 min. The heat-coagulated proteins 
arc permitted to settle, preferably at pH 4.5, dur- 
ing a period of 12 hr. The supernatant is filtered 
through a Berkfeld wash filter consisting of a 
layer of infusorial earth, which treatment renders 
the liquid clear. An illustration of a schematic 
procedure is given. I. Peters 

650. Korrektur der spindelanzeige bei molke. 
(The correction of lactodensimeter readings in 
whey.) English .summary. G. Roeder. Die 
Milchw'issenschaft, 3, 11: 335-340. Nov,, 1948. 

The expansion coefficient was found to be the 
same for rennet- and acid-type whey at tempera- 
tures of 10 to 30° C. Based on the expansion 
coefficient of whey, the specific gravity for each 
temperature was calculated, takiii|; into account 
the glass correction factor of the lactodensimeter. 
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Thus a table was formulated for the determina* 
tion of the specific gravity of whey with readings 
taken at 10 to 30® G. corrected to 15® C. The 
calculated and actual values obtained were in 
sufficient agreement for the degree of accuracy 
required in this test. I. Peters 

Also see abs. no. 659, 661, 668, 669. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

651. A modified frost little plate method for 
routine bacteriological control of milk. E. L. E. 
Humphries, S. Hues & Sons, Ltd., Liverpool. 
Dairy Ind., 14, 4: 389-391. Apr., 1949. 

A description of a modification of the original 
Frost technique is given in some detail. The tech- 
nique consists essentially of preparing a 1 to 10 
dilution of the milk to be tested in quarter- 
strength Ringer solution in the ordinary way. A 
sterile platinum loop calibrated to deliver 0.01 ml. 
is used to measure 0.01 ml. of this dilution, and 
to mix thoroughly with 3 to 4 drops of molten 
agar previously deposited on a sterile 3x1 in. 
micro slide, and finally to spread the inoculated 
agar over an area of 4 cm.^ After hardening, the 
slide is at once placed in a moist chamber and 
incubated overnight at 37® C. Next morning the 
slides arc placed in a water-oven at 100® C., dried, 
washed with acetone, then water, stained with di- 
lute aqueous methylene blue, again washed with 
water and returned to the oven to dry. 

A description of a microscopic counting aid is 
given whidi aids in reducing fatigue as well as 
errors. G. H. Watrous, Jr. 

652. Doppelkombimcrte metbode zur indirekten 
keimzahlb»timmuiig der mileb. (The oombina- 
tion of two methods for the indirect count of 
bacteria in milk.) English summary. A. Todo- 
ROFF AND K. Assenowa. Die Milchwissenschaft, 
3, 10: 300-302. Oct., 1948. 

A growth medium consbting of equal parts of 
peptone whey agar and nutrient broth agar when 
used in petri plates and in deep cultures permits 
the development of a large variety of bacteria 
differing nutritionally as well as in their demand 
for oxygen. Incubation at 32 to 35® C. for 48 
hr. is recommended. For yeasts and molds a 
medium consisting of equal parts of peptone whey 
agar and wort agar is recommended for plating, 
using an incubation temperature of 30® C. 

I. Peters 

653. MeAod of defiocculating bacteria. G. 
Green (assignor to Syntron Co.). U. S. Patent 
2,472,419. Silaims. June 7, 1949. Official Gaz. 
U. S. Pat. Office, 623, 1 : 202. 1949. 


To provide a means of breaking up clumps of 
bacteria, prior to counting, the medium is sub- 
jected to mechanical vibration of frequencies of 
3,600 to 7,200 vibrations/min. R. Whitaker 

654. A note on morphological differences be- 
tween strains of Streptococcus cremoris. H. R. 
Whitehead and G. J, E. Hunter, Dairy Re- 
search Inst., Palmerston North, New Zealand. 
J. Gen. Microbiol., 3; 43-45. 1949. 

Cultures of Streptococcus cremoris were grown 
in milk for 5 hr. at 37® C., rather than at the 
optimum of 30® C., and then examined under 
the microscope. The app>earance of involution 
forms served as a characteristic which was con- 
sidered to be significant in the identification of 
various strains of this organism* 

J. J. jezeski 

655. Penicillin in relation to acid production in 
milk by starter cultures used in cbeddar cheese 
making. H. Katznelson and E. G. Hood, Dept, 
of Agr., Ottawa, Can. Science, 109, 2837: 490. 
May 13, 1949. 

The carry over of penicillin used as a treat- 
ment for mastitis into milk u.sed for cheese may 
be great enough to inhibit the activity of acid 
producing bacteria. Pasteurization of milk failed 
to inactivate the antibiotic. M. Loewenstein 

656. Zur taxonomie der nukroorganismen. (On 
the taxonomy of microorganisms.) English sum- 
mary. A Meyn. Die Milchwissenschaft, 3, 10: 
297-300. Oct., 1948, 

A discussion dealing with the importance and 
method of systematic classification of micro- 
organisms is presented. I. Peters 

657. The identification of Brucella abortus 
strain 19 by dye bacteriostasis. H. B. Levine 
and j. B. Wilson, Univ. of Wisconsin, Madi.son. 
J. Infectious Diseases, 84, 1: 10-14. Jan.-Fcb., 
1949. 

The work was undertaken to find an in vitro 
test to replace the quinea pig virulence test for 
the identification of strains of Brucella abortus 
which do not require added COj on primary iso- 
lation. The tolerance to 6 basic thiazin dyes was 
studied with 97 cultures of Br. abortus. Tlic cul- 
tures included 31 cultures of strain 19 from vari- 
ous sources, as well as virulent, relatively aviru- 
lent and aberrant cultures of human and animal 
origin. The dyes used were thionin, thionine blue, 
methylene blue, azure A, azure B and azure C. 
The organisms were streaked onto plates of fiacto- 
Tryptosc agar to which had been added after 
stcrilizatton the desired amount of sterile dye solu- 
tion. The criterion of differentiation was the fail- 
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ure of strain 19 to grow at a dye level that did 
not inhibit other strains. 

All of the strain 19 cultures were completely 
inhibited by 0.4 mg. thionine blue/1, of medium. 
All of the virulent strains tolerated at least 50% 
more of the dye. For routine testing the authors 
recommended a dye level of 0.4 to 0.5 mg./l. and 
an incubation period of 5 d. J. F. Cone 

658. Today*s milk b safe milk* A National Dairy 
Council Digest. Am. Milk Rev., 11, 5: 44-45. 
May, 1949. 

Largely because of pasteurization, disease out- 
breaks due to milk have declined in recent years. 
At the same time outbreaks due to other foods 
increased. Milk borne outbreaks are largely con- 
fined to small cities and rural areas where pasteuri- 
zation is less common. Eradication plans for 
animal diseases communicable to man, such as 
tuberculosis and brucellosis, are important health 
measures. The effect of pasteurization on the food 
value of milk is briefly discussed. 

D. J. Hankinson 

Also see abs. no. 636, 637, 638, 639, 640, 645. 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

639. Vergleich verschiedener fettbestimmung’s 
methoden bei der akwendung auf milchpulver 
under kmdemahrmitten (A comparison of vari- 
ous methods for the determination of fat in milk 
powder and baby foods.) English .summary. W. 
Mohr and J. Hasing. Die Milchwissenschaft, 
3, 11: 321-327. Nov., 1948. 

Dried powdered whole milk, skimmilk, butter- 
milk, whey and cream, as well as baby foods and 
butter, were analyzed for fat content by five 
different methods. The Schmidt-Bondzynaki 
method gave variable results, depending on the 
heat treatment of the respective milk powder. 
The Roesc-Gottlicb method showed low values 
with rancid fat powder but not with normal fat 
powder. Schlowmcr carbon tetrachloride method 
gave variable low values, whereas the Grossfeldt 
pure extraction method gave accurate values, 
provided the extraction time was of sufficient 
duration. Thb method measures also the phos- 
phatides and therefore gave higher values than did 
the Weibull-Stoldt method. The latter gave ac- 
curate reproducible values in all instances and is 
recommended for the determination of fat in dried 
milk and whey. The method is as follows: A 20 
g. sample is suspended in 100 ml. cold water and 
60 ml. fuming HCl (spec. gr. 1.19). This mix- 
ture, with pumice added, b heated on a water bath 
with intermittent stirring until foaming ceases. 
The container then is covered with a watch glass 


and heating continued on an asbestos gauze over 
a direct small flame and boiled for 20 min. with 
intermittent stirring. Boiling water is added and 
the hot mixture filtered through a moistened 
folded filter paper of 27 cm. diam. After 3 wash- 
ings with hot water and careful draining, the fil- 
ter is folded, placed on a watch glass and dried for 
3 to 4 hr. in a drying oven at 105° C. 

The filter without thimble is placed directly 
into an extraction apparatus containing a pad of 
fat-free cotton at the bottom. Extraction in the 
Soxhlet apparatus is continued for 3 hr. using 175 
ml. ether. The ether is evaporated and the fat 
is dried to constant weight at 105° C. The limits 
of error by this method for whole milk powder is 
±0.1 per cent. I. Peters 

660. Report on the detection of added water by 
the serum tests. H. J. Hoffman, Dept, of Agr., 
Dairy and Food, St. Paul, Minn. J. Assoc. Offic. 
Agr. Chemists, 32, 2: 309-317. 1949. 

Results obtained in a collaborative study indi- 
cate that the official serum methods only serve to 
indicate to the analyst that added water may be 
present in a milk sample. Milk samples falling 
below the present standards (38.3 sour serum, 36 
copper serum and 39 acetic scrum) contain ad- 
ded water. The methods gave no indication of 
the amount of added water, A suggestion was 
made not to prosecute for added water unless 
cryoscopic re.sults were available. Data obtained 
by the serum methods w'crc not uniform. It w^as 
recommended that the serum methods be confined 
to their present limitations, z.c., indicating the 
presence of su.spected .samples. F. J. Babel 

661. Methanol extraction of lactose and soluble 
proteins from skim milk powder. A. Leviton, 
Bur. Dairy Ind., USDA, Washington, D. C. In- 
dus. Eng. Chem., 41, 7: 1351-1357. July, 1949, 

Earlier work on the separation of soluble pro- 
teins and lactose from whey powder has been 
extended to fluid and dried skim milk. The pro- 
teins of spray-dried skim milk were almost com- 
pletely precipitated by 62% methanol at - 15° C. 
The dried milk-mcthanol mixture was centrifuged 
within a few minutes after mixing to remove the 
protein precipitate. Lactose of good quality 
cr)'stallizcd from the filtrate during 15 hr. and 
was recovered by centrifuging. The protein pro- 
duct was soluble in water and showed no signi- 
ficant change in particle size distribution from 
that in the original milk. The protein product 
recovered comprised 42.2% of the solids of skim 
milk and it contained 74.1% protein of which 
81% was casein. The influence oi solvent-pow- 
der ratio, the effect of methanol concentration, of 
higher extraction temperatures and the properties 
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of the lactose and the protein complexes were 
determined. Best results were obtained when 20 
g. of powder were extracted with 100 ml. of 62% 
methanol. The results indicate that, for many 
industrial purposes, extraction at room tempera- 
ture would produce a satisfactory soluble protein 
product. For best results the skim milk used 
should be a soluble spray-dried product in which 
the lactose has not crystallized. The process can 
be applied to fluid and concentrated skim milk, 
but with these products there is an alcohol recti- 
fleation and a serious flltration problem. A study 
of the extraction of the fluid skim milks yielded 
interesting data on the constitution of the proteins 
in milk. B. H. Webb 

662. Elektronen-mikroskopische Grossenbestim- 
mung der Galciumcaseinatteilchen in Kuhmilch. 
(Electron microscope determination of size 
^ calcium caseinate particles in cow milk.) 
Nitschmann, Hs., Univ. of Bern, Switzerland. 
Helvetica Chimica Acta, 32: 1258-1264. 1949. 

Preparations were made from skim milk diluted 
with 0.01 M CaCla or treated with formalin and 
then diluted with distilled water. Simple dilution 
with distilled water allowed dispersion of some 
particle aggregates. The preparations were made 
on glass, gold shadowed and removed on a form- 
var lacquer film. The most common particle size 
is 80-120 m^ with considerable numbers of par- 
ticles in the 40-80 m^ and 120-160 rtift, classes. 
Some particles are as large as 280 m/x. These 
values agree reasonably well with certain other 
values which have been reported. 

F. E. Nelson 

663. The binding of organic ions by proteins. 
Comparison of native and modified protans. 1. 
M. Klotz and J. M. Urquhart. Northwestern 
Univ., Evanston, 111. J. Am. Chem. Soc., 71, 5: 
1597-1603. May, 1949. 

A comparative quantity study was made of the 
binding of a common anion, methyl orange, by a 
group of proteins, mostly of crystalline nature, 
under very identical environmental conditions. 
The extent of binding of methyl orange was meas- 
ured by a differential dialysis technic. Bovine 
plasma proteins, fractions II (y-globulin) and 
lll-l (^2-globulin), did not bind methyl Orange. 
The extent of binding by friction IV- 1 (a2-glob- 
ulin) is quite small, while the crystallized albu- 
min fraction showed significant binding proper- 
ties. Among the non-plasma proteins examined 
only ^-lactoglobulin showed appreciable uptake 
of methyl orange. Modification of proteins, such 
as acetylation, decreases the affinity of albumin 
for anions. Where the number of cationic loci 
are not decreased, such as the conversion of the 


c^ammonium groups of lysine to guanidinium 
groups, the binding ability of serum albumin re- 
mains unaltered. H. J. Peppier 

664. Compounds with **folic acid’* activity. A. 
Z. Houson, Pet Milk Go., Greenville, III. Arch. 
Biochem., 21, 2; 330-334. Apr., 1949. 

The activity of possible interfering compounds 
in the folic acid assay of milk were compared with 
that of pteroylglutamic acid for Lactobacillus 
casei and Streptococcus faecalis. Under the con- 
ditions tested, ribonucleic acid, uric acid, gluta- 
mine and orotic acid did not interfere in assays for 
folic acid while desoxyribonucleic acid and 
5-methylthiouracil are active for L. casei and S, 
faecalis. The results do not explain the discrep- 
ancies observed in the folic acid assay of milk nor 
do they necessarily invalidate the values already 
reported for milk and other foods. 

H. J. Peppier 

665. The digestion of acetyl proteins by pan- 
creatin. B. M. Hendrix and W. J. Wingo, Univ. 
of Texas. Arch. Biochem., 21, 2: 431-36. Apr., 
1949. 

The digestive action of pancreatic extract upon 
acetylated casein, edestan and egg albumin, and 
their alkali-treated derivatives, was determined, 
and the nature of the binding of the acetyl group 
to the protein was studied. As much as 69% of 
the acetyl casein w'as digested, based on the amino 
nitrogen set free by the native protein. The di- 
gestibility of acetyl casein differed only slightly 
from that of its alkali-treated derivative. Les^t 
acetyl was liberated from acetyl casein by pan- 
creatic digestion than was removed by the solution 
of the protein in dilute NaOH. The acetyl re- 
moved from alkali-treated acetyl casein by pan- 
creatin amounts to less than 5.5% of the acetyl 
bound to the casein prior to enzyme digestion or 
alkali treatment. The liberation of acetic acid 
from acetyl proteins is believed due to esterases 
of the pancreatic extract. These esterases split 
the acetyl group bound by oxygen linkage to vari- 
ous groups in the protein molecule, such as the 
phenolic hydroxyl of tyrosine, other hydroxy- 
amino acids and carbohydrate groups. 

H. J. Peppier 

666. Process of preparing modified protem. I. 
A. Parfentjer (assignor to American Cyanamid 
Co.). U. ^ Patent 2,473,255. 3 claims. June 
14, 1949. Official Gaz. U. S. Pat. Ofiice, 623, 2: 
547. 1949. 

A protein of improved nutritional value is made 
by digesting casein with pepsin at pH range 2 to 
8, until most of it is water-soluble at pH 4.6. The 
desired fraction is salted out with 25 to 35% by 



DAIRY ENOINEEBINQ 


A137 


weight of (NH 4 )gS 04 , then the salt is removed 
by dialysis. R, Whitaker 

667. A capillary-ascent test tube method for 
separating amino acids by filter paper chromatog- 
raphy. L. B. Rockland and M. S. Dunn, Univ. 
of Calif., Los Angeles. Science, 109, 2839: 539. 
May 27, 1949. 

A rapid, convenient, capillary-ascent test tube 
method for separation of less than y quantities of 
amino acids by filter paper chromatography is 
described. M. Loewenstein 

Also see abs. no. 642, 646, 648. 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

668. Apparatus for the desiccation of organic 
substances. F. E. Hurd. U. S. Patent 2,471,035. 
4 claims. May 24, 1949. Official Gaz. U. S. Pat. 
Office, 622, 4: 1133. 1949. 

Milk, fruit juices and the like arc first super- 
cooled in a pressure tank and then sprayed into a 
vacuum chamber at 29 in. Hg or lower, w'here 
the product freezes in the form of extremely small 
droplets. The moisture sublimes as the particles 
fall to the Ixjttom of the cone shaped chamber 
and the dry powder is removed and packaged. 
Heat may be applied to the nozzle to prevent 
freezing of the liquid on the nozzle. The chamber 
also is jacketed and insulated to permit control of 
the temperature within the chamber. 

R. Whitaker 

669. Spray device. R. E. Mfade, N. E, Taylor 

AND J. F. Crews (assignors to Western Condens- 
ing Co.). U. S. Patent 2,473,035. 6 claims. 

June 14, 1949. Official Gaz, U. S. Pat. Office, 
623, 2: 490. 1949. 

The chief novel feature of this centrifugal spray 
wheel for atomizing fluids like milk, whey, etc. is 
a series of teeth on the rotating wheel upon which 
the material impinges and is thrown outwardly 
fnmi the device in a fine mist. R. Whitaker 

670. Heat exchange system. R. E. Olson (as- 
signor to Taylor Instrument Co.). U. S. Patent 
2,472,984. 2 claims. June 14, 1949. Official 
Gaz. U. S. Pat. Office, 623, 2: 477. 1949. 

Details are given of a flow diversion valve and 
an automatic system of operation for the valve 
for ensuring the proper temperature of milk en- 
tering the holding tube of a high temperature- 
.short time pasteurizer for milk. R. Whitaker 

671. Protectiiig cheesemakers* profits with in- 
stniments, J. Meyer, Minneapolts-Honeywell 


Regulator Co., Brown Instrument Div., Philadel- 
phia, Pa. Natl. Butter Cheese J., 40, 6: 32-33, 
50-51. June, 1949. 

A “continuous balance” electronic potentiome- 
ter is a new device that can be used as a control 
instrument to prevent small fluctuations of tem- 
perature when high temperature-short time pas- 
teurization of milk for chccsemaking is used. For 
smaller operations using the holding method of 
pa.steurization, a standard dairy thermometer with 
built in timer, controller and signal lights now is 
available, serving as a means of automatic control 
in vat pasteurization. H. £. Calbert 

672. A guide to checking high temperature 
short time pasteurizer. P. J. Dolan, Jr., Calif. 
Dept. Agr. Am. Milk Rev., 11, 5: 40-41. May, 
1949. 

Cardinal points in checking performance and 
compliance of high temperature short time units 
with ordinance requirements arc divided into 4 
phases. The 1st phase, construction and arrange- 
ment of equipment, includes suitable clearance 
around equipment, sanitary coastruction, condi- 
tion of plate gaskets, raw milk surge tank location, 
raw milk pressure relationship to pasteurized side, 
characteristics of the timing pump, slope of the 
holding tube, recording and indicating thermome- 
ter con.st ruction, and flow diversion valve con- 
struction. The 2nd phase is thermometer and 
controller accuracy. The 3rd phase is thermome- 
ter temperature controller and flow' diversion 
valve response. The 4th phase, holding time, is 
determined by salt .solution injection into w'ater 
flow', using an electrode and meter as an indicat- 
ing device. Filling time for a 10 gal. can may 
be used as a quick check if established when the 
unit is operating properly. Timing should be 
carried out as in operation — in diverted flow' and 
with and without homogenizer in operation. The 
timing pump should be scaled at its maximum 
speed. D, J. Hankinson 

673. Receptacle handling apparatus. I. H. 
Kendall (assignor to Cherry Burrell Corp.). 
U, S, Patent 2,473,955. 7 claims. June 21, 1949. 
Official Gaz. U. S. Pat. Office, 623, 3 : 870. 1949. 

This device takes inverted milk cans from a can 
w'ashcr, turns them right end up and delivers 
them on a conveyor with the lids in place. 

R. Whitaker 


674. Ice cream machine with perforated screw 
agitator. G. H. G. Espinasse and J. P. C. £s- 
pinasse. U. S, Patent 2,474,730. 3 claims. 

June 28, 1949. Official Gaz. U. S.*Pat. Office, 
623, 4:1176. 1949. 
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The chief feature of this ice cream freezer is 
a screw conveyor type of agitator which operates 
within a refrigerated cylinder. R. Whitaker 

675. Refrigerating-plant effidency. J. F. Hyam« 
Sarnia, Ont. Power, 93, 6- A: 142. Mid-June, 
1949. 

An equation and an alignment chart are pre- 
sented for determining the efficiency of refrigerat- 
ing plants under various temperature conditions. 

H. L. Mitten, Jr. 

676. Good purge means more tonnage. T. G. 
Hicks. Operating Engineer, 2, 6: 36-7. June, 
1949. 

High condenser pressure, poor condenser heat 
transfer, increased power input and formation of 
explosive mixtures may indicate an air-bound sys- 
tem. Air and other noncondensable gases collect 
on the high side at the point of lowest pressure. 
This point may shift from the receiver to the 
condenser and back. 

A purger is connected to the horizontal receiver' 
on the top. It may be connected just above the 
liquid level in the case of vertical receivers. Lo- 
cation of purge line connection to condensers 
depends upon the type of condenser. With dou- 
ble-pipe condensers, correct location is near liq- 
uid-refrigerant outlet. Atmospheric condensers 
should have the purge line connected at the re- 
frigerant outlet. Bleeder-type condensers should 
have the purge connection on the top pipe. With 
the horizontal shell-cnd-type condenser, purge 
lines are connected on the top at each end, while 
with the vertical, they arc connected a few inches 
above the liquid refrigerant outlet. The purge 
connection is made at the liquid outlet in the case 
of evaporative condensers. Purge the .receiver, 
then the condenser. Do not purge the condenser 
while it is operating. H. L. Mitten, Jr. 

677. How much does your steam cost? W. 
Shinn and W. Arrott, Operating Engineer, Al- 
bany, N. Y. Operating Engineer, 2, 7: 28-9, 
July, 1949. 

The cost of steam, electricity, heat and other 
services from the power plant is important to the 
engineer, manager and the company’s customers. 
Cost records show the cost of operation. Figuring 
costs is easy when dollars are substituted for 
make-up water, gal. of fuel oil or lb. of steam. 
An example of cost records and calculations is 
presented. H. L. Mitten, Jr. 

676. Die warmepumpe in der milchuidustrie. 
{Thn headiv pump in the dairy industry.) Eng- 
Uidl summary. K. H. Suttor. Die Milchwissen- 
schaft, 3, 11: 340-344. Nov., 1948. 


The discussion is concerned with the usefulness 
of installing a heating pump in dairy plants in 
order to utilize the waste heat resulting from such 
operations as cooling of heated milk, etc. A heat- 
ing pump may prove to be economical only in 
plants where the cost of fuel is high as compared 
with electricity. Other items to consider are: (a) 
the discontinuous supply of waste heat through- 
out the day, (b) the immediate utilization of 
waste heat or the need for storing it for later use, 
and (c) the seasonal use of waste heat. 

I. Peters 

679. Der trennvorgang in der schleudertrom- 
mel. (The process of separation in a separator 
bowl.) English summary. W. Wilsmann. Die 
Milchwissenschaft, 3, 10: 302-309; 3, 11: 327- 
334; 3, 12: 366-371. Oct., Nov., Dec., 1948. 

This is a theoretical discussion of the separator 
bowl. Calculations and diagrams dealing with 
the principles of efficient separation and clarifica- 
tion of milk are presented. I. Peters 

680. Proper air filter maintenance pays industry 
in good results. B. G. Evans, Eli Lilly and Co., 
Indianapolis, Ind. Heating, Piping Air Condi- 
tioning, 21, 7: 86-8. July, 1949. 

If filters arc not cleaned or replaced when dirty, 
they may impede air flow and may allow dirt to 
be carried through because of high velocities in 
sections of the filter. 

Some filters work better for a given application 
than others. A wire mesh clcanable filter is used 
for filtering the air supplied a building. This type 
filter removes enough impurities to make the air 
tolerable for ventilation. It has a large dust hold- 
ing capacity. It may be cleaned with a solution 
such as kerosene by dipping and setting up to dry. 

Where high purity air supply is needed, but the 
installation of an electrostatic filter is not justified, 
the author uses a filter consisting of multiple lay- 
ers of paper lapped over a serrated frame. 
Sprayed with oil, this filter has a high efficiency 
of dust collection. Because of low dust holding 
capacity, it must be changed frequently. The 
electrical precipitation filter is used in applica- 
tions with rigid air filtration requirements. Sta- 
tionary cell-type filters are cleaned by directing 
a hoi jet of water at 200 to 210® F. against the 
ionizing wires and plates. 

Traveling plate electrostatic filters are used 
where high efficiency and large dust holding ca- 
pacity arc required. The plates arc built into a 
continuous screen which rotates and dips into an 
oil bath for continuous cleaning. 

Maintenance of filters is of prime importance 
for efficient removal of impurities and proper 
ventilation. H. L. Mitten, Jr. 
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^1. Design standards for grade A plant pro- 
ducer farm dairies. G. L. Nelson, Okia. A. and 
M. College, Stillwater. Agr. Eng., 30, 6: 271- 
273. June, 1949. 

Considerations leading to the design standards 
presented are those which have been developed 
cooperatively by the Oklahoma A. and M. Col- 
lege, Oklahoma State Health Department, and 
19 county and city health departments. 

The building described is congruent with the 
U. S. Milk Ordinance and Code; it contains a 
milking room, a feed room and a milk room. 
Herd shelter is to be provided elsewhere. There 
should be a feed alley and litter alley in the milk- 
ing room; these will increase wall and floor re- 
quirements but decrease the work travel tremen- 
dously. The milking room should be of such size 
as to permit controlled grain feeding. Fifteen 
min. feeding time is a reasonable time. Where 
a two-unit milker is used, and 5 min. is allotted 
for preparing and milking eacli pair, a minimum 
of 6 stanchions is needed. 

Proper drainage of the milking room w'astcs de- 
pends upon the natural drainage of the site. Milk 
room wastes should not be permitted to flow 
through the milking room. 

Mangers should be 12 in. higher than stall plat- 
forms. Milk rooms may be ventilated by vertical 
Hue ventilators. Design data which specify the 
\'entilation rate are not known. In the milking 
room a 24-in. diameter flue will remove moisture 
at the rate produced by 6 cows if the outside tem- 
perature is 25° F. with relative humidity of 50% 
and air velocity is 5 mph, and the inside temper- 
ature is 35° F. with 75% relative humidity. Sev- 
eral designs and some comparisons are illustrated. 

H. L. Mitten, Jr. 

682. Calculations for milkhouse heating pur- 
poses. C. P. Wagner and M. Nabben, Northern 
States Power Co., Minneapolis, Minn, Agr. Eng., 
30, 6; 294-296. June, 1949. 

Milkhouse heating is desirable to protect the 
water system, to remove, icc from the floor, to 
prevent condensation on walls and to provide for 
personal comfort of workers. A controlled tem- 
perature of 40° F. gives milkhouse protection. 
Milkhouscs in Minnesota of the same size, heated 
to 40° F., require from 2000 to 8000 kw-hr. /sea- 
son, depending upon the insulation values and 
degrees of inflltration. A Minnesota milkhouse 
that can be heated to 40° F. by 2000 kw-hr. is 
calculated to require 3200 kw-hr. for heating to 
50° F. 

Heat requirements of a building may be re- 
duced by locating one or more sides against an- 
other building, serving through connecting vesti- 
bule, insulating and reducing infiltration. New 


milkhouse location plans should be made con- 
.sidcring heating. In the Minneapolis area the 
annual value of good insulation and close fitting 
storm door and windows is $40 to $80 with elec- 
tricity at 2(‘/kw-hr, and heating to 40° F. 

Heat removed from milk may be used to heat 
the milkhou.se, for the ordinary mechanical re- 
frigerator arts as a heat pump. The radiator 
(condenser) has an output of approximately 2.3 
kw-hr. (7850 BTU) for each 10 gal. can of milk 
handled (milk temperature reduced from 95° F. 
to 40° F.). The milk cooler may be supplied 
with well water to supplement the milk as a heat 
supply. A milk cooler compresscjr of 0.75 hp. 
or larger would be required for this application. 
The use of the milk cooler as a heat pump Is still 
in the experimental stage. 

Additional methods of applying heat arc direct 
radiation, storage water heater, radiant heat (wall 
or floor), heat pads and heat lamps. Fan-type, 
direct radiation heaters seem to be the best units 
for supplementary heating. 

The well-insulated milkhouse of 1000-12000 ft.-'* 
can be expected to require 0.75 kw-hr. of direct 
heat/dcgrec-day. The same milkhouse may be 
healed with the milk cooler operating as a heat 
pump for 0.25 kw-hr. or less/ degree-day. This 
includes energy used to cool the milk. 

n. L. Mitten, Jr. 

683. Arc your trap discharge lines right size? 
H. G. Ebert, Yamall-Waring Co., Philadelphia, 
Pa. Operating Engineer, 2, 6: 26-7. June, 1949. 

Trap discharge-line size is often as important as 
a properly sized trap. Charts arc presented which 
give % of flash when condensate enters a trap, 
equivalent length of pipe to allow for the fittings 
in the line, and discharge-pipe diameter. Dis- 
charge lines sized by these charts will help traps 
drain equipment rapidly. H. L. Mitten, Jr. 

684. Safety is big business here — $640.00 saved 
in two years. W. Arroti', Operating Engineer, 
.Mbanv, N. Y. Operating Engineer, 2, 7 : 20-22. 
July, i949. 

The safety program of the V4th St., New York 
power plant is de.scribed. Step one in any pro- 
gram is education. The men who run the plants 
should be responsible for safety and for teaching 
safety to the workers. Classes were built around 
films of the National Safety Council. The second 
step is a safety program. Competition builds en- 
thusiasm among workers. The third step is safety 
follow-up. After each accident, the follow-up 
determines the cause, and steps are taken to pre- 
vent recurrences. Safety saves woi-king time and 
boosts morale. H. L. Mitten, Jr. 
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685. Low down on wearing rings. I. J. Kabas- 
siK AND R. Carter, Worthington Pump and 
Machinery Corp., Harrison, N. J. Operating 
Engineer, 2, 7: 38-39. July, 1949. 

Centrifugal pumps have running joints between 
their impeller and casing. Clearance in these 
joints is usually between removable wearing rings. 
The different types of rings are presented by dia- 
gram and discussed as to construction, location, 
mounting and clearances. H. L. Mitten, Jr. 

Also see abs. no. 713. 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

686. The ice cream market in the home. Anony- 
mous. Ice Cream Trade J., 45, 7: 34, 36, 77- 7k 
July, 1949. 

According to a survey just made by the 
U.S.D.A., the average family of 3.42 persons 
in 68 cities spends 42.5^ for ice cream for home 
consumption. The amount .spent ranged from 
17^/wk. for families whose income was under 
$l,000/yr. to 73.2^ for families with incomes of 
$7,500 or over. The average family spent $2.5.57 
weekly for food, 1.66% of which was spent for 
ice cream. 

Assuming that the average per capita consump- 
tion in 1948 was 16.23 qt./person, the average 
family would have consumed 55.5 qt./yr., or 
$38.50 worth at 70^/qt, The government study 
indicated that about half of the ice cream pro- 
duced is going into the home, the other half being 
consumed at the point-of-sale. The amount of 
money spent for ice cream ranked high when com- 
pared with the amount spent for other dairy prod- 
ucts. The average family spent $2.21/wk. for 
fluid milk, 65.6^ for butter, 52.64 for al| types of 
cheese and 42.54 for ice cream. W. H. Martin 

687. What the industry should do about costly 
practices that are unsound and unethical. J. H. 

Meehan, Phila. Dairy Products Co. Ice Cream 
Trade J., 45, 6: 46, 48, 99. June, 1949. 

The iin.sourd and unethical pratices which have 
beset the ice cream industry are unfair to the 
producers as well as the dealers. Management, 
which is at fault, should stop this cutthroat com- 
petition and train their salesmen to sell ice cream 
on the basis of intelligent constructive sales instead 
of underselling competitors and bribing dealers 
with cabinets and neon signs. Salesmen .should 
strc.ss selling more gallonagc to their customers 
instead of fighting for othcj- companie.s’ custo- 
mers; thus the gallonagc sales would incrca.se, the 
cost of ice cream decrease, and better feeling 
would result anong members of the association. 
^ ‘ W. H. Martin 


688. Snowballs in July. Anonymous. 

Cream Trade J., 45, 6 : 44. June, 1949. 

An unexpected but very welcome advertisement 
of ice cream will reach 43 million readers through 
the efforts of Durkee Famous Foods campaign to 
acquaint the public with Coconut Snowballs. 
These “snowballs” are ice cream covered with 
chocolate and topped with coconut. They are 
sold in the Stork Club and other eating places for 
as high as $1.50, but are really very inexpensive so 
they should appeal to the fountain and home 
consumers. This extensive advertisement will 
start just as the June Dairy month campaign ends, 
thus keeping public attention focused on ice 
cream. W. H. Martin 

689. While the show goes on, there’s gallonagc 
in theatres. T. E. Heidknreich, Jr. Ice Cream 
Trade J., 45, 5: 46, 48, 113-114. May, 1949. 

Theatre operators, hunting a new source of 
revenue to support their dropping ticket sales, 
have provided a comparatively new “dry stop” 
for ice cream manufacturers. In a recent Motion 
Picture Herald survey of 16,880 theatres, 20% or 
3,201 were selling ice cream, while 89% .sold 
candy. The gallonagc demand is as high, if not 
higher, in the winter months as in summer, mak- 
ing a year-round market with only a slight slump 
in Apr.-May and Sept.-Oct. In 194k theatre 
gallonagc sales increa.scd over the previous year’s 
sale and so far in 1949 the increase has been .sub- 
stantial. 

The few retail difficulties such as proper .storage 
cabinets, an ice cream product which will leave a 
minimum of litter in the theatre, and the method 
of selling either by peddling in the aisles or .selling 
from the lobby .stands are being considered and 
overcome. This “dry stop” adds up to some im- 
portant gallonage for the industry in years to 
come. W. H. Martin 

690. High’s converts to self-service. H. Haug. 
Ice Cream Trade J., 45, 5: 52-53, 108. May, 
1949. 

High’s Dairy Products Co. of Washington, 
D. C., arc converting mo.st of their 67 stores from 
counter-type to self-service after experimenting 
with a .store which moved from 12th to 3rd place 
in sales volume after self-servTcc had been in- 
stalled. 

Though the equipment for self-service costs 
about $6,000 as compared to $1,800 for counter 
sales equipment and the electricity bills run 3 and 
4 times higher, the greater volume of business 
more than pays for the change. There was a 50% 
increase in milk sales when the open sales cases 
were .substituted for the glass door reach-in type 
cases, and the ratio of hand-dipped and packaged 



DAIRY PLANT MANAGEMENT AND ECONOMICS 


A141 


ice cream sales changed from 3 hand dipped 
quarts to 1 packaged quart previously and is now 
4 packaged quarts to 1 hand dipped. 

The same number of attendants is maintained 
but they handle a much larger amount of business. 
Long periods of waiting have been eliminated, in- 
ventories are easier and there is no additional ad- 
ministrative problem. W. H. Martin 

691. A legislative commission looks at the home 
delivery of milk. Anonymous. Am. Milk Rev., 
11, 6: 3(>-39, 41. June, 1949. 

This article is a summary of a .study in New 
York City conducted under the direction of Dr. 
E. C. Young, Dean of the Graduate Schwjl at 
Purdue Univ., at the request of a temporary com- 
mission on agriculture created by the legislature of 
the State of New York in 194.*), The report was 
submitted in March, 1949. 

The duties of a home delivery routeman were 
stated as follows: (a) get vehicle and return it to 
garage, (b) load and unload, (c) drive to route 
and return, (d) deliver, fc) collect, (f) record 
.sales and collections and (g) settle accounts and 
make out order. The average routeman spent 
()()% of his time for actual service to the customer 
and 40% for bookkeeping, loading, and unload- 
ing, credits, and collections. Wide variations in 
delivery costs were noted and attributed to differ- 
ences in tonsumer dwelling and buying habits, 
standards of customer service, number of units de- 
livered/customer and responsibilities of the route- 
man. 1'hc cost of the average customer call was 
with an average of 2.86 qts. /customer, re- 
sulting in a cost/qt. of G.St*. When the customers 
lived primarily in row houses the cost/call w'as 
8.6<^. When cu.stomers lived in separated homes 
the cost was 12.4^/call. Since no price reduc- 
tions were offered for quantity purchases by mul- 
tiple route companies, no incentive existed for 
revising buying habits of customers. Home de- 
livery’ of milk offers more service to consumers 
than any other food product. D. J. Hankinson 

692. Prevailing wages paid to milk routemen. 

Lewis, Univ. of Missouri, Columbia. Milk 
Dealer, 38, 8: 46-47, 138. May, 1949. 

A survey of prevailing w-ages paid to milk route- 
men gave enough information to conclude that the 
wages, including commissions, paid these workers 
range from $59.37 to $87.37, with an average of 
$66.66/w’k. Cx>mmi.ssions averaged betw’ccn 5% 
and 8% on wholesale routes and a little more on 
retail routc-s. The wholesale price of pa.stcurized 
milk ranged from 15 to 24<l/qt. with an average 
price of 17.99^/qt. The retail price ranged from 
17 to 24^ with an average price of 19.85<^. Ho- 
mogenized milk had the same price range as re- 


tail pasteurized milk but averaged 20.69^/qt. 
Wage cost/qt. varied between 1.25^ to with 
an average of 3,66^/qt. on whole.sale and 3.869^/ 
qt. on retail. Tables are presented showing dis- 
tribution of milk prices for Feb., 1949, wage 
groups disposition, and the weekly wages paid 
routemen, and prices for retail and w'holesale bot- 
tle milk for Feb., 1949. C. J. Babcock 

693. Selling salesmen to .sell. R. G. Pfat, Sil- 
verwood Dairies, Ltd., London, Ontario. Am. 
Milk Rev., 11, 7: 2-4. July, 1949. 

This article pfiints out 6 factors w^hich make for 
successful selling: (a) selection of personnel, (b) 
training, (c) planned .selling, (d) incentive, (e) 
recognition, and (f) supervision. The u.sr of all 
factors is summed up under one term — leadership. 

D. J. Hankinson 

694. Where do you break even? M. J. Ki.uoer. 
Am. Milk Rev., 11, 6: 2-4, 6. June, 1949. 

“Break-even” point is a term used by account- 
ants to indicate the sales volume just ncces.sary to 
pay for expenses which do not vary with sales vol- 
ume in addition to the expenses which vary with 
sales. It is useful as a management tool to main- 
tain sufficient volume to insure profit. This is 
especially important in the milk industry w'hcrc 
the margin of profit is narrow. The break-even 
point varies between plants and from month to 
month. It is pointed out that a reduction in vol- 
ume of sales may result in a net loss to the plant 
because certain fixed expenses do not change with 
volume of business. The break-even point can be 
represented in chart form to give a visual guide 
for conduct of business. D. J. Hankinson 

695. Allocation of costs in multiple products 
plants. L. C. Thomsen, University of Wis. 
Nall. Butter Cheese J., 40, 6: 28-29, 56-58. 
June, 1949. 

In multiple products plants it is difficult to 
allocate costs of such secondary operations as 
quality control, and receiving, separating and ad- 
ministrative costs. This paper discusses various 
methods of allocating these secondary costs to the 
cost of the major product. A dairy' plant must 
have a sound accounting system before any 
method of cost allocation is practical. Adoption 
of .standard accounting procedures will result in 
greater permanency for the accounting sy’stem. 
This will make possible long term comparisons 
of costs, sales, etc. H. E. Calbert 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

696. The value of urea 'in protein supplements 
for cattle and .sheep. J. S. Dinning, H. M. 
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Briggs and W. D. Gallup, Oklahoma Agr, Expt. 
Station, Stillwater, J. Animal Sci., 8, 1 : 24-34. 
Feb., 1949. 

Nitrogen balance studies were conducted on 
2 yr. old steers and growing wether lambs on 
maintenance wintering, and fattening rations in 
which urea was included in varying amounts from 
9 to 50% of the total N of the ration. The steers 
refused to consume all of the rations in which urea 
furnished 50% of the N, but no difBculty was ex- 
perienced in getting the lambs to eat rations con- 
taining that level of N. 

The amount of N retention for 1x)th steers and 
lambs was increased when additional N was fur- 
nished by urea. The addition of urea did not in- 
crease fecal N but caused an increase in the total 
N of the urine, largely in NHg and urea. Both 
steers and lambs reacted alike in this respect. 
Lambs apparently were more efficient in the uti- 
lization of urea. Total N retained was about the 
same in rations in which urea furnished 50% of 
the N, as in those in which it supplied 25%. Urea 
increased the apparent digestibility of protein but 
had no effect on the digestibility of other nutri- 
ents. F. C. Fountainc 

697. The influence of soybean oil meal upon 
roughage digestion in cattle. W. Burroughs 
AND P. Gerlaugh, Ohio Agr. Expt. Station, Co- 
lumbus. J. Animal Sci., 8, 1: 3-8. Feb., 1949, 

The digestion coefficients of dry matter in corn- 
cobs and timothy hay were determined by feeding 
fattening cattle rations to steers. Two rations, 1 
w'ith and 1 without corncobs, were fed both at an 
8% and at a 15% protein level. Soybean oil meal 
was substituted for corn to change the protein 
content of the rations. The digestion of dry mat- 
ter in corncobs was increased by 14% and that of 
timothy hay by 17% by the addition of soybean 
meal to the ration. F. C. Fountaine 

698. Further observations on the effect of pro- 
tein upon roughage digestion in cattle. W. Bur- 
roughs, P. Gerlaugh, B. H. Edgington and R. 
M. Bkthkk, Ohio Agr. Exp. Station, Columbus. 
J. Animal Sci., 8, 1: 9-18. Feb., 1949. 

Five series of digestion trials with beef steers 
were conducted to determine the effect of protein 
on dry matter digestion of corncobs or clover hay 
fed as sole roughages. In 2 .series with corncobs 
and 1 with clover hay, the protein content of the 
ration was varied by substituting dried skimmilk 
for mineralized starch. In one series dried skim- 
milk was added in varying amounts directly to 
the corncobs and in the final series dried skimmilk 
was added in different amounts to a constant mix- 
ture of starch and corncobs. 

. In every instance wh«n starch was fed as part 


of the ration, the addition of dried skimmilk im- 
proved the apparent digestibility of the roughage. 
Adding dried skimmilk to a ration in which no 
starch was present had little effect on the digestion 
of the dry matter in corncobs, even though the 
total ration contained as little as 4% total protein. 
When starch was present the minimum level of 
protein for efficient digestion seemed to be be- 
tween 8 and 12%. F. G. Fountaine 

699. The growth of dairy heifers raised chiefly 
on roughages. O. T. Stallcup, H. A. Herman 
AND A. C. Ragsdale. -Mo. Agr. Expt. Sta. Bull. 
523. 1949. 

Twenty-eight Holstein heifers nursed their 
dams 3-4 d., received whole milk to 6-7 mo., with 
lespedeza hay, alfalfa hay, sorgo silage, limited 
concentrates at 3 levels, and pasture in .season to 
24 mo. Others received limited milk to 8 wk., an 
18% protein calf starter, lespedeza hay and pas- 
ture in season. Calves were encouraged to take 
roughage and concentrates early. Normal growth 
was obtained where about 55% of the crude pro- 
tein and digestible nutrients were obtained from 
pasture. Dairy heifers of normal weight and 
height may be reared from 6 to 24 mo. of age on 
not more than 900 lb. concentrates, if quality 
roughage and pa.sture are provided in abundance. 
Feed consumptions and body measurements arc 
given. R. B. Becker 

700. The metabolism of niacin in ruminants 
(sheep, goats and calves). P. B. Pearson, W. A. 
Prrlzweio and F. Rosen, A. & M. (College of 
Texas, and Duke Univ. School of Medicine. 
Arch. Biochem., 22, 2: 191-94. June, 1949. 

The urinary excretion of nicotinic acid, N- 
methylnicotinamide (NMN) and its pyridone, N- 
methyl-G-pyridone-S-carboxylamide was deter- 
mined for calves (about 6 wk. old) and mature 
goats and sheep on a normal diet and following 
the ingestion or parenteral administration of 2 g. 
nicotinamide daily for 3 consecutive d. Between 
14 and 19% of the niacin ingested by calves and 
sheep is excreted by the renal pathway as non- 
methylated nicotinic acid derivatives. Goats 
excreted only 6.4% when nicotinamide was 
ingested, but 23% when administered subcutane- 
ously. A small but insignificant increase in the 
amount of NMN excreted was observed for all 
three species, thus exhibiting a behavior similar to 
that reported for the rabbit, guinea pig and horse. 
On a normal diet neither the calf, goat nor sheep 
excreted measurable amounts of pyridone. The 
results obtained with nicotinamide administration 
further reveal that pyridone is not an end product 
of niacin metabolism in the calf, and that it is of 
minor quantitative importance in the goat and 
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sheep. The observations do not preclude the pos- 
sibility of both methylated derivatives being inter- 
mediates in the metabolism of niacin by herbivora, 
since the horse and guinea pig have been shown 
to destroy NMN, while the rabbit oxidizes a con- 
siderable quantity of it to the pyridone. The en- 
zyme capable of oxidizing NMN has been found 
in rabbit liver but not in sheep liver. 

H. J. Peppier 

701. Studies of the effect of phosphate fertiliza- 
tion on the composition and nutritive value of 
certain forages for sheep. O. Matrone, R. L. 
Lovvorn, W. J. Peterson, F. H. Smith and J. 
A. Weybrew. j. Animal Sci., 8, 1 : 41-51. Feb., 
1949. 

Phosphate fertilization of Bladen silt loam of 
the North Carolina Coastal Plain had no effect on 
the chemical composition of soybean hay grown 
on it. When measured by gain in wt. and appar- 
ent digestibility there was no significant difference 
in the feeding value for lambs of a ration of soy- 
bean hay and raw soybeans grown on pho.sphate 
fertilized plots and one grown on check plots. 

In the 2nd yr., with ccrclose as a concentrate, 
soybean hay grown on phosphated soil gave sig- 
nificantly greater gains in lamb and had a higher 
apparent digestibility than soybean hay grown on 
unphosphated plots. The authors suggest that 
general conclusions should await results of further 
investigations. F. C. Fountainc 

702. Phosphatic animal-feed supplement. Lab- 
oratory and pilot plant production. G. L. 

Bridger, j. W. Moore and H. M. McLeod, Jr. 
1 Clin. Valley Authority, Wilson Dam, Ala. Ani- 
mal feeding tests. D. E. W^illiams, F. L. McLeod, 
E. Morrell and H. Patrick, Univ. of 1 enn. Agr. 
Expt. Sta., Knoxville, in coop, with Tenn. Valley 
Authority. Indus. Eng. Chem., 41, 7: 1391-1400. 
July, 1949. 

A w^aste material composed chiefly of iron and 
phosphorus in a form unavailable to plants and 
animals was converted to a limestone-ferrophos- 
phorus product. In the new form about 3/4ths 
of the phosphorus was available for phosphorus 
retention to experimental animals (rats and 
chicks), as compared with readily available phos- 
phorus in a .salt mixture. This partial unavailabil- 
ity wa.s overcome by feeding the product at in- 
creased levels. This material may be a useful 
phosphatic feed supplement if it can be produced 
cheaply. B. H. Webb 

703. The calcium, magnesium and potassium 
contents of the senim of ewes fed high levels of 
potassium. P. B. Pearson, J. A. Gray and R. 
Reiser, A. & M. College of Texas, College Sta- 
tion, J. Animal Sci., 8, 1 : 52-56. Feb., 1949, 


Potassium bicarbonate included as approxi- 
mately 5% of a ration of alfalfa hay and grain 
had no significant effect on the amount of cal- 
cium, magnesium and potassium in the blood 
serum of mature ewes. F. C. Fountainc 

704. The influence of tocopherols upon the 
mammary and placental transfer of Vitamin A in 
the sheep, goat and pig. F. Whiting, J. K. 
Loosu AND J. P. Wii i.MAN, Comcll Univ., Ithaca, 
N. Y. J. Animal Sci., 8, 1: 35-40. Feb., 1949. 

Three prepartal rations furnishing respectively 

12,000 I. U. Vitamin A, 80 mg. tocopherol, and 

12,000 I. U. Vitamin A plus 80 mg. tocopherol 
daily were compared to basal rations for ewes, 
goats and sows. 

Supplementing the prepartal rations with 

12,000 I. U. of V'itamin A resulted in increased 
stores of Vitamin A in the livers of the newborn, 
and in the colostrum of all species studied. Ad- 
dition of 80 mg. of tocopherol to the basal ration 
increased the liver stores of only lambs. Toco- 
pherol supplements had no influence on the Vita- 
min A content of the colostrum. Combination of 
tocopherol and Vitamin A supplements had no 
effect on liver stores of the newborn or the Vita- 
min A content of the colostrum, as compared to 
rations containing only Vitamin A supplements. 

F. C. Fountainc 

Also .sec abs. no. 635, 721. 

GENETICS AND BREEDING 

N. L. VAN DEMARK, SECTION EDITOR 

705. A metabolic regulator in mammalian sper- 
matozoa. H. A. Lardy, D. Ghosh and G. W. E. 
Plaut, Univ. of W'isconsin, Madi.son. Science, 
109, 2832: 365. Apr. 8, 1949. 

Metabolic data, together with motility observ’a- 
tions obtained on epididymal and ejaculated bo- 
vine spermatozoa lead to the discovery of a meta- 
bolic regulator. This substance is present in 
bound form in epididymal spermatozoa and ap- 
parently is liberated into the seminal fluid as a 
water-soluble conjugate from which the active 
form is released by mild alkaline hydrolysis. The 
substance also is liberated during prolonged stor- 
age of excised cpididmides in the refrigerator. 
Aerobic fermentation by yeast is stimulated by 
the regulator, and this characteristic forms the 
basis for an a$.say, the details of which are to be 
reported elsewhere. The regulator is believed to 
be responsible for the high rate of respiration of 
ejaculated spermatozoa. The possibility is ad- 
vanced that if liberation of the regulator could 
be prevented, or a method of counteracting its 
effects devised, viable spermatozoa could be pre- 
served for longer periods. M. Loewenstein 
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706. Effects of dilutson on motility of Imll sper- 
matozoa and the relation between motility in high 
dilution and fertility. P Cheng, L. £. Casida 
AND G. R. Barrett, Univ. of Wisconsin, Madison. 
J. Animal Sri., 8, 1: 81-88. Feb., 1949. 

Six semen samples from each of 5 bulls were 
diluted at 1:10, and successively from 1:100 to 
1 : 12,800 with 0.9 NaCl and with 0.08 M sodium 
citrate diluents. There was a progressive decrease 
in % of motile spermatozoa from low to high di- 
lutions. Motility was not restored in spermatozoa 
reconcentrated by centrifuging. The addition of 
egg yolk to citrate buffer markedly increa.scd the 
motility of spermatozoa in dilutions from 1:100 
to 1 : 12,800. There was no significant correlation 
between motility and fertility when measured 
within bulls. F. C. Fountaine 

707. Evidence of an inherited seminal character 
associated with infertility of Friesian bulls. J. L. 
Hancock, Wellcome Veterinary Research Sta- 
tion, Frant, Sussex. Vet. Record, 61, 22: 308- 
309. May 28, 1949. 

A morphological abnormality of the sperma- 
tozoa of 7 closely related Holstein-Fricsian bulls, 
all of which had a very poor breeding record, is 
described. This abnormality appeared only after 
.staining, and photomicrographs are shown of af- 
fected spermatozoa stained with iron haematoxy- 
lin where the abnormality appeared as a deeply 
stained area at the anterior pole of the head. 
Other semen charactcristic.s, including motility 
ratings, density, viability at 4° C., and methylene 
blue reduction time, all were within the normal 
range on these bulls. The average percentage of 
affected spermatozoa ranged from 79 to 96%, and 
the bulls were used in 6 different herds on 108 
females, none of which became pregnant. When 
these females were mated to known fertile bulls, 
clinical hi.stories indicated they were of normal 
fertility. R. P. Nicdcrmeicr 

708. An apparatus for the extraction of ferti- 
lized eggs from the living cow. L. E. Rowson 
and D. F. Dowunc. Vet. Record, 61, 15: 191. 
April 9, 1949. 

An apparatus that enables one to wash the ova 
from the uterine horn with a minium amount of 
irrigating medium is described in detail. It con- 
sists of a solid rubber tube about 30 in. long with 
3 channels. Two of the channels act as a two-way 
catheter with 1 opening near the tip and the 2nd 
a few inches back. The 3rd channel opens into a 
1 in. latex collar vulcanized to the tube just be- 
hind the 2nd opening of the two-way system. 
This collar can be inflated with air after the tube 
is in position sfhd seals off the tip of the uterine 
horn. The technique of inserting this irrigating 


tube with the aid of a steel stilette, withdrawn 
after insertion, also is described. Epidural an- 
aesthesia is suggested as being of help in control- 
ling the operation. The name of a London firm 
now manufacturing this apparatus is given. 

R. P. Niedcrmeier 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDHOR 

709. Instrumentation for animal shelter re- 
search. C. F. Kelly, T. E. Band and C. Loren- 
ZEN, Jr., U. S. D. a. Agr. Eng., 30, 6: 297-304. 
June, 1949. 

Research in animal shelters many times involves 
measurement of heat flow. Temperature and 
heat flow arc so closely related that instruments 
for measuring one u.sually arc useful for measur- 
ing the other. The estimation of heat loss rate by 
convection requires the knowledge of dry-bulb 
temperature of air and rate of air flow. Rate of 
heat loss by radiation involves the temperature 
of surfaces or the direct measurement of emission. 
Wet-bulb temperature of air is required in the 
estimation of total heat loss and moisture removal 
through ventilating sy.stems. Instruments avail- 
able are radiometers for measuring total solar and 
.sky radiation and intensity of radiation from a 
surface; globe thermometer and Kata thermome- 
ter for measuring the combined effects of tem- 
perature, radiation and air flow; touch thermo- 
couple for measuring the wet-bulb depression; 
and potentiometers for measuring and recording 
the thermoelectric effect of the preceding instru- 
ments. 

The thermocouple is ased in making surface 
temperature measurements. The diameter of the 
wire should be small; 30 or 36 gauge wire with a 
butt-welded junction is .satlsfactor)'. For surface 
temperature of .swine and rattle a touch thermo- 
couple has been u.sed. 

The wet-bulb temperature of air can be meas- 
ured satisfactorily with a thermoelectric psy- 
chrometcr which uses a single wet and dry junc- 
tion of 36 gauge copper and canstantan. Dust 
from feed and floor make frequent changing of 
wicks ncces.sary. Facial ti.s.sue and cigarette paper 
are satisfactory sub.stitutcs for absorbent cotton 
wicks and are easier to change. 

Small heat flow meters fitted with handles can 
be u.sed to measure heat flow by radiation and 
convection from walls, floors, ground or animals. 
The instrument may be cemented, screwed or 
taped to the surface being tested. When fitted 
with a suitable handle it can be held against the 
animal. With animals, the time the instrument 
Is held against the animal should be sufficient to 
allow heat transfer rate to reach a steady state, 
but not so long as to materially affect the animaPs 
subcutaneous circulation. 
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The flat plate radiometer is used for measuring 
the heat load on animals and structures from both 
the sky and ground, and for comparing the effi- 
cienry of shades in cutting off solar radiation. A 
device for calibrating small radiometers is de- 
scribed and a formula for determining the cali- 
brating factor is given. 

Potentiometers for general purpose work should 
be calibrated in millivolts and need not have an 
automatic cold junction compensator. 

H. L. Mitten, Jr. 

710. Milking bam. G. J. and D. R. Pouvka. 
U. S. Patent 2,472,122. 9 claims. June 7, 1949. 
Official Gaz. U. S. Pat. Office, 623, 1 : 128. 1949. 

To facilitate machine milking of cows, the stalls 
of this milking bam are raised a few feet above 
the floor level. The cows enter the stalls from 
raised aisles. To con.serve space and to provide 
convenience the stalls are set at an angle to the 
aisles. R, Whitaker 

711. Teat cup. H. O. Lindren (as.signor to Ak- 
tiebolaget Separator Corp.). U. S. Patent 2,473,- 
379. 1 claim. June 14, 1949. Official Gaz. L*. 
S. Pat. Office, 623, 2: .578. 1949. 

A teat cup for milking machines consisting of 
a rigid .shell containing a flexible inner liner which 
is caused to extend and contract by a pulsing 
.source of vacuum applied through a tube .separate 
from the milk collecliug tube. R. Whitaker 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

712. Year 'round specialty. Anonymous. Ice 
Cream Trade J., 45, 7 : 44, 95. July, 1949. 

Cake for the “ice cream ’n cake” roll is re- 
ceived in sheets 24 in. long from the New'ly Weds 
Baking C^o. Chicago plant. In the plant, pan.s are 
lined with sheets of white waxed paper 19 x 24/2 
in. and the cake inverted is placed in the pan on 
top of the paper. Ice cream from a continuous 
freezer is spread over the cake by means of a spe- 
cial spreading device; the pans pa.ss on a conveyor 
to a table where the roll is formed; a stainless steel 
miter box and saw is used to cut the 24 in. roll into 
6 uniform sections. Eight sections are packed into 
a carton. The Standard Drug. Co. of Cleveland, 
O., markets this item through its 53 outlets at 
39^ for a 4'' roll. Different flavor combinations 
are made, including vanilla ice cream and choco- 
late cake, and vanilla and strawberry ice cream 
with vanilla cake. W. H. Martin 

713. A guide to cabinet sizes. Anonymous. Ice 
Cream Trade J., 45 , 7: 58. July, 1949. 


A special chart has been prepared by the Ice 
Cream and Cabinet Section of the Air Condition- 
ing and Refrigeration Machinery Association. It 
gives the dimensions of the 1949 conventional 
type cabinets manufactured by its members. 

W. H. Martin 

714. Golden State markets “Redi-Serv” for 
single-service at the dealer fountain. Anonymous. 
Ice Cream Trade J., 45, 6: 42-43, 88. June, 
1949. 

In a search for controlled ice cream portions, 
the San Francisco Golden State C^o., Ltd., started 
producing last May the factory made single-serv- 
ice ice cream item. Golden State “Redi-Serv.” 
It is extruded from a freezer at 18° F. It is dc- 
po.sited in a .solid mass and touches only the bot- 
tom of the cup, not the sides. This necessitates 
constant low temperature. The portions may be 
adju.sted by the delivery tube. At present the size 
is 2.4 fluid oz. These cups arc packed in 4 half- 
dozen layers separated by w'ax paper, sealed and 
turned over so the cups are upside down and the 
ice cream protected at all times when being di.s- 
pensed. 

The advantages of this “Redi-Serv” arc many. 
The souffle cup which one pushes on the bottom 
to release the ice cream is fasjter, more sanitary, 
has no w'aste, fits standard cones and other dis- 
pen.ser equipment and gives the dealer controlled 
portions. This cup is sold to dealers for about 3.5 
cents, making it possible for him to figure exactly 
his costs and is promoting a 10 cent sundae. Con- 
.sumcr reaction to texture and flavor has been ex- 
cellent. W. H. Martin 

715. Shifts in gallonage. C. E. French, Purdue 
Univ., LaFayette, Ind. Ice Cream Trade J., 
45, 7: 38, 39. July, 1949. 

Since 1925 Pennsylvania and New York State 
have occupied the first 2 positions in total ice 
cream production. California, Illinois and Ohio 
are next 3 ranking state.s. Greatest gains have 
been made by North Carolina and Tennessee, 
w’hich have moved up to 14th and 15th places 
from 24th and 26th places, respectively. Other 
southern states have moved up substantially. 

W. H. Martin 

716. A study of sales and profits in malteds at 
the retail level. Anonymous. Ice Cream Trade 
J., 45, 6: 66, 79. June, 1949. 

The Fountain Service Magazine made a recent 
.survey throughout the country which showed that 
though the Midwest makes a richer malt, the 
East and West sell more and profit more due to 
their lower prices and sound merchandising tech- 
nics. This survey also shows flavor preference 
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the country over the same, with chocolate rated 
first with 78%, vanilla next with 1 1 %, strawberry 
with 6.6%, pineapple polling 3.1%, and all other 
flavors accounting for the remaining 1.3%. 

W. H. Martin 

717. Ice cream volume forges ahead. Anony- 
mous. Ice Cream Trade J., 45, 7: 52, 91. July, 
1949. 

The volume of ice cream made in May, 1949, 
was 55,770,000 gal., representing an increase of 
3% over May, 1948. Pennsylvania and New York 
were 8 and 10% ahead of last year. Massa- 
chusetts, up 12%, Indiana 9%, Michigan 11%, 
Washington State up 31%, and Oregon up 24%, 
were other states showing substantial increases. 
Production for the first 5 mo. was 204,450,000 gal. 
or 3% below 1948. W. H. Martin 

Also sec abs. no. 674, 686, 687, 688, 689, 690. 

MILK AND CREAM 

P. H. TRACY, SECTION EDITOR 

718. Tank truck hauling of milk from farm to 
plant. D. C. Lightner, Creamery Package Mfg. 
Co., Chicago, 111. Milk Dealer, 38, 8: 42-43, 
98-100. May, 1949. 

Tank truck hauling of milk from farm to plant 
is practiced on the West Coast, especially in Cali- 
fornia, where the milking herds arc large. The 
Bryant and Chapman Dairy of Hartford, Conn., 
is .successfully using the sy.stem with smaller herds. 
Before buying a tanker the processor should de- 
termine the number of producers on or near a 
good highway, accessibility of the milk-house for 
loading the tanker and to the highway, electric 
power for refrigeration, and whether or not the 
quality of the milk produced on a farm is suf- 
ficiently uniform so that it is safe to mix it with 
other milk. Methods of cooling and storing the 
milk on the farm are discussed. It is believed 
that this method of transporting milk from the 
farm will grow and spread and that it may, in 
time, revolutionize milk production by eliminating 
the small inefficient producer. The processors 
apparently like it because it gives them control of 
the quality of the milk and producers like it be- 
cause they have control over weighing and the 
taking of samples. C. J. Babcock 

719. Canned fresh milk is a fact. W. Rudolph. 
Am. Milk Rev., 11, 5: 2, 3, 53. May, 1949. 

A method for canning milk immediately after it 
is drawn from the cow and pasteurized is described 
as the Stambaugh-Graves method, named for the 
2 men who developed the process. It includes 
drawing the milk by vacuum (milking machines) 
to a glass weighing jar, from whence additional 


vacuum draws it to a storage vat. The milk then 
is homogenized at drawing temperature, followed 
by preheating to 190® F, The next step is heat- 
ing in a special-type exchanger to 260® F. for 19 
sec., after which the milk is placed in lacquered 
cans. The filled cans are sterilized {no informa- 
tion on this process is given). Nitrogen gas is 
used to blanket milk that otherwise would be ex- 
posed to air. Economics in marketing milk are 
claimed if the pilot plant scale operation can be 
adapted to commercial scale production. Dis- 
tribution to areas where milk is not readily avail- 
able would be possible. D. J. Hankinson 

720. Ready-to-iise whipped cream in cans. 

Anonymous. Milk Dealer, 38, 9: 46, 90-91. 
June, 1949. 

The sale of whipped cream in single metal con- 
tainers is producing a profit for a growing number 
of distributors of this product. Experiences in 
several markets arc related. The mix is made up 
w'ith cream, vegetable stabilizer, condensed skim- 
milk (for additional milk solids), sugar and pure 
vanilla for flavor. The mix is standardized to a 
30% butterfat content and pasteurized the same 
as an ice cream mix is pasteurized. The whipped 
cream containers are a 12 oz. size and arc filled 
with 7 oz. of mix. The can is then charged with 
a combination of nitrous oxide and carbon dioxide 
gas. C. J. Babcock 

Also see abs. no. 651, 652, 658, 660, 670, 672, 
679, 681, 682, 690, 691, 692. 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

721. Use of L-thyroxine by mouth for stimu- 
lating milk secretion in lactating cows. G. L. 
Bailey, S. Bartlett and S. J. Folley. Nature, 
163, 4151: 800. 1949. 

Daily oral dossages per cow of 25, 50, 100 and 
150 mg. L-thyroxine and 1500 mg. iodo-casein 
resulted in a milk yield after 3 wk. of 1.6, 3.6, 5.9, 
6.3 and 4.3 Ib./cow/day. The heart rate in- 
crease after 3 wk. was 5.2, 8.7, 15.5, 21.5 and 11.2 
beats/cow/min. The 150 mg. dosage appeared 
excessive as indicated by sweating of the cows 
after 2 wk. There is some indication that the 
published estimates of the thyroxine content of 
iodo-casein are in error or that the efficiency of 
oral utilization of thyroxine in iodo-casein is 
much lower than that of the hormone. The 
oral/parcnteral ratio for L-thyroxine in the cow 
is about 16:1. R. Whkaker 

722. Observatioiis on the effects of prqpartal and 
postpartal estrogens and progesterone treatment 
on lactatimi in rat. S. M. Walker and J. L 
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Matthews, Washington Univ. School of Medi- 
cine, St. Louis. Endocrinology, 44, 1: 8-17. 
Jan., 1949. 

Attempts were made to inhibit lactation in in- 
tact and in ovariectomized rats using the growth 
rate of nursing young as a measure of milk secre- 
tion rate. Treatment with 200 y of estrone or 
dicthylstilbestrol dipropionatc daily begun on 2nd 
d. of lactation did not inhibit secretion in ovar- 
iectomized rats; 5 and 10 y daily of estrone in- 
hibited lactation in intact rats 10 to 12 d. after 
the beginning of treatment. Lactation inhibition 
induced by 1 mg. of diethylstilbcstrol dipropion- 
atc, both in intact and ovariectomized rats, was 
accompanied by marked loss of weight of the 
mothers and was interpreted as a toxic effect. 
Prepartal injection of estrone did not prevent the 
initiation of lactation in either intact (25 y and 
100 y) or ovariectomized (25 y) rats; it did pro- 
duce a delayed depression in intact rats. Daily 
prepartal treatment with progesterone, 2.5 mg. 
and 5 mg., neither prevented nor inhibited lacta- 
tion. Simultaneous injection of estrone and pro- 
gesterone, begun either prepartally or postpartally, 
did not prevent lactation but it did inhibit estab- 
lished lactation after 10 to 12 d. of treatment. 
The stimulation of mammary growth by the com- 
bined action of estrone and progesterone was 
thought to play a role in the inhibition of milk 
secretion in the rat. R. P, Reece 

723. Effects of restricted feed intake in intact 
and ovariectomized rats on pituitary lactogen and 
gonadotrophin. J, Meites and J. O. Reed, 
Michigan State College, East Lansing. Proc. Soc. 
Exptl. Biol. Med., 70, 3; 513-516. Mar., 1949. 

Forty-eight intact female rats (200 g.) and 35 
rats (230 g.) which had been ovariectomized 
about a month previous were used in the study. 
They were divided into 5 groups: ad libitum, 

J, i and no-feed regimes. The unfed groups were 
killed at the end of 7 d. and all other groups at 
the end of 14 d. Assays showed a pituitary 
lactogen content in intact and ovariectomized rats 
on the J, J, and no-feed regimes below that of the 
% and full-fed controls. No change was observed 
in the gonadotrophic content of the pituitaries 
of either the intact or ovariectomized rats, regard- 
less of the level of feed intake. In the intact, but 
not in the ovariectomized rats, restricted feed in- 
take caused a marked reduction in the weights of 
the pituitary, thyroid and adrenals, except that on 
the no-feed regime adrenal weight was increased 
in both groups. R. P. Reece 

724. llie effects of estrogen on mammary struc- 
ture of adrenalectomized and thiouracil treated 
castrate rats. R. F. Johnston and J. F. Smith- 
coRS, Michigan State College, East Lansing. En- 
docrinology, 43, 4; 193-201. Oct., 1948. 


Seventy-two albino rats were castrated at 3 wk. 
of age and placed into 8 groups. They received, 
ad libitum, a ration for laboratory animals and 
were maintained at constant temperature (76® F.) 
and humidity. Adrenalectomy, thiouracil treat- 
ment and estrogen treatment either alone or in 
various combinations were carried out when the 
rats were of similar age. Comparison on the 
basis of estrogen treatment was made on litter 
mates. Adrenalectomized rats received drinking 
w^atcr that contained 1% NaCl. Thiouracil was 
fed at the rate of 0.1% in the feed for 45 d. The 
estrogen dicthylstilbestrol was injected subcutan- 
eously at the rate of 10 y daily during the last 10 
d. of the experimental period. The rats were 
.sacrificed the day after the last injection. The 
right abdominal mammary gland was removed, 
stained in toto with Harris’s hematoxylin, and ex- 
amined. At autopsy examination was made for 
the presence of cortical ti.ssue. Thiouracil feed- 
ing resulted in a shortened and thickened mam- 
mary duct s>'stem. Estrogen and thiouracil treat- 
ment produced a mammary gland showing 
shortened and thickened ducts and considerable 
lobule-alveolar development. Rats that had been 
adrenalectomized for 55 d. had long atrophic 
ducts. Estrogen treatment and adrenalectomy 
produced mammaiy’ glands that were extensive in 
area and lobule-alveolar development greater than 
that of estrogen-treated, castrated rats. Adrena- 
lectomy and thiouracil feeding resulted in mam- 
mary glands with a ver>’ short atrophic duct .sys- 
tem. The addition of estrogen resulted in a 
mammary gland with a .short thick duct .system 
and considerably more lobule-alveolar develop- 
ment than any other group. R. P. Reece 

725. Changes in the distribution and concentra- 
tion of alkaline phosphatases in tissues of the rat 
after hypophysectomy or gonadectoniy, and after 
replacement therapy. E. W. Demp.sky, R. O. 
Greep and H. W. Deane, Harvard Univ., Cam- 
bridge, Mas!.s. Endocrinology, 44, 1: 88-103. 
Jan., 1949. 

It was shown that after cither hypophysectomy 
or gonadcctorny, phosphatase persisted in the 
mammary glands of rats, although in reduced 
amounts. It was thought, therefore, that the 
enzyme activity of the mammary gland docs not 
depend completely upon the hormonal stimuli 
emanating from the hypophysis or ovaries. 

R. P. Reece 

Also .sec abs. no. 704, 733. 

NUTRITIVE VALUE OF 
DAIRY PRODUCTS 

R. JENNESS, SECTION J^DITOR 

726. Comparative nutritive value of butter and 
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vegetable fats under conditions of low environ- 
mental temperature. B. H. Ershoff^ J. N. 
Pagones and H. J. Deuel, Jr., Emory W. Thurs- 
ton Lab. and Univ. of Southern California School 
of Medicine, Los Angeles. Proc. Soc. Exptl. Biol. 
Med., 70, 2: 287-290. Feb., 1949. 

The nutritive value of fats was determined 
under the stress of low environmental temperature. 
Immature female rats were raised to maturity in 
a large walk-in refrigerator at a temperature of 
2 ± 1.5® C. and under standard laboratory condi- 
tions at an average temperature of 21 ±2® C. 
Purified rations were fed differing only in source 
of fat. The fats employed were cottonseed oil, 
com oil, margarine fat and butterfat. Body 
weight gain was significantly reduced in all rats 
under cold room conditions. The gains in body 
weight on the various diets were not significantly 
different, either under cold room or room tem- 
perature conditions. R. P. Reece 

Also see abs. no. 666. 

PHYSIOLOGY AND 
ENDOCRINOLOGY 

R. P, REECE, SECTION EDITOR 

727. The relative growth of the thyroid gland 
in the bovine fetus. C. W. Nichols, Jr., I. L. 
Chaikoff and j. Wolff, Univ. of California 
Medical School, Berkeley. Endocrinology, 44, 6: 
502-509. June, 1949. 

Thyroid gland growth, in relation to body 
weight, body length and age, was inve.stigated in 
the bovine fetu.s from 62 d. to term. Fetal age was 
calculated from 4 parameters: (a) body weight, 
(b) crown-rump lejigth, (c) chest circumference, 
and (d) abdominal circumference. A total of 121 
bovine fetuses was obtained from dams chiefly of 
the Hereford breed. The simple allometry equa- 
tion y = bx*' was found to fit the data for thyroid 
gland growth in relation to body weight, body 
length and age. The relative growth constant 
{k) for thyroid weight against lx)dy weight was 
found to be 1.0, thus indicating that thyroid 
weight in the fetus was nearly proportional to body 
weight within the limits of the empirical formula. 
Percentage growth rates were found to decrease 
with increasing age. R. P. Reece 

728. The accumulation of thyroxine-like and 
other iodine compounds in the fetal bovine 
tfayrmd. J. Wolff, I. L. Chaikoff and C. W. 
Nichols, Jr., Univ. of California Medical School, 
Berkeley. Endocrinology, 44, 6: 515-519. June, 
1949. 

A total of *96 thyroids was obtained from 
fetuses ranging in age from 53 d. to term. The 


fetuses were obtained from dams chiefly of the 
Hereford breed. Representative portions of most 
of the thyroid glands were hydrolyzed on a steam 
bath for 12 hr. in 2N NaOH. A suitable aliquot 
of the hydrolysate was analyzed for thyroxine-like 
and non-thyroxine iodine. Measurable amounts 
of iodine first were detected in the fetal thyroid at 
60 d. of age. The iodine content of the fetal 
thyroid increased steadily with increasing body 
weight, crown-rump length and calculated age; 
this increase in iodine content was greater than 
could be accounted for by mere increase in thyroid 
mass. The percentage of total iodine present as 
inorganic was similar to that observed in the adult 
thyroid gland. Thyroxine-like iodine increa.scd 
.steadily in the gland and the rate at which this 
fraction accumulated was shown to bear an ex- 
ponential relation to body weight, body length 
and calculated age. R. P. Reece 

729. Oral effectiveness of d,l-thyroxine in crys- 
talline, monosodium and disodium forms. R. A. 
Monroe, and C. W. Turner, Univ. of Mo., 
Columbia. Am. J. Physiol. 156, 3: 381-386. 
Mar., 1949. 

An alkaline solution of thyroxine is more readily 
absorbed when given orally than is thyroxine when 
administered in a solid form. Earlier work in 
comparing the oral effectiveness of various forms 
of thyroxine has been confusing because within 
given experiments the salts and crystalline form 
of thyroxine have not always been compared in 
the same physical state. I'he present authors 
eliminated these solubility differences by admin- 
istering crystalline and the mono- and disodium 
salts of d,l-thyroxinc all in the solid .state. Work 
was done on the chick. 

Using a biological assay already described (Mo. 
Res. Bull. 392) these workers found the mono- 
and disodium thyroxine po.s.ses.sed equal oral ef- 
fectivene.ss and both of these forms were twice as 
active as the pure crystalline form. Approx- 
imately 20% of the crystalline form was absorbed 
and 45% of each of the sodium salts was absorbed. 

V. Hurst 

730. Antithyroid activity of ergothioneine. M. 
L. Wilson and D. A. McCJinty, Parke, Davis, 
and Co., Detroit, Mich. Am. J. Physiol., 156, 3 : 
377-380. Mar., 1949. 

Ergothioneine, the methyl betaine of mcrcaptoi- 
midazole, is a constituent of normal blood, lliere 
has been some evidence to show that it possesses 
an antithyroid activity. 

The present authors compared the antithyroid 
activity of ergothioneine to thiouracU in the rat 
and monkey. Measurements in the rat included 
thyroid weight, thyroid I concentration, and the 
absorption of radioiodine by the thyroid glands. 
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In the monkey the absorption of radioiodine by 
the thyroid was studied. The ergothioneine, in 
large dosages, exhibited no antithyroid activity. 

V. Hurst 

731. Effects of alloxan administration in the 
calf. E. L. McCandless and J. A. Dye, Cornell 
Univ., Ithaca, N. Y. Am. J. Physiol., 156, 3: 
355-360. Mar., 1949. 

Four Guernsey bull calves, 2-3 wk. of age, were 
used in this experiment, following a control pe- 
riod, the animals were injected intravenously w4th 
varying dosages of alloxan monohydratc (East- 
man) in a 5% aqueous solution. Diabetes did 
not develop in these calves as measured by blood 
glucose. The beta cells of the islets of Langer- 
hans, usually destroyed in other species by alloxan 
injections, were not injured in 2 of the 3 calves 
which survived the experiment. Severe renal 
damage was present in all animals. V. Hurst 

732. Pancreatic diabetes in the calf. E. T. 
Cook, J. A. Dye and E. E. McCandless, Cornell 
Univ., Ithaca, N. Y. Am. J. Physiol., 156, 3: 
349-354. Mar., 1949. 

I'hrec male calves, 2-3 wk. of age, were used in 
the.se experiments. Preliminary determinations 
vNcrc made of blood and urine glucose, urinar> 
nitrogen and urinary ketone lx)dies. The diet 
consisted of w-holc milk and this was supplemented 
with pancreatin (Merck) following pancreat- 
ectomy at 5-7 wk. of hge. Pancreatectomy re- 
sulted in hyperglycemia which varied in direct 
proportion according to food intake. After the 
animals w'crc fasted, hypoglycemia occurred more 
rapidly and was more extreme in depancreatized 
animals as compared to the controls. 

Although both fed and fasted normal calves ex- 
hibited traces of glucose in the urine, the de- 
pancreatized calves showed high urine glucose 
levels which, how'ever, fell sharply following fast- 
ing. Urinar>’ nitrogen in both normal and de- 
pancreatized animals increa.sed when they were 
fed, but follow'ing fa.sting the urinary nitrogen in- 
creased in the controls whereas it declined in the 
depancreatized calves. The increase in endo- 
genous gluco.se from protein is slight in the de- 
pancreatized animals as compared to the controls, 
since the amount of nitrogen found in the urine 
is an index of the amount of gluconcogcnesis 
taking place. 

Gluconeogcnesis can account for only a small 
portion of the hyperglycemia produced in the de- 
pancreatized calf, and the chief factor in pro- 
ducing diabetic hyperglycemia in the calf is de- 
creased glucose utilization. Diabetes did not 
greatly increase the fat metabolism and glucose 
tolerance was lowered both by fasting and by 
pancreatectomy. V. Hurst 


733. Vitamins A and C concentrations in the 
blood plasma of ewes, their milk, and in the blood 
plasma of their iambs. A. L. Pope, P. H. Phii.- 
ups AND G. Bohstedt, Univ. of Wisconsin, Madi- 
son. J. Animal Sci., 8, 1 : 57-66. Feb., 1949. 

No significant drop in blood plasma Vitamins 
A and C immediately before or following parturi- 
tion was noted in 18 grade ewes maintained on 
practical rations of alfalfa-bromc gra.ss hay and 
grain concentrate. Blood plasma levels of both 
the.se vitamins were highest during lactation. 
Blood plasma Vitamin A of lambs at birth aver- 
aged 6 y/100 ml., increased to 20 y with 30 hr. 
after birth, and ranged from 20-33 y/100 ml. in 
the 13 w'k. period following. Blood plasma Vita- 
min C was low in lambs at birth, decrea.sed in the 
subsequent 4 d., then increased to a normal range. 

Colostrum contained from 6 to 7 times as much 
Vitamin A as later milk. The Vitamin C con- 
tent of colostrum did not vary from that of normal 
milk. No carotene was found in the plasma or 
colostrum of the ewes. F. C. Fountainc 

734. Transmethylation of guanidoacetic acid in 
beef liver autolyzates. T. I.. Sourkes. Gomcll 
Univ. Arch. Biochem., 21, 2: 265- 272. Apr., 
1949. 

Beef liver blended in an ice water-toluene mix- 
ture and autolyzed at 20° G. for 20 hr. contain.s 
an enzyme system capable of forming creatine 
from guanidoacetic acid in the presence of 
methionine. Both ATP and oxygen are necessary 
for the symhe.sis of creatine. Boiled liver juice 
has an activating effect while sodium taurocholate 
and creatine inhibit the transmethylation of guani- 
doacctic ai id. H. J. Peppier 

735. A polysaccharide related to the blood group 
substances and its reaction with borate. 1. A 
study by electrophoresis. L. E. Krejci, L. 
Sweeny and C. A. Zittle, Biochemical Research 
Foundation, Newark, Del. Arch. Biochem., 22, 
2: 253-361. June, 1949. 

A polysaccharide isolated from calf intestinal 
mucosa reacts with borate solutions to form diol- 
borate compounds of increased acidity and optical 
activity. The electrophoretic mobility of the 
polysaccharide, .serologically related to the blood 
group A sub.stancc and known to contain L-fucosc 
and D-ga lactose, was determined in both borate- 
free solutions and in solutions of buffer salts 
w'holly or partially replaced by borate-boric acid 
mixtures* Increases in mobility paralleled a 
sharpening of the electrophoresis boundaries. 
The concentration of diol-borate is dependent 
upon the concentrations of both polysaccharide 
and borate ions. The degree of ionization of the 
diol-borate compounds i.s affected^ by pH. 

H. J. Peppier 
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736. A material in bovine stomadu related to 
blood group B substance. S. M. Beiser and £. 
A. Kabat, Columbia Univ. and Presbyterian 
Hospital, N. Y. J. Am. Chcm. Soc., 71, 6: 2274. 
June, 1949. 

As determined by hemagglutination>inhibition 
tests, substances with either blood group A, B, O, 
AO or BO can be obtained from different individ- 
ual bovine stomachs. Analysis of purified sub- 
stances reveals 5-7.2% nitrogen, 51-^^ reducing 
sugar (as glucose after hydrolysis), 23-34% hexos- 
amine and 1. 5-5.2% methylpentose. Except for 
their higher content of methylpentose, hog and 
human substances have a similar composition. 
Blood group B activity was 1-5% the activity of 
B substance from human saliva or horse stomach. 
Extensive but incomplete cross reactions occurred 
between bovine B substances and anti-horse B, 
showing a higher capacity to precipitate anti-B 
than would be expected from observations of the 
hemagglutination-inhibition test. H. J. Peppier 

737. The fractination of bovine serum proteins 
by electrophoresis-convection. J. R. Cann, R. 
A. Brown and J. G. Kirkwood, Calif. Inst, of 
Technol., Pasadena. J. Am. Chera. Soc., 71, 5: 
1609-1614, May, 1949. 

The applicability of the electrophoresis-convec- 
tion technique as a tool in the fractionation of 
naturally-occurring inhomogeneous proteins was 
demonstrated by the partial fractionation of 
bovine serum, 7-Globulins of 96% purity and 
jS-globulins of 71% purity were separated from 
the fresh serum of a Hereford cow. Considerable 
separation of y^- and Y2-globulin was also ob- 
tained. The clcctrophoresis-convcrtion method 
is considered to be a fractionation tool of great 
importance, because large quantities of materials 
can be fractionated with high efficiency in a single 
nm with relative ease of manipulation ahd econ- 
omy of time. H. J. Peppier 

Also see abs. no. 635. 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

738. Report on sediment tests in milk and 


cream. C. R. Joiner, Food and Drug Admin., 
Federal Security Agency, St. Louis, Mo. J. Assoc. 
Offic. Agr. Chemists, 32, 2; 324-330. 1949. 

A modified method for the preparation of 
standard sediment discs using cow manure, gar- 
den soil and charcoal is proposed. It gave repro- 
ducible results with a given sediment mixture. 
Differences in appearance of pads prepared from 
sediment mixtures from different sections of the 
country were encountered. F. J. Babel 

739. Report on DDT as spray residue on foods. 

R. H. Carter, Bur. of Entomology and Plant 
Quarantine, Agr. Res. Admin., USDA, Beltsvillc, 
Md. J. Assoc. Offic. Agr. Chemists, 32, 2: 353- 
359. 1949. 

Two methods were recommended to be adopted 
tentatively for determination of DDT residues in 
plant and animal materials; (a) determination of 
total organic chlorine content by the .sodium and 
isopropanol method, (b) colorimetric determina- 
tion based on the nitration of the compound and 
development of a blue color by sodium methylate. 
A procedure is given for extraction of DDT from 
milk samples before using the regular procedures. 

F. J. Babel 

740. Semi-micro phenol coefficient methods for 
testing quaternary ammonium disinfectants. G. 

S. Warner and M. J. Pelczar, Jr., Univ. of Md., 
and L. S. Stuart, Production and Marketing 
Admin., USDA, Washington, D. C. J. Assoc. 
Offic. Agr. Chemists, 32, 2 : 401-408, 1 949. 

A *scmi-jrnicro phenol coefficient method for 
determining germicidal potency of quaternary 
ammonium compounds is described. The method 
makes use of trypticase broth. Results show the 
minimum lethal concentration found by the semi- 
micro procedure was considerably lower than 
when the A.O.A.C. method was used. Critical 
quaternary ammonium germicide concentration 
killing times could be established more easily by 
the semi-micro procedure than by the A.O.A.C. 
technic. , F. J. Babel. 
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ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

741. BnicelU infectioiis. F. M. Pottinoer^ Jr., 

I. Aluson and W. a Albrecht. Merck Re- 
port, 58, 3: 13-14. July, 1949. 

Enterically coated tablets containing 2 g. Mn, 
2 mg. Cu, 2 mg. Co., 60 mg. Mg and 15 mg. Zn 
were taken by humans at the rate of not more 
than 3/d. in conjunction with carefully regulated 
high-protcin, low-sugar diets for 12 wk. or more. 
Many cases of relief from symptoms and improve- 
ment of blood picture are reported. Trace ele- 
ment administration to a herd of cattle is re- 
ported to have increased the number of viable 
calves, increased milk production and improved 
the breeding record. Data arc not presented. 

F. E. Nelson 

742. Die milk ring test for detecting Brucella 
agglutinins in cow's milk. I. F. Huddleson and 
G. Carrillo, Michigan State College, East Lans- 
ing. Vet. Med., 44, 6: 240-243. June, 1949. 

A complete description is given for the prepara- 
tion of Brucella antigen for the detection of 
Brucella agglutinins in milk by the Fleishhauer 
ring test. A transparent plastic block bored with 
0.25 in. holes serves as test tubes and rack. Soda 
straws were used instead of glass pipettes. The 
milk samples mixed with antigen are incubated 
at room temperature and the test read 1 to 6 hr. 
later. The ring test may be a valuable aid in con- 
junction with the blo^ agglutination test for 
detecting brucellosis. B. B. Morgan 

743. Procaine penidUin G levels in udder dur- 
ing treatment of chronic mastitis. W. D. Bolton, 

J. M. Frayer, J, H. Cady and E. F. Waller, Ver- 
mont Agr. Expt. Station, Burlington. Vet. Med., 
44, 6: 244-245. June, 1949. 

Twenty-eight cows infected with mastitis were 
divided into 3 groups and treated with procaine 
penicillin G bougies. Of these groups, 18 re- 
ceived 23,000 units/quarter, 6 received 50,000 
units and 6 received 75,000 units. A total of 


112 quarters were treated. Milk samples for 
bacterial colony counts and penicillin assays were 
collected before treatment and 1, 4, 6 and 8 hr. 
after treatment. The number of colonies were 
reduced from a maximum of 36,000 to 10 and 
the maximum number of units of penicillin/ml. 
dropped from 225 to 10/quarter. The amount 
of penicillin remaining at the end of 8 hr. was in 
excess of that required to inhibit streptococci. 

B. B. Morgan 

744. Aureomycin in the treatment of staphylo- 
coccic mastitis in cows. E. C. McCulloch, J. 
S. Kiser and H. Migaki, Washington State Col- 
lege, Pullman. Vet. Med., 44, 6: 253-258. June, 
1949. 

A group of 16 cows representing 61 staphylo- 
coccic mastitis infected quarters was treated. 
Three cows received 100 mg. of aureomycin in 
20 ml. sterile salinc/quartcr; 3 others received 
100 mg. in 7.5 g. of an ointment base (10% 
lanolin, 22.5% mineral oil and 67.5% white 
petrolatum). Additional treatments were given 
to several flare-up cases. Twenty-four quarters 
were treated with 12 quarters (50%) apparently 
cured. A second group of 6 cows was treated 
with 150 mg. of aureomycin in 30 ml. sterile 
saline/quartcr by intramammary infusion. The 
treatment was repeated after 48 hr. Four cows 
received sulfamethazine orally. Of 23 quarters 
involved, 60.8% were cured. The last group of 
4 cows was given 200 mg. of aureomycin in 15 g. 
of ointment; treatment was repeated at 72 hr. 
Of 14 quarters treated, 12 (85.7%) apparently 
were cured. Assays of aureomycin in the milk 
revealed between 12 to 50 y/ml. at 24 hr., 6 to 
25 at 48 hr. and 1 to 2 y at 72 hr. No evidence 
of irritation or reduction in milk flow due to the 
drug was observed. B. B. Morgan 

745. PreUminary report on use of sulfamethazine 
and penicillin in bovine mastitis. R. W. Fuller, 
State Institution Farms Bureau, Batavia, N. Y. 
Vet. Med., 44, 3: 103-107. Mar., 1949. 

Infected quarters of approximately 127 cows 
were determined by physical examination, strip 
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cup and bromthymol blue tests. The routine 
treatment was the infusion into each infected 
quarter of 50 ml. of a 10 to 25% sterile solution 
of sodium sulfamethazine by weight/volume with 
25,000 or 50,000 units of penicillin. Two in- 
fusions at 24 hr. intervals or 4 infusions at 12 hr. 
intervals were given. A 94.6% clinical recovery of 
mastitis by the sulfamethazine-penicillin treatment 
was obtained. Milk was available for human con- 
sumption 3 to 5 d. after treatment. Toxic symp- 
toms or udder irritation were not observed. 

B. B. Morgan 

746. Mastitis in dairy cattle. J. W. Cunkel- 
MAN, Fort Dodge, Iowa. Vet. Med., 44, 5 : 207- 
209. May, 1949. 

A brief review of mastitis pointing out that 
during the past 1.5 yr. most of the research has 
been toward treatment of the disease. Various 
control measures are discussed. B. B. Morgan 

747. Veterinary practitioners and community 
health. J. H. Steele, U. S. Public Health Serv- 
ice, Atlanta, Ga. Vet, Med., 44, 5: 192-195. 
May, 1949. 

A brief review of the health policies involving 
man and animals in the United States is pre- 
sented. Emphasis is placed on the role of the 
veterinarian in regard to milk sanitation and food 
inspection. The U.S.P.H.S. has established vet- 
erinary research units in research and communi- 
cable disease control. The main objectives of this 
program are the pasteurization of dairy products 
from disease free animals and veterinary inspec- 
tion of all meat and dairy products. 

B. B. Morgan 

748. Diagnosis and control of mai^;e ii^ dairy 
cattle. H. H. Sghwardt, Cornell Univ., Ithaca, 
N. Y. J. Econ. Entomol., 42, 3 : 444-446. June, 
1949. 

Dairy cattle mange diagnosis during early 
stages is important. Then prompt treatment 
can prevent serious damage. Cattle died from 
mange; others lost condition and fell far below 
normal production. In the north most serious 
cases occur during cold weather. 

Mange may be confused with several other 
skin disorders. Definite diagnosis may be made 
by microscopic examination of deep skin scrap- 
ings at the edges rather than the center of active 
lesions. Scrapings must be deep enough to draw 
blood if sub-dermal Sarcoptic mites are to be 
found. Technic for concentrating a possibly few 
mites is described. There is discussion of Sarcop- 
tic, Gluorioptic, {'soroptic and Demodectic mites. 

pressure (400 lb.) spraying equipment 
with at least 2 gal/animal, for coverage of all 


external body parts, is described. Four applica- 
tions at we^ly intervals with either (a) lime 
sulphur solution at 1:15 dilution, or (b) 20 lb. 
wcttable sulphur in 100 gal. water gave mange- 
free herds 8 mo. after treatment. Benzene hexa- 
chloride was used, but no conclusive control evi- 
dence presented. 

Milk from cattle sprayed with 6 lb. of 6% 
gamma benzene hexachloride/100 gal. water con- 
tained about 4 p.p.m. of benzene hexachloride 
a few hr. after treatment. No residue was de- 
tected after about 1 wk. E. H. Fisher 

749. Poisoning of farm animals by the marsh 
ragwort. W. C. Evans and E. T. R. Evans. 
Nature, 164, 4157 : 30. 1949. 

The death of cows, horses, etc. on pastures or 
cured hay containing marsh ragwort (Senecio 
aquaticus) is caused by an alkaloid named aquati- 
cinc by the authors. R. Whitaker 

BUTTER 

O. F. HUNZIKER, SECTION EDITOR 

750. Observations on butteroil. C. W. Decker, 
State College of Washington. Natl. Butter 
Cheese J., 40, 8: 32-34. Aug., 1949. 

A description of the American method of proc- 
essing butteroil from cream and the Australian 
and New Zealand method of processing it from 
butter is given. A high quality cream is essential 
to avoid off-fiavors in the finished product. A 
good quality butteroil can be made from butter of 
low quality caused by physical defects, high free 
fatty acids, neutralization or protein decomposi- 
tion. Butteroil of satisfactory quality cannot be 
made from butter that is defective due to either 
metallic flavors, fishiness, tallowiness or excessive 
oiliness. Butteroil can be kept for a period up to 
a year at ordinary warehouse temperatures or for 
a longer period if held at 0° F. This product 
may be used for almost any food product where 
cream or butter is used. Butteroil may be used 
in the manufacture of preserved butters. An- 
other possible use is for overseas shipments as a 
source of butterfat in reconstituted milks. 

H. E. Calbcrt 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

751. Production of devitamiaized caseia by 
solvent extraction. S. M. Weisbbro and J. 
Greenspan (assignors to National Dairy Re- 
search Labs., Inc.). U. S. Patent 2,477,505. 6 
claims. July 26, 1949. Official Gaz. U. S. Pat. 
Office, 624, 4: 1211. 1949. 
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Casein is devitaminized by maintaining the pH 
in the range 4.7 to 6.0 and extracting the vitamins 
with methanol. R. Whitaker 

DAIRY ENGINEERING 

A. W. FARRALL. SECTION EDITOR 

752. Thermometer with mounting well. R. J. 
Winning (assignor to Sheffield Farms Co.). U. 
S. Patent 2,475,211. 3 claims. July 5, 1949. 
Official Gaz. U. S. Pat. Office, 624, 1 : 232. 1949. 

To overcome the delay in reaching the correct 
temperature of a thermometer inserted in a fixed 
well in the wall of pasteurizing and other tanks, 
vats, etc., 2 holes are provided in the well on the 
outside of the tank. One hole, located on the 
bottom side of the well is for draining while the 
other hole, located on top, is for introducing a 
liquid into the well to provide better contact 
between the thermometer and the well. 

R. Whitaker 

753. Meeker tube holder. H. J. Easton. U. S. 
Patent 2,477,366. 2 claims. July 26, 1949. Of- 
ficial Gaz. U. S. Pat. Office, 624, 4: 1175. 1949. 

An adjustable spring arm is attached to the 
handle of the milk receiver of a milking machine 
and holds the rubber tubes from dragging in the 
litter on the floor of the stall. R. Whitaker 

754. Hoist. S. H. Hall (assignor to DeLaval 
Separator Co.). U. S. Patent 2,476,192. 5 
claims. July 12, 1949. Official Gaz. U. S. Patent 
Office,624, 2: 615. 1949. 

This hoist is designed for lifting milk cans in 
dairy bams equipped with a vacuum line. The 
vacuum Is employed to operate a piston in a 
cylinder, which, through a system of pulleys, 
raises and lowers the milk can into cooling tanks, 
on tmeks, etc. The whole mechanism is mounted 
on a vertical cylindrical support fastened to floor 
and ceiling. R. Whitaker 

FEEDS AND FEEDING 

W. A KING, SECTION EDITOR 

755. The influence of com starch upon roughage 
digestion in cattle. W. Burroughs, P. Ger- 
LAUGH, B. H. Edgington AND R. M. Bethke, 
Ohio Agr. Expt. Station, Wooster. J. Animal Sci., 
8, 2: 271-278. May, 1949. 

The effects of adding varying amounts of 
mineralized starch to basal rations of either corn- 
cobs, alfalfa hay, or corncobs and alfalfa hay on 
the digestibility of the dry matter in the roughage 
were determined in 5 series of digestion trials. 


Apparent digestion of the dry matter of basal 
rations of corncobs, or of corncobs and alfalfa hay 
was decreased with each increment of starch. 
The addition of starch had no significant effect 
on the digestibility of the dry matter of alfalfa 
hay basal rations in one series. In 2 of the alfalfa 
hay series only slight decreases in dry matter 
digestibility were noted when starch was added 
to the ration. F. C. Fountaine 

756. The nutritive value of green berseem 
(Egyptian clover), hay and silage. A. Ghoneim, 
M. T. El-Katib and A. A. Badr. Fouad I Univ., 
Giza, Egypt. J. Animal Sci., 8, 2 : 279-285. 
May, 1949. 

Chemical analyses and digestion trials with 
sheep were used to determine the nutritive value 
of berseem (Trifolium alexandrinum) fed as 
fresh forage, hay and as silages made as follovrs: 
(a) untreated-unwiltcd, (b) 1% molasses, (c) 
wilted, and (d) A. I. V. The starch equivalent 
and digestible protein were higher in green ber- 
.seem than in hay or any silage. A. I. V. silage 
was superior to hay in starch equivalent and equal 
to hay in digestible protein. Hay was superior to 
silages made by other methods, in both starch 
equivalent and digestible protein. 

F. C. Fountaine 

757. The effect of crude soybean lecithin on the 
absorption and utilization of Vitamin A fed pre- 
partum to the ewe and sow. H. D. Eaton, J. A 
Chrlstun, F. C. Daugherty, A. A. Spielman 
AND L. D. Mattfrson, Univ. of Connecticut, 
Storrs. J. Animal Sci., 8, 2: 224-233. May, 
1949. 

Supplementation of a normal prepartal ration 
for sows and ewes with Vitamin A with or with- 
out soybean lecithin increased the Vitamin A 
content of the blood of the dams, and in the 
blood and livers of their offspring at birth and 
at 30 d, of age. The addition of lecithin to the 
Vitamin A supplement did not materially in- 
crease the content of Vitamin A in the blood or 
livers over that of animals receiving Vitamin A 
concentrate alone. F. C. Fountaine 

Also .see abs. no. 749. 


GENETICS AND BREEDING 

N. L. VAN DEMARK, SECTION EDITOR 

758. A study of the metabolic activity of bull 
semen and spermatozoa in relation to their fer- 
tilizing ability. D. Ghosh, L. f . Casida and H. 
A Lardy, Univ. of Wisconsin, Madison. J. Ani- 
mal Sci., 8, 2 : 265-270. May, 1949. 
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The respiration rate (cmm. of O, uptake/10^ 
cclls/hr.) of 4 mature Guernsey and 4 mature 
Holstein bulls ranged from 3 to 12.55, a lower 
rate than obtained in previous studies. There 
was no correlation between respiratory metabo- 
lism of spermatozoa and their fertility. 

F. C. Fountaine 

759. An hereditary digital anomaly of cattle. 
S. W. Meai), P. W. Gregory and W, M. Reoan, 
Univ. of California, Davis. J, Heredity, 40, 6: 
151-155. June, 1949. 

Hoofs that were small and slightly malformed 
were associated with probable modifications in 
the metacarpals, carpus and tarsus in 5 Jerseys of 
both sexes. Pain was manifested when affected 
animals were on their feet, with more discomfort 
in the fore than in the hind feet. The condition 
was observed at ages of 2 to 4 mo. and became 
progressively worse. Feeding, health and manage- 
ment all were excluded as possible causative fac- 
tors. All affected animals de.scended in one or 
more lines from each of 2 bulls that had a com- 
mon great-grandparent, A single autosomal re- 
cessive gene is indicated as the genetic condi- 
tioner for this anomaly. L. O. Gilmore 

760. Dwarf cattle for the tropics. C. G. Arril- 
LAOA, Univ. of Puerto Rico. J. Heredity, 40, 6: 
167-168. June, 1949, 

Proportionate dwarfism has been observed in a 
few cases in the cattle of Puerto Rico. Inherited 
dwarfism (recessive) is distinguished from the 
condition produced by environmental causes. 
The possible significance of genetic dwarfs pos- 
sessing high performance ability for use in the 
mountainous regions of tropical America is in- 
dicated. L. O. Gilmore 

HERD MANAGEMENT 

H. A HERMAN, SECTION EDITOR 

761. MUking parlor. H. B. Babson and C. A. 

Thomas (assignors to Babson Bros. Go.). U. S. 
Patent 2,477,035. 7 claims. Jnly 26, 1949, Of- 
ficial Gax. U. S. Pat. Office, 624, 4; 1091. 1949. 

This milking parlor is characterized by having 
the cows on a level above the operator’s floor for 
convenience in milking. R. Whitaker 

762. Stock watering fountain. A. F. Kunzing. 
U. S. Patent 2,476,876. 1 claim. July 19, 1949, 
Official Gaz. U. S. Pat. Office, 624, 3 : 906. 1949. 

A bowl shaped fountain for watering farm 
animal?, such as cows. A hinged member, de- 
pressed by the animal’s nose, actuates a valve 
and admits water to the bowl. R. Whitaker 


ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

763. Carton. B. A. Rafoth (assignor to Mara- 
thon Corp.). U. S. Patent 2,475,294. 1 claim. 
July 5, 1949. Official Gaz. U. S. Pat. Office, 
624, 1: 254. 1949. 

A paper carton for ice cream and other food 
products similar in shape to the regular pail 
type container with a spoon or dispensing imple- 
ment held to the top cover by an extension panel, 
so cut and folded to both hold the spoon and 
lock the cover of the carton. R. Whitaker 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

764. The effect of the plane of nutrition on the 
composition of sow’s colostrum and milk. J. P. 
Bowland, R. R. Grummer, P. H. Phillips and 
G. Bohstedt. Univ. of Wisconsin, Madison. J, 
Animal Sci., 8, 2: 199-206. May, 1949. 

Colostrum from sows fed on pasture during 
gestation was higher in fat, and lower in S.N.F., 
protein and lactose than that of sows carried on 
dry lot during gestation. There was no difference 
between groups in the T.S. and ash of the colos- 
trum. Milk sampled weekly from the 1st to the 
8th wk. from sows maintained on pasture was 
lower in T.S. but was not appreciably different 
in S.N.F., protein, ash and lactose than milk 
from sows fed on dry lot. No breed differences 
were noted. F. C. Fountaine 

NUTRITIVE VALUE OF DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

765. Tocopherol (Vitamin £) deficiency among 
sheep fed natural feeds. F. Whitino, J. P. Will- 
man and j. K. Loosu, Cornell Univ., Ithaca, 
N. Y. J. Animal Sci., 8, 2: 234-242. May, 1949. 

Colostrum and milk of ewes fed a prepartal 
ration of alfalfa hay and cull beans, even when 
supplemented with tocopherols, contained in- 
sufficient tocopherol to prevent stiff lamb disease. 
Administration of tocopherols to the lambs cured 
the condition. The incidence of muscle dys- 
trophy was higher in lambs of ewes fed a pre- 
partal ration including alfalfa hay than in those 
of ewes fed mixed or. grass hay. 

F. C. Fountaine 

766. Supplemented milk dieta lor yottag pigs 
in cages. J. A Weybrew, H. A Stewart, G. 
Matrons and W. J. Peterson. North Carolina 
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Agr. £xpt. Station, Raleigh. J. Animal Sci., 
8, 2: 207-223. May, 1949. 

Three whole milk diets supplemented with 
minerals and cod liver oil were compared for 
pigs from 2 d. to 8 wk. of age. When measured 
by growth, reconstituted whole milk solids was 
equal to reconstituted skim milk solids plus butter, 
and both were superior to evaporated milk. 
There was no difference in efficiency of the 3 
diets. Pigs on each of the 3 diets made better 
gains than those nursing well fed sows. 

F. C, Fountaine 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

767. Residual action of organic insecticides 
against stable flies. G. W. Eddy and W. S. Mc- 
Gregor^ U.S.D.A., Agr. Res. Adm., Bur. of En- 
tomology and Plant Quarantine. J. Econ. En- 
tomol., 42, 3: 547-548. June, 1949. 

Laboratory tests with 11 recently developed 
organic insecticides were made on stable flies to 
determine speed of knock-down and kill, and 
length of effectiveness. Screen cages were dipped 
in 1% solution of toxicant in acetone. One 
cage was held indoors while the other was ex- 
po.scd to the weather. Tests were made 1, 7, 14, 
50 and 126 d. after treatment. Flics were held 
in cages up to 48 hr., 

DDT and mcthoxychlor were fastest acting, 
and toxaphene and chlordan were slowest, in 
24 hr. check. Mcthoxychlor and the bromine 
analog of DDT were superior to others in knock- 
down and duration of effectiveness. Parathion, 
compound 118 and toxaphene retained toxicity 
longer than dichlorodiphenyl dichloroethane, 
gamma benzene hexachloride (95%), compound 
153, heptachlor or chlordan. E. H. Fisher 

768. Toxicity to house flies of synthetic com- 
pounds of the pyrethrin type in relation to chem- 
ical structure. W. A. Gersdorff, U.S.D.A., Agr. 
Res. Adm., Bur. of Entomology and Plant Quar- 
antine. J. Econ. Entomol., 42, 3: 532-536, 
June, 1949. 

Laboratory tests with house flies showed some 
new synthetic compounds related to pyrethrins to 
be more toxic than a mixture of pyrethrins con- 
tained in the ordinary pyrethrum-kcrosenc ex- 
tract. E. H. Fisher 

769. Fumigating properties of several new in- 
secticides. R. A. Hoffman and A. W. Lind- 
QtJtsT, U,S.D.A., Agr. Res. Adm., Bur. of En- 
tomology and Plant Quarantine. J. Econ. En- 
tomol., 42, 3 : 436-438. June, 1949, 


Laboratory tests with house flies showed several 
residual, contact insecticides to have a fumigating 
effect. A 100 mg. /ft.* treatment on the inside 
of wide-mouth qt. jars was made. Flies were 
held in similar untreated jars immediately above 
these for 6 hr. Benzene hexachloride, parathion, 
chlordan and fluorine analog of DDT caused 
complete kill of flies within 24 hr. after the 6 hr. 
exposure to their vapors. Toxaphene and TDE 
vapors gave high mortalities, but DDT killed 
none. A 10 mg. /ft.* treatment was also tested. 

E. H. Fisher 

770. The residual property of DDT as influenced 
by temperature and moisture* A. F. Burgess 
AND H. L. Sweetman, Univ. of Massachusetts. 
J. Econ. Entomol., 42, 3: 420-423. June, 1949. 

House fly mortality was used to measure the 
effects of moisture and temperature on DDT, ap- 
plied in kerosene solution to screens. Treated 
screens held at 37® C. and 60 to 75% relative 
humidity decreased in toxicity more rapidly than 
those held at 23® C. and 25 to 40% humidity. 

E. H. Fisher 

771. Failure of DDT to control houseflies. W. 
V. King and J. B. Gahan, U.S.D.A., Agr. Res. 
Adm., Bur. of Entomology and Plant Quarantine. 
J. Econ. Entomol., 42, 3: 405-409. June, 1949. 

House flies from several natural .sources, in- 
cluding dairy bams, were compared with lab- 
oratory-reared ones for resistance to some in- 
secticides. Laboratory tests with only 25 mg. 
DDT/ft.* of treated panel showed 70% mortality 
in 8 to 67 min. for flies from natural sources, and 
1.1 to 3.19 min. for laboratory flies. 

Chemical analysis of several DDT preparations 
revealed no inferior quality. Biological tests 
were not reported. 

With cage tests on dairy bam walls, variation 
in mortality showed uneven DDT application. 

Deposits of DDT, technical benzene hexa- 
rhloride, and partially refined benzene hexa- 
chloridc showed fly rrpellency when used at rates 
much greater than usually recommended, chlor- 
dan and mcthoxychlor did not. Tests indicated 
there was greater fly resistance to DDT than to 
mcthoxychlor, chlordan or benzene hexachloride. 

E. H. Fisher 

772. Insecticides and the food law. C. W. 
Crawford^ Deputy Commissioner of Food and 
Dmgs. J. Econ. Entomol., 42, 3 : 564-566. 
June, 1949. 

The Federal Food, Drug and Co.smctic Act of 
1938 prohibits interstate traffic in adulterated 
foods. Some adulteration tolcYances in or on 
foods are in effect, and others may be set, if it 
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can be shown that eudi substance is required 
in the production thereof or cannot be avoided 
by good manufacturing practice/* Interpreta* 
don of the Act indicates there should be insurance 
that the total of toxic substances in all items con- 
stituting our diets will be held at safe levels. 
This is in contrast to tolerance considerations re- 
garding safety of a single adulterated food. 

Since the advent of new insecticides^ beginning 
with DDT, information on public health prob- 
lems related to these materials has not kept pace 


with the development and use of them. In addi- 
don to proving chemicals which may be used in 
connection wi^ food production to have excellent 
insecticidal value, it is also necessary to devise 
quantitative analytical methods, determine tox- 
icity to man and other animals and determine the 
quantities to which man and other animals may 
he exposed. Among other answers needed are 
whether the insecticide is translocated in plants, 
excreted in milk of animals which consume It, or 
cumulative in animal tissue. E. H. Fidier 
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BOOK REVIEWS contents. It is reduced by heat treatment and 

^ . increased by addition of Gu or Fc salts which 
m on the of res^ in ^ o^^ized flavor development. The 

Irot|^d duniig the war. Chemical and phys* potential of butter plasma is high but its magni> 
i^mves^ations on dairy products. H. Eilers. to flavor of the butter. 

R. N. J. SaAi. and M. van dm Waamen. E1«- Van dcr Waarden praents evidence that fishy 
vier Publuhing Co., Inc., New York, N. Y. flavors in storage butter arise from oxidative proc- 
215 pp. $4.00. 1947. esses, rather than from hydrolysis of lecithin to 

This monograph, the 12th of the series which trimethylaminc. Attempts to isolate the off-flavor 
Elsevier is publishing on various aspects of Dutch compound (s) were unsuccessful, although such 
researcJi during the war, contains 3 treatises compound (s) were prepared in a highly con- 
summarizing the results of investigations on the centrated form. 

chemistry of dairy products which were carried l*his monograph contains much rather detailed 
out by the Amsterdam Laboratory of the N. V. dc- information that should be of considerable in- 
Bataafsche Petroleum Maatschappij at the in- tcrest to workers in the fields covered. It is 
stigation of the General Netherlands Dairy Union, well-organized and fairly well-written. The 
These results previously had been published in translation is not always as smooth as possible 
somewhat greater detail in Dutch by the authors and there are a number of errors, particularly in 
and their associates in Vcrslagcn Landbouw- spelling, but these defects do not detract greatly 
kundige Onderzockingen, vol. 50 and 52. The from the value of the book. The paper binding 
three topics discussed arc: (1) the colloid chem- is entirely inadequate. R. jenness 

i.stry of skim milk (Eilers), (2) the oxidation- 

reduction ^tential of milk and of butter plasma 774, Practical Dairy Bacteriology. Paol R. 
(Saal) and (3) the chemical proccs^ under- Ei.ukf.r. McGraw-Hill Book Co., Inc., New 
lying the deterioration of butter m cold storage york, N. Y. 391 pp. $4.00. 1949. 

(van dcr Waarden). 

Eilers discusses the composition, state, prop- This excellent elementary text and reference 
crtics and behavior of the colloidal micelles (Ca book prc.supposes no previous knowledge of cither 
caseinate-phosphate and serum protein) of sldm bacteriology or chemistry. The earlier portions 
milk. Tlic discussion of caseinate is by far the of the book are concerned wtih the simple funda- 
better; the section on milk serum proteins shows mentals of bacteriology, and subsequent chapters 
evidence of lack of access to foreign literature relate these fundamentals to the handling of the 
after 1940. Experimental data are presented on various dairy products. Considerable information 
the viscosity of skim milk and the effect of heat on the technology of the different dairy products 
treatment thereon, which is shown to involve the is presented in order that the science may be re- 
caseinate micelles and the serum proteins. The latcd intimately to the practice. References to 
behavior of milk upon concentration, both with more detailed treatments of the various topics arc 
and without the addition of sugar, is discussed in given at the end of each chapter and add con- 
detail, particularly with regard to viscosity and sidcrably to the usefulness of the book, 
distribution of phosphate among the phases. The style of writing used presents the material 

Saal*s chapter on oxidation-reduction deals in very understandable form with a minimum of 
with the factors determining the potential and with highly technical vocabulary. The illustrations 
the relation of changes in the potential to develop- arc unusually satisfactory and the captions are 
meat of oxidized flavors in milk. The potential much more explanatory than one encounters 
of fresh raw milk (average +0.27 v.) is deter- commonly; however, lack of an^ indication of 
mined principally by the oxygen and ascorbic acid magnifleation factor or other basis of size in or 
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with the photomicrographs of microorganisms is 
unfortunate in the opinion of the reviewer. The 
chapters on “Methods used to determine sanitary 
quality of milk and milk products” and “Cleaning 
dairy equipment” probably will be found partic- 
ularly useful by many, as these presentations fill 
a definite need in a very satisfactory way. 

F. £. Nelson 

775. Annual review of biochemistry, vol. XVIII. 
J. M. Luck, ed. Annual Reviews, Inc., Stanford, 
Calif. 739 pp. 1949. 

The chapters in this edition are: Biological 
Oxidations, by P. W. Preisler and F. E. Hunter, 
Jr.; Proteolytic Enzymes, by E. L. Smith; Non- 
oxidative, Nonproteolytic Enzymes, by K. Myr- 
back; Carbohydrate Chemistry, by D. J. Bell; 
Chemistry of the Lipids, by J. A. Lovcm; Chem- 
istry of Amino Acids and Proteins, by H. P. 
Lundgren and W. H. Ward; Nucleo proteins, 
Nucleic Acids, and Derived Substances, by J. N. 
Davidson; Metabolism of the Lipids, by A. L. 
Lehninger; Chemistry of Neoplastic Tissue, by 
E. Boyland; Metabolism of Proteins and Amino 
Acids, by A. Neuberger; Intermediary Metabolism 
of Phosphorous Compounds, by F. Lipmann and 
N. O. Kaplan; Carbohydrate Metabolism, by H. 
G. Wood and V. Lorber; Mineral Metabolism 
{Fluorine and Other Trace Elements), by J. F. 
McClure; Chemistry of the Hormones, by A. 
Wettstein and F. Benz; Fat Soluble Vitamins, by 
P. Ii. Harris; Water Soluble Vitamins, by E. L. R. 
Stokstad and T. H. Jukes; Nutrition, by A. Keys; 
Metabolic Inhibitors, by R. J, Winzlcr; Chemistry 
of Antibiotics, by O. Wintersteincr and J. D. 
I^tcher; Insect Biochemistry, by V. B. Wiggles- 
worth; Nitrogenous Constituents of Plants, by A. 
G. McCalla; Organic Acids of Plants, by T. A. 
Bennet-Clark; and Mineral Nutrition bf Plants, 
by C. H. Wadleigh. 

These reviews cover material appearing during 
late 1947 and nearly all of 1948, in many instances. 
However, where the subject has not been reviewed 
for some time or where the reviewer has employed 
an approach different from that used previously, 
the period covered may be considerably longer 
and extend back as far as 1940 in several cases. 
The quality of the reviews is what one has come 
to expect of this publication, and the same is 
true of the indices, format, etc. This is a very 
useful reference volume. F. E. Nelson 

776. Mamiale Lacds. M. E. Schulz and E. 
Vogel, cd. Verlag Hans Carl, Numberg, Ger- 
many (U. Si Zone). 1948. 

Nine sections of this publication have been re- 
ceive. Each sectjbn contains abstracts of origmal 


articles in that specific field, appropriate sub- 
sections being used for further classification. The 
sections available are: Milch in der Landwirt- 
schaft (Milk in Agriculture], Milch als Nahrungs- 
mittel (Milk as Food), Milc^ und Milchprodukte 
(Milk and Milk Products), Milch in der Molkerei 
(Milk in the Dairy), Butter und Fette (Butter and 
Fat), Kase (Cheese), Nebenprodukte (By-prod- 
ucts), Bau- und Maschinenwesen (Construction 
and Machinery) and Molkerei-Hilfstoffe (Dairy 
Supplies). Many of the abstracts are original, 
while others are copied from other abstracting 
sources. All abstracts are in German. The 
literature of the world seems to be covered quite 
well from the manufacturing side. Some of the 
articles abstracted date back to 1939 and quite 
a few war-time articles arc included. One ob- 
serves a number of errors which it is hoped can be 
reduced in future issues. Appearance of an in- 
dex will help to make the material more useable. 
Prices available for the individual sections range 
from 8.90 to 20.10 German marks. The nine 
sections available occupy 1085 pages. 

F. E. Nelson 

777. The better utilization of milk. R. C. 

Hutchinson Angus & Robertson, Ltd., Sydney, 
Australia. 218 pp. 25/~. 1948. 

Milk and the various products which are manu- 
factured from it are discussed with particular em- 
phasis upon the influence of the composition of 
the various products and of the processing opera- 
tions upon food value. The treatment necessarily 
is brief because of space limitations, but numerous 
references to the literature provide ample oppor- 
tunity for finding more information when the 
reader so desires. The indexing is very extensive. 
Although the preponderance of the material 
covered is Australian or from the British Empire, 
much data from the United States is included. 
The book is written well and well printed. 

F. E. Nelson 

778. Sugar: its production, technology and 
uses. Andrew van Hoon. Ronald Press Co., 
New York, N. Y. ix+155 pp. $3.00. 1949. 

The author has presented very well a resume 
of the sugar industry in “readable and understand- 
able fohn the essential facts about the Rowing, 
processing and refining of sugar, the scientific basis 
of its technology, and its many and diverse 
uses. . . .” In 6 chapters, the subjects of Sugar 
(its chemical and physical characteristics), Pro- 
duction of Cane and Beet Sugars, Commercial 
and Trade Aspects, By-Products and Histmy are 
covered. Over a third of the book is devoted to 
an interesting description of sugar manufacturing 
methods. 
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The book will help those who use sugar in dairy 
and food products to have an appreciation of its 
nature and origin. It is written for those with 
technical knowledge to better appreciate sugar» 
rather than as a reference on technical properties 
of sugars, such as they are used in foodstuffs. 

K. G. Weckcl 

779. Experimental Imimmochemistry. E. A. 
Kabat and M. M. Mayer. Charles C. Thomas, 
Springheld, 111. 567 pp. $8.75. 1948. 

The emphasis is upon laboratory technics for 
use in the indicated held branching out into re- 
lated areas with which the held of immunochem- 
istry has common boundaries and in which many 
of the applicable technics have been developed. 
The emphasis is upon the quantitative approach, 
wherever this is applicable. The material is 
divided into 5 parts: Immunological and im- 
munochemical methodology, Applications and 
uses of quantitative immunochemical methods. 
Chemical and physical methods and special pro- 
cedures used in immunochemistry, Preparations 
and Appendix. A good index is provided and 
there are many references to original publications 
at appropriate places. This volume should prove 
an excellent reference for all working in the im- 
mediate field and to many working in other areas 
of biological chemistry. F. E. Nelson 

780. C. O. Jeasen. Selected papers. Vol. 1, 
1886-1908. M. CHittsTiANSEN and H. O. 
Schmit-Jenson, ed. Einar Munksgaard, Copen- 
hagen, Denmark. 681 pp. (Price not given). 
1948. 

In addition to a bibliography, 37 original 
papers (8 publi.shed in collaboration with others) 
are included. Thirteen papers previously not 
translated to a major language have been traas- 
lated to English for this publication and 23 
originally were published after translation to 
German, in which language they appear in this 
publication. The papers arc concerned largely 
with animal diseases, although there are 2 on 
milk bacteriology and several on special groups of 
bacteria. Many of these papers would not be 
available to the majority of the intcre.sted people 
except for this rcpublication. Although the 
illustrations have suffered somewhat because they 
had to be reproduced from reproductions, their 
quality is surprisingly good. F. E. Nelson 

ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

78L Studies on repeated vaccination of cattle 
with Rrucella abortus strain 19. I. The agglu- 


tmin response of animals vaccinated as calves and 
revaccinated as young adults. D. T. Berman 
and B, A. Beach, Wis. Agr. Expt. Sta., Madison. 
Am. J. Vet. Research, 10, 36: 208-213. July, 
1949. 

Three groups of 20 to 22 heifers were vac- 
cinated at 8 mo., 1 group rcvaccinated at 14 
mo. and another group revaccinated at 20 mo. 
The heifers were managed as a single group. All 
heifers were bred at 15 to 18 mo. Detailed in- 
formation as to blood titer and reproductive func- 
tion was kept. Following rcvaccination at both 
14 and 20 mo., the blo(^ titer rose rapidly to 
over 1 : 1 ,000 and then gradually declined, level- 
ing off at a considerably higher average than 
found in the .singly vaccinated group. All ex- 
cept 1 in each rcvaccinated group was below 
1:100 at the termination of the first pregnancy. 
Rcvaccination did not appear to have any dc- 
Iclci ious effect on the pregnancy. A virulent Bru- 
cella infection, not Strain 19, was detected in 
animals in each group, resulting in some abortions 
during the ob.servation period. E. W. Swanson 

782. Relation of human and bovine brucellosis 
in Minnesota. D. S. Fleming, Minn. Dept, of 
Health, Minneapolis, and M. H. Roepke, Univ. 
Farm, St. Paul. TPub. Health Repts., W, 33: 
1044-1051. Aug. 19, 1949. 

From 1937 to 1947 the number of reported 
rases of human brucellosis increased 4- to 10-fold 
in those districts in Minn, made up of counties 
not under the area plan of bovine brucellosis 
control. During this same period there was no 
appreciable increase in the number of reported 
cases in the district comprising all 21 counties 
under an area plan. This difference could not be 
attributed to fluctuations in cattle population since 
the relative increase in number of cattle during 
the war was much the same in all districts. The 
authors believe that the area plan of bovine 
brucellosis control is of considerable benefit from 
the public health standpoint. D. D. Deane 

783. An epidemiologic study of bruceilosis in 
Minnesota. R. L. Magoffin, National Institute 
of Health; P. Kobler, Minn. Dept, of Health, 
Minneapolis; W. W. Spink, Univ. of Minn., 
Minneapolis, and D. Fleming, Minn. Dept, of 
Health, Minneapolis. Pub. Health Repts., 84, 
33: 1021-1043. Aug. 19, 1949. 

The number of cases of human and bovine bru- 
cellosis in Minn, has increased rapidly since the 
period before World War II. Br. abortus was the 
causitive organism in 85% of the 268 human 
cases studied from Jan., 1945 through June, 
1948. The remaining 15% wefre divided almost 
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equally between Br, suis and Br. mtlitensis and 
occurred mainly among meat-packing plant em- 
ployees handling infected swine. Nearly half the 
cases were found in individuals whose work in- 
volved handling livestock or slaughtered animals 
while about three-fourths had some contact with 
farm animals. The only source of the infection 
in about onc-fourth of the cases was raw milk. 
These cases, equally divided between males and 
females, were more evenly distributed over all 
ages than those cases caused by animal contact. 
The agglutinin test was found to be a reliable 
diagnostic aid in active brucellosis. The authors 
believe that prevention of the human disease de- 
pends upon eradication of the disease in animals. 

D. D. Deane 

784. Bovine mastitis associated with beta- 
haemolytic group C streptococcL J. G. Buxton, 
Vet. Investigation Centre, Sutton Bonington, 
Leics. British Vet. J., 105, 4: 107-114. April, 
1949. 

A brief report is given on 2 outbreaks of bo- 
vine mastitis in widely separated herds in which 
hemolytic group C streptococci were isolated 
from the milk. In 1 herd of 46 cows treated with 
penicillin the disease rx)ntinued to spread. Bac- 
teriological examinations revealed that 41 ani- 
mals were harboring hemolytic streptococci, 10 
of which were group C. The remaining animals 
were infected with S, agalactiae. Each infected 
animal received 50,000 units of penicillin in 50 cc. 
of boiled water in all quarters, once daily for 3 d. 
After 3 d. animals showing streptococci were 
treated again. S. agalactiae was reduced 90%, 
while only 1 1 % reduction occurred in the animals 
infected with the group C streptococci. Two 
further courses of treatment reduced the incidence. 

In the second herd of 35 cows, 25 were in- 
fected with streptococci. 9 cows with 18 involved 
quarters showed S. agalactiae, while 16 cows with 
41 infected quarters showed group C streptococci. 
The treatment was increased to 100,000 units for 
3 d. The quarters infected with S. agalactiae 
were reduced 66%, while 58% of the C group 
streptococci were clinically cured. It was pointed 
out tliat under held conditions 5*. pyogenes mas- 
titis would be difficult to diagnose and heavy in- 
fections would fail to respond to ordinary penicil- 
lin treatment. B. B. Morgan 

785. Penicillin ointment in the treatment of 
chronic bovine mastitis. A. S. Schunoman 
and Mary C. Manning, Parke, Davis and Co., 
Detroit, Mich. Vet. Med., 44, 9: 382-388. 
Sept., 1949. 

Penicillin (calcium salt) was incorporated at 
the rate of 5O,0Q9 um'ts in 3.6 g. of a bland 


ointment base in collapsible tubes and used for 
treatment of a herd of purebred Holstein-Fiiesian 
cattle infected with dironic bovine mastitis. 
Eleven cows involving 25 quarters were treated. 
Infected quarters were determined by physical 
examination, strip cup, bacteriological examina- 
tions employing bacto-tryptose agar slants, 5% 
rabbit blood agar plates, Hotis tests and micro- 
scopic examinations. Treatment was given at 
various intervals into ail 4 quarters / cow 
regardless of the number of infected quarters. 
As a rule, 50,000 units of penicillin oint- 
ment was used per quarter, but on several oc- 
casions 100,000 units were employed. A range 
of 1 to 10 treatments was necessary to free 22 of 
25 streptococcus- or straphylococcus-infected 
quarters. Bacteriological examinations were 
made up to 12 wk. after the last treatment. 
Three cases of coli-aerogenes mastitis were treated 
with streptomycin with apparently good results. 
Penicillin in an ointment base was no more ir- 
ritating to the udder than normal saline or dis- 
tilled water. Complete protocols are given on all 
cows treated. B. B. Morgan 

786. The sensitiveness of pathogenic staphy- 
lococci isolated from animals to pemcillin. H. 
Farrag, Cairo Veterinary College, Egypt. British 
Vet, J., 105, 2 : 64-66. Feb., 1949. 

The scasitivity to penicillin of 25 cultures of 
staphylococci isolated from mastitis cows, septic 
wounds in horses and otitis media in dog.s was 
tested in vitro. The test involved the use of a 
standard inoculum of a 24-hr. broth culture on 
agar plates containing various units of penicillin. 
All of the cultures were Staphylococcus aureus 
except 3 w'hich were S. albus. All of the strains 
were found to be penicillin sensitive. In 1 experi- 
ment the rcsi.stancc of straphylococci could be in- 
creased artihcially up to 220 times, consequently, 
naturally occurring resistance to penicillin may 
be encountered. B. B. Morgan 

787. Human tuberculosis of bovine origin. Its 
prevention is still an urgent problem. S. G. 
TiPPETr, Nordrach-upon-Mcndip Sanatorium, 
Bristol, England. British Vet. J. (formerly Vet. 
J.), 105, 1: 14-18. Jan., 1949. 

A brief, review of human tuberculosis of bovine 
origin in England from the medical point of view 
is given. Only 16% of the cattle in Eng. arc cer- 
tified free from tuberculosis. A recent survey in-- 
dicated that 1,500 to 2,000 persons die of tuber- 
culosis of bovine origin annually and approxi- 
mately 4,000 new cases occur every year. Meth- 
ods used in the U. S. for eradication of bovine tu- 
berculosis and pasteurization of milk were cited 
as definite proof that the disease can be prevented. 
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The incidence of tuberculosis in cattle in Eng. 
may run as high as 35%. A strong appeal was 
made for community action of livesto^ owners 
to demand bovine tuberculosis eradication. 

B. B. Morgan 

788. The occurrence of Hypoderma larvae in 
the sfunal canal of cattle. W. O. IIaberman^ 
B. B. Mokoan and R. J. Digke. J. Agr. Research, 
78, 12 : 637-640. June 15, 1949. 

Of 982 larvae removed from 293 infected spinal 
canals, 975 were identified as Hypoderma boots 
and 7 as H. lineatum. The maximum num> 
her of larvae removed from a single infected 
spinal canal was 21. The length of the larvae 
ranged from 5 to 17 mm. and a progressive in- 
crease in the average length was noted from 
Sept. (7.5 mm.) to May (15.6 mm.). In Wis- 
consin, H. bovis was found to be most abundant. 
From other areas //. lineatum is more prevalent. 
Comparable groups of animals indicated a prev- 
alence of Hypoderma larvae in the esophageal 
region. Of 982 larvae removed from infested 
esophagi, 981 were H. lineatum and only 1 was 
H. bovis. Only the larvae of H. bovis occurred 
regularly in the spinal canal and only H. lineatum 
occurred regularly in the esophageal region. 

H. Pyenson 

Also see abs. no, 780. 

BUTTER 

O. F. HUNZIKER,' SECTION EDITOR 

789. Production methods and keeping quality 
of churning cream. H. R. Thornton, R, K. 
Shaw and F. W. Wood. Can. Daiiy' Ice Cream 
J., 28, 5; 54-66. May, 1949. 

Sterile utemils are necessary for the production 
of low bacterial content cream, as well as for 
low bacterial content of market milk. Special 
grade may be obtained with twicc-wcckly de- 
livery when the storage temperature of cream of 
low bacterial content is 50° F. and with weekly 
delivery when the storage temp, is not over 45° 
F. The long storage of such creams at temp, of 
50° F. or below probably will result in bacterially- 
induced flavor defects not now very common in 
the cJiurning cream industry in Canada. In these 
circumstances the titratablc acidity test may be- 
come of very limited value as a differential cri- 
terion in grading. H. Pyenson 

790. Continu boterbereiding volgens het Alfa- 
proc^e. (Alfa continuous buttermaking proc- 
ess.) (English summary.) Algemeene Neder- 
landschc Zuivelbond. (General Netherlands 
Dairy Association.) The Hague, Holland. 30 
pp. 1949. 


Experience was obtained with apparatus and 
product of the Alfa continuous process. Cream 
of about 30% fat content was pasteurized, cooled 
to 55-60° C. and concentrated to plastic cream 
with butter composition by a “concentrator”, a 
special Alfa-Laval centrifuge skimming to 0.07% 
fat. In a “transmutator” the plastic cream was 
converted into butter. The transmutator is a 
cooling unit having large diameter screws which 
transport the cream in a thin layer through three 
cooled cylinders. In the middle cylinder, usu- 
ally, the change into butter occurs. Particulars 
for operating and cleaning are given. The ca- 
pacity was 400-550 Ib./hr. The water content 
of the butter can be regulated by the concentra- 
tor with a cream adjusting screw. Important 
factors were: skimmilk pressure, number of revo- 
lutions, kind of milk, fat content of the 30% 
cream, concentrating temperature and milk 
acidity. 

The quality of sweet butter was very good; 
the keeping quality in. cold storage and at room 
temperature was most satisfactory. The con- 
sistency was very firm and spreadable. The 
butter had a low air content and a fine uniform 
dispersion of the water. Less favorable results 
were obtained with the artificially flavored prod- 
uct. Alfa butter had a somewhat different 
quality than ordinary butter, shown both in taste 
and in structure. 

The output was high because the non-fat dry 
solids content was high and the water content 
could be adjusted vcr>' accurately. The conclu- 
sion was drawn that the Alfa process offers 
promise. A. F. Tamsma 

791. Whey butter. Lorne Schengk. Can. 
Dairy Ice Cream J., 28, 8: 42, 76. Aug., 1949. 

The same standards of sanitation should apply 
to whey handling equipment as to that used in 
handling milk and curd in cheese making. The 
cream should be pasteurized immediately after 
the .separating. To produce a firm-bodied butter, 
the cream should be churned at a low temperature 
and with a reasonably high fat content. Over- 
and under-churning should be avoided. All the 
buttermilk must be drained out before salting and 
working the butter. H. Pyenson 

792. Butter cutter. W. Grocoff. U. S. 

Patent 2,479,742. 4 claims. Aug. 23, 1949. 

Official Gaz. U. S, Pat. Office, 625, 4: 1018. 
1949. 

Butter Is cut into rectangular shapes by being 
pressed through a flanged channel by means of a 
lever-operated pressure plate. R. Whitaker 

Also see abs. no. 773, 803, 8f3, 814, 815. 
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CHEESE 

A. C, DAHLBERG, SECTION EDITOR 

793. A study of the ripening of Cheshire 
cheese. M. Baron, National Institute for Re- 
search in Dairying, University of Reading. Dairy 
Ind., 14, 7: 705-711. July, 1949. 

Eleven Cheshire cheeses of varying quality 
were studied in detail by rheological and subjec* 
tive testing during a 2>month ripening period in 
a well'controlled commercial cheese store (cur- 
ing room). Despite the small number of samples 
involved in the experiment, it seems fairly clear 
that one can distinguish at a very early stage be- 
tween cheeses of diverse future quality by sev- 
eral rheological tests. The variation of the me- 
chanically measured properties of the cheese dur- 
ing ripening can also be used to give some indi- 
cation of the type of cheese which is developing. 

• G. H. Watrous, Jr. 

794. Further studies with lipolytic bacteria and 
rancid flavors in Cheddar cheese. E. G. Hood, 
G. A. Gibson and J. F. Bowen. Can. Dairy 
Ice Cream J., 28, 6: 27-28, 82. June, 1949. 

An analysis of the results of 11 comparative 
pairs of vats made from milk containing varying 
percentages of lipolytic bacteria shows consistently 
higher acid values and lower flavor scores than 
uninoculated or control vats. Further evidence is 
presented to show that the higher the acid value 
of the cheese fat, the greater is the incidence of 
unclean and rancid flavor defects. H. Pyenson 

795. Basic research and the cheese industry. 
C. W. Abbott, Natal Agr. Research Institute, 
Pietermaritzburg. Farming in South Africa, 24, 
279: 308-310. June, 1949, 

Preliminary studies have shown that the yield 
of Gouda and Cheddar cheese per 1,000 lb. of 
milk is seasonal and follows closely the pattern 
of seasonal variation in the composition of milk 
from which it was made. The seasonal influ- 
ence on Gouda is much more marked than on 
Cheddar. F. C. Fountaine 

796. Lack of mould growth in Roquefort 
cheese. S. Bakalor, Agr. Research Institute, 
Pretoria. Farming in S. Africa, 24, 278 : 246. 
May, 1949. 

Mold growth in certain experimental lots of 
Roquefort cheese was poor or entirely lacking. 
Hie pH of such cheese ranged from 4.8 to 6.2 
with most samples falling between pH 5 and 6. 
Cheese with satisfactory mold growth had pH 
values betw^ #.25 and 6.75. The author sug- 


gests that acidity control should be practiced in 
the manufacture of Roquefort cheese. 

F. C. Fountaine 

797. Consumer preference as related to acidity, 
curd size, creaming. W. H. £. Reid, Univ. of 
Missouri, Columbia. Proc. 41st Ann. Convention 
Milk Industry Foundation, Plant Sec., vol. 2, 
p. 21. 1948. 

Consumer demand has developed to the point 
where cottage cheese manufacture must be re- 
garded as a year-round business instead of merely 
an outlet for surplus milk during the flush period. 
Uniformity of product is of great importance in 
building and maintaining a cottage cheese busi- 
ness. Production of cottage cheese increased 
250% in the last 14 yr. The product possesses 
high nutritional values, particularly as an eco- 
nomical source of protein. 

“Pop com” type curd largely has replaced the 
“smearkase” type of curd, although a few markets 
still manufacture both types. The optimum 
acidity of the curd at cutting is 0.57 to 0.63%, or 
if the whey is tested, 0.45 to 0.50%. The causes 
of mealiness, lumpincss, and a soft pasty texture 
are discussed. 

Nonfat dry milk solids can be used in cottage 
cheese manufacture, starting with a product re- 
constituted in the proportion of 20 lb. nonfat dry 
milk .solids to 80 lb. water. The proper acidity of 
the curd at cutting varies with the characteristics 
of the powder but the average value was 0.70%. 
Two advantages to the use of nonfat dry milk 
soIid.s for cottage cheese are uniformity of prod- 
uct and availability of raw materials throughout 
the year to meet market demands for cottage 
cheese. D. J. Hankinson 

Also sec abs. no. 810. 

CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 

F. J. DOAN, SECTION EDITOR 

798. Whole milk powder made with a minimum 
of heat treatment. U. S. Ashworth, Dept, of 
Dairy Husbandry, State College of Wash., Pull- 
man. Milk Plant Monthly, 38, 8: 63^70. Aug., 
1949. 

The effect of heat on milk and its relation to the 
keeping quality of whole milk powder is divided 
into 3 categories: destruction of enzymes, pro- 
duction of antioxidants and reduction of bac- 
terial contamination. Using a review of litera- 
ture in conjunction with personal observations, 
the author presents evidence for and against pre- 
heating of milk to a high temp, prior to condens- 
ing and drying. J. A Meiser, Jr. 
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79d. €-8-6 Formula produces higher quality 
bread. C. A. Glabac, Bakers Weekly Lab., New 
York, N. Y. Bakers Weekly, 143, 9: 34. 1949. 

A comparison was made of properties of 2> 
4-2, 4-6-4, 6-6-6 and 6-8-6 doughs, and breads 
(Ratios as % M.S.N.F., sugar and shortening, 
respectively). A complete table of values shows 
breads of higher percentage ingredients have 
very favorable properties. K. G. Weckel 

800. Milk— -Its contribution to improved bread 
quality. C. A. Glabau. Bakers Weekly, 143, 
11: 36-40. Sept. 12, 1949. 

Using a 6-8-6 basic ingredient formula, repre- 
senting the percentages of non-fat dry milk 
solids, sugar and shortenings, respectively, experi- 
mental breads produced from doughs wherein 
the M.S.N.F. was varied from 2 to 6% were ex- 
amined. The study showed increased wt. of 
dough, bread yield, softness and brownness of 
color, and reduced baking and cooling loss, and 
resistance to shear when M.S.N.F. was increased 
from the lowest level. A complete comparative 
table is provided. K. G. Weckel 

801. Consumer reaction to bottled fresh con- 
centrated milk. G. M. Trout and G. G. 
Quackenbush. Can, Dairy Ice Cream J., 28, 
7: 68-74, 82. July, 1949. 

Bottled fresh concentrated milk concentrated 
at ratios of 2 : 1 and 3:1, homogenized and pas- 
teurized, was furni.shcd consumers in order to 
find out their reactions to the product. Although 
low temperatures in forewarming were used to 
keep the formation of heated flavors to a mini- 
mum, the cooked type of flavor seemed to pre- 
dominate in the reconstituted product. Homo- 
genization pressure of 2,000 to 2,500 lb,/in.* were 
adequate to maintain satisfactory homogeneity of 
the reconstituted product. The type of water 
used was found to be a factor affecting the flavor 
of the reconstituted milk. The predominating 
cooked flavor was not objectionable to the majority 
of the consumers surveyed in the study. The con- 
sumers were not interested in buying it regularly 
unless a saving of 2 to 3^/qt. of milk equivalent 
could be effected. H. Pyenson 

802. Method of canning evaporated milk and 

similar foamy liquids. G. G. Grindroo. U. S. 
Patent 2,477,692. 8 claims. Aug. 2, 1949, 

Official Gaz. U. S. Pat. Office, 625, 1 : 123. 1949. 

To avoid foaming which occurs frequently when 
evaporated milk is filled into vent-hole type cans, 
the product is filled hot into the cans which have 
been deaerated by filling with steam. 

R. Whitaker 


803. Plastic cream and butter oil. C. W. 
Decker. Can. Dairy Ice Cream J., 28, 8: 
68-76. Aug., 1949. 

The article reviews the manufacture of plastic 
cream and butter oil separately, discus.sing their 
development, processing methods and equipment 
employed, uses, keeping qualities and future pos- 
sibilities. H. Pyenson 

804. Dry egg composition. E. K. Chapin. U. 
S. Patent 2,479,310. 2 claims. Aug. 16, 1949. 
Official Gaz. U. S. Pat. Office, 625, 3 : 775. 
1949. 

A spray dried egg product having good keeping 
quality, improved usefulness in baked goods and 
desirable dispersibility is described. The liquid 
egg, prior to drying, is mixed with cither liquid 
skimmilk or whole milk and an edible fat. 

R. Whitaker 

805. Preparation of high-grade crude lactose. 

E. F. Almy and O. F. Garrett. (Assignors to 
Mand R. Dietetic Laboratories, Inc.) U. S. 
Patent 2,477,558. 8 claims. Aug. 2, 1949. 

Official Gaz. U. S. Pat. Office, 625, 1 : 92. 1949. 

Lactose solutions, prepared from whey or 
skimmilk, are treated with cationic exchange 
material in a pH range of 4.6-4.8. The proteins 
arc ppted. by heating to 175-210® F. and removed 
from the lactose .solution. The solution is then 
demineralized at pH 7.5-9.0 in an anionic ex- 
changer, acidified to 6.5-6.8 and dried. 

R. Whitaker 

Also sec abs. no. 876, 877. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

806. Comparative analysis of the standard 
methods methylene blue stain and advantages 
of the polychrome and acid-and-water-frec 
stains in ffie direct microscopic examinations , of 
milk. S. B. Levine and L. A. Black, U. S. 
Pub. Health Service, Cincinnati, Ohio. Am. 
J. Pub. Health, 39, 9: 1110-1119. Sept., 1949. 

The two methylene blue staining solutions 
recommended in the 9th ed. of Standard Methods 
(p. 116) differ in both surface tension and dye 
concentration. Unless the retention of both 
staining solutions is justified by a comparative 
study, only 1 .should be designated as standard; 
perhaps the alcohol-containing formula should be 
given preference. Partial decolorizing of milk 
films after .staining with carbolated methylene 
blue resulted in counts significantly different 
(usually higher) than those Obtained from the 
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*'unde8taiQfid*’ slide. The acid-and-water-free 
stain yielded the highest counts of all, while the 
polychrome methylene blue used in this study 
gave the lowest counts, results with carbolated 
methylene blue being intermediate. In a previ- 
ous study, another batch of the polychrome stain 
had given higher results than carbolated methy- 
lene blue. No overstaining occurred with either 
batch of polychrome stain and the slides were 
more easily read than those stained by the car- 
bolated methylene blue. Counts of dried milk 
films stained with the acid-and-water-free stain 
after 90 d. of storage were not significantly dif- 
ferent than those counts obtained after 14 d. of 
storage. D. D. Deane 

607. Some factors which influence the tfaermo- 
durk cokmy counts of raw milk. S. B. Thomas, 
National Agr. Advisory Service, Trawscold, 
Aberystwyth. Dairy Ind., 14, 6: 586-589. June, 
1949. 

No appreciable difference was found in the 
thermoduric bacterial content of milk produced 
by hand milking or machine milking on farms 
where the utensils were efficiently sterilized by 
steam, boiling water or chlorine. 

When the equipment was only washed in warm 
water, the use of milking machines led to a much 
higher incidence of excessive thermoduric colony 
counts. 

The proportion of samples with high thermo- 
duric colony counts increased with increasing raw 
milk counts, though some high count milks had 
low thermoduric counts. 

There was also some a.ssociation between grad- 
ing on the routine resazurin test and thermo- 
duric bacterial content. 

Thermoduric colony counts on yeastrel milk 
agar incubated for 4 days at 30° C. were, on the 
average, 12 times tliose obtained on *ycastrcl 
milk agar incubated for 2 days at 37° C. 

G. H, Watrous, Jr. 

808. Controlling thermodurics. I. £, Parkin, 
Penn. State College. Milk Dealer, 38, 10; 
64-66. July, 1949; Milk Plant Monthly, 38, 
7; 66, 68. July, 1949. 

Thermoduric bacteria are discussed as to 
source and how they get into milk. Eradication 
may be accomplished by clean methods, clean 
cows, properly washed and sanitized equipment 
and managed milking. The latter consists of 
cleaning the udder, using the strip cup, eliminat- 
ing hand stripping if machine milking is used, 
keeping tht milk covered and properly cooling and 
storing the milk until it is shipped. Thermo- 
duric oiganisms are resistant to heat and sanitizing 
agents. Rinsing, ot milk machine equipment 


with cold water followed by a hot water rinse af* 
ter milking therefore is an extremely poor proce- 
dure. A method for cleaning and sanitizing milk- 
ing madiines is outlined. C. J. Babcock 

809. Hie morphological and cultural diaractora 
of the lactic addoproteolytic coccL G. Gorzni, 
Univ. of Milan, ^zymologia XIII, 4: 205-207. 
1949. 

Characteristics which are considered significant 
in the differentiation of members of this group of 
organisms are summarized. The shape of the 
curd appearing in a litmus milk culture is stressed, 
and a plate of descriptive diagrams of the curd 
appearing in typical milk cultures is presented. 

J. J. jezeski 

810. The effect of penidlUn on lactic strep- 
tocoed. G. J. £. Hunter, The Dairy Research 
Institute (N.Z.), Palmerston North, New Zea- 
land. J. Dairy Research, 16, 1; 39-45. Jan., 
1949. 

The inhibitory effect of penicillin on 10 “single” 
.^trains of .starter streptococci used in cheese manu- 
facture was studied. Streptococcus cremoris 
strains were inhibited markedly by as little as 
0.10 unit of penicillin / ml. of milk. Streptococ- 
cus lactis strains were not inhibited to the same 
degree unless 0.25-0.30 unit/ml. was present. 

Very little destruction of penicillin occurred 
in milk pasteurized at 145° F. for 30 min. 
Steaming the milk for a period of 1 hr. resulted in 
approximately 50% loss. 

The conclusion is that widespread uncontrolled 
use of- penicillin in dairy herds could bring about 
a real problem in the cheese industry. It would 
seem advisable to exclude from the milk .supply 
milk from treated quarters. E. L. Thomas 

811. Coliform— 'their significance and control in 
ice cream making. G. W. Shadwick, Beatrice 
Foods Co., Chicago, 111. Ice Cream Trade J., 
45, 8: 44, 87-89. Aug., 1949. 

Proper pasteurization of the ice cream mix, 
thorough pleaning and sanitizing of the equip- 
ment, care in handling ingredients and packages, 
and extreme cleanliness on the part of the 
worker art necessary if coliform-frcc products are 
to be produced. 

Coliform bacteria are Gram-negative, non-, 
spore-forming bacteria which ferment lactose with 
the production of gas. They grow equally weU 
in the presence or absence of air. Since pas- 
teurization destroys coliform bacteria, their pres- 
ence in dairy products usually indicates recon- 
tamination or careless handling and does not 
necessarily indicate a health hazard, as they are 
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not pathogenic. Samples taken at various points 
throughout the plant during processing usually 
will indicate the point of contamination and make 
it possible to eliminate the cause of the trouble. 

W. H. Martin 

812 . The average plate count ratio as a meas- 
ure with which to judge laboratory work in 
examining dairy products. J. L. Courtney^ 
Dept, of Public Health, Oak Ridge, Tcnn. J. 
Milk and Food Tcchnol., 12 , 4: 197-208. July- 
Aug., 1949. 

A study was made of the av. quantitative plate 
count on 7,427 samples of raw milk, pasteurized 
milk, cream, frozen desserts and chocolate bev- 
erage at Oak Ridge, Tcnn., over a period of 
14 mo. An average was determined of the count 
ratios of those samples for which both dilutions 
show a range between 30 and 300 colonies. 
This ratio should not be over 2.0, according to 
the Standard Milk Ordnance and Code. The 
average was used as a mea.sure to check the ac- 
curacy of the laboratory work. 

The av. standard plate count ratio of 
2.31 was reduced to 1.85 by minimizing the errors 
common to pipetting. A carry over of 1 drop 
on the end of the pipette during plating will 
contribute to a high average ratio. High average 
ratios are due primarily to careless laboratory 
w'orkers and the failure of sanitary officials to 
use the average as a check on the quality of 
w’ork done in the laboratory. H. H. Weiser 

813 . Some observations on bacterial discolor- 
ation of butter. A. G. Leggatt. Can. Dairy 
Ice Cream J., 28 , 7: 29*30. July, 1949. 

In the 4 cases given it was shown that the 
trouble was due to carelessness in some part of 
general plant sanitation. The butter can be in- 
fected by 90 lb. butter boxes, parchment wrappers 
or wooden ware. Contrary to current belief, this 
discoloration occurred in butter salted at the rate 
of 2%. H. Pyenson 

814 . The nature and quantity of fatty acids 
produced in butterfat by the action of micro- 
organisins. T. Richards and G. M. £l-Sadek, 
University of Reading, Reading, England. J. 
Dairy Research, 16 , 1: 46-52. Jan., 1949. 

The fatty acids were extracted from 12 sam- 
ples of rancid butter and fractionated into volatile, 
solid and liquid groups according to the method 
of Hilditch. Three samples of butter were made 
rancid with inoculations of pure cultures of bac- 
teria {Ackromobacterium, Micrococcus and 
Pseudomonas species) and 3 with pure mold 


cultures [Aspergillus, Cladosporium and PenicU- 
Hum species). Six others were obtained in a 
naturally rancid condition and various species 
of molds and bacteria were isolated and 
identified for comparison. The total amounts of 
acids recovered varied from 0.2 to 1.05% of the 
total weight of butterfat. In every case the mold 
samples produced a greater total of fatty acids 
than did bacteria under identical conditions. 
The volatile acids constituted from 3.5 to 8.2%, 
the solid group from 4.3 to 11.2% and the liquid 
acids from 77 to 85% of the total acids extracted. 
Bacteria produced relatively less volatile acids 
than molds but slightly more solid acids. Titra- 
tion values indicated that bacteria produced a 
greater proportion of butyric and caproic acids 
than did molds. No significant difference be- 
tween bacteria and molds was noted in the pro- 
duction of the liquid unsaturated acids. Iodine 
values and titration equivalents of the liquid 
acids indicated a high proportion of oleic and 
linoleic acids. The suggestion is made that trio- 
lein or trilinolein might prove more reliable than 
tributyrin as a substrate in a medium for the 
detection of lipolytic bacteria, since theses acids 
appear to make up such a large fraction of the 
acids recovered from rancid butter. 

E. L. Thomas 

815. A method for the bacteriological exami- 
nation of edible fat preparations. B. F. Capps, 
M. K. Wollman and N. L. Hobbs. R. P. 
Scherer Corp., Detroit 13, Mich. Food Tech., 
3, 8 : 260-263. Aug., 1949. 

Standard plate counts on contaminated oil re- 
sulted in a dense cluster of colonies around the oil 
droplets formed on the surface of the agar. In 
order to eliminate this difficulty, various deter- 
gents were tested for their effectiveness in dis- 
persing oil in an aqueous solution to be used in a 
standard plate count examination. Ten ml. quan- 
tities of the aqueous detergent solution of specified 
concentration were autoclaved in culture tubes 
with cotton plugs. One ml. of the contaminated 
oil was added to each tube of detergent solution 
and the pipette used to mix the inoculum to form 
an emulsion. The emulsion then was transferred 
in 1 ml- aliquots to plates and tube media; the 
plates were poured with the agar medium and 
after incubation the colonies were counted. 

Of the detergents tested, the Tweens showed the 
greatest advantages. The optimum concentra- 
tions were found to be 2% by volume of Tween 
80, and 3% by volume of G-2800 in aqueous solu- 
tion to produce maximum emulsification of the oil 
with the least unfavorable results. 

*E. R. Garrison 
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816. Inacdvfttioa of bacteriophage of the lacde 
acid streptococci of starters by quaternary 
ammoiiium compounds. G. G. Prouty, Wash. 
Agr. £xpt. $ta., Pullman, Wash. J. Milk and 
Food Technoi., 12» 4: 214-218. July-Aug., 
1949. 

Several quaternary ammonium compounds 
were effective in the inactivation of bacteriophage. 
Alkyl di-methyl benayl ammonium chloride did 
not inactivate the bacteriophage when used in 100 
p.p.m. at 2 and 4 min. exposure periods, althou|^ 
this compound was more effective at lower con- 
centrations than several of the other preparations. 
N (acyl colamino formyl methyl) pyridium chlo- 
ride was the least effective in the low concentra- 
tions. Based upon U. S. Public Health Service 
recommendations for Gl, solution, a concentra- 
tion of 200 p.p.m. of a quaternary ammonium 
compound for a 2-min. exposure should destroy 
the bacteriophage of the lactic acid streptococci 
used in cheese starters. H. H. Weiser 

817. Pasteurization effect on bacteria, yeast, 
molds and enzymes. P. R. Eluker. Gan. 
Dairy Ice Gream J., 28, 6 : 50-60, 88. June, 
1949. 

The article discusses methods of pasteurizing, 
time-temperature rclationdiips required for bac- 
terial destruction, effect of pasteurization on vari- 
ous microorganisms in milk and milk products, 
disease producing bacteria, common lactic acid 
bacteria, coliform bacteria, ropy milk bacteria, 
water bacteria, spore formers, molds and yeasts, 
bacteriophage and antibiotics in cheese milk and 
effect of pasteurization on enzymes of milk and 
milk products. H. Pyenson 

Also see abs, no. 774, 779, 780, 784, 785, 786, 
789, 794, 796, 869. 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

818. A rapid and simple phosphatase test for 
milk. R. Aschaffenburo and J. E. G. Mullen, 
National Institute for Research in Dairying, 
Reading, England. J. Dairy Research, 16^ 1: 
58^7. Jan., 1949. 

The test is based on the use of p-nitrophenyl- 
phosphate as the substrate. The milk is in- 
cubated at 37° G. with a buffered stdution of the 
substrate, followed directly by a visual comparisem 
of the intensity of yellow color of liberated p- 
nitroi^enol with that of boiled milk standaids 
containing known amounts of p-nitrophenol. The 
presence of 0.!^% raw milk could be detected 
without fail afteif an incubation period of only 


30 min. Upon incubation for 2 hr. the test waa 
sensitive to the presence of 0.1% raw milk. The 
test was proved sensitive to a drop of 1° F. in 
pasteurizing temperature (143° F.). Detailed 
information is given concerning reagents and ap- 
paratus required for the test and for the prepara- 
tion of color standards. Instructions for reading 
the test by photoelectric colorimetry also are in- 
cluded. £. L. Thomas 

819. A modified Association-Babcock test for 
homogenized milL J. R. Brunner, G. M. 
Trout and P. S. Lucas, Dept, of Dairying, Mich. 
Sute College, East Lansing. Milk Plant 
Monthly, 38, 8 : 45-46, 48. Aug., 1949. 

Since numerous modifications of the Babcock 
method for testing homogenized milk do not give 
reliable tests, experiments were conducted to 
adapt the I.A.M.D. modified Babcock test for 
buttermilk to the testing of homogenized milk. 
The testing procedure as finally adopted differed 
from the original Association test in (a) temper- 
ing of the milk and reagents to 60° F., (b) use of 
18 g. of milk, (c) addition of 3 ml. of n-butyl 
alcohol and 14 to 16 ml. of commercial sulfuric 
acid and (d) use of glymol in reading the test. 
This procedure gave a clear, curd-free fat column 
that averaged within + 0.05% of the Mojonnier 
method. . J. A. Meiser, Jr. 

820. Determmation of lactose in milk products* 
B. D. Hites, C. W. Ackerson, and G. H. Volk- 
MER, Agr. Expt. Sta., Lincoln, Neb. Analyt. 
Chem., 21, 8: 993-995. Aug., 1949. 

Lactose and sucrose were determined in dairy 
products by the ferricyanide method, which was 
shown to be simple, convenient, and time-saving. 
The method was used for the analysis of dairy 
products containing lactose and lactose in the 
presence of sucrose. It cannot be used when the 
products contain other reducing sugars. Standard 
lactose and sucrose curves and curves for sucrose 
plus lactose are presented. A comparison of 
values obtained by the ferricyanide and copper re- 
duction methods on lactose recovered from whole 
milk and 4>ther common dairy products shows 
close agreement. B. H. Webb 

821. A conductometric method lor die de- 
terminatioa of ash in refined lactose. D. A. 
Brewster and Barbara A. Brewster. Food. 
Tech., 3, 6: 208-210. 1949. 

The conductance method of Zerban and Statt- 
ler was adapted so that it could be used for refined 
lactose. The method outlined is limited to lac- 
tose that contains between 0.001 and 0.200% adu 
The jslectrical method is 18% more accurate on 
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the average than the muffle procedure and is much 
more rapid and easily performed. 

£. R. Garrison 

822. The proosddant effect of ascorbic acid 

and cysteine in aqueous fat systems. Dorothy 
A. ScARBcatouGH and Betty M. Watts. Food 
Tech., 3, 5: 152-155. 1949. 

A new system for testing antioxidants and syn- 
ergists in aqueous fat systems was employed. In 
the absence of added phenolic antioxidants, aque- 
ous solutions of ascorbic acid or cysteine accel- 
erated the oxidation of lard but the accelerating 
effect of ascorbic acid was not obtained on dry 
fat. Ascorbic acid inhibited oxidation in aque- 
ous fat systems when 0 . 01 % or more of alpha- 
tocopherol was added. E. R. Garrison 

823. Denaturation in regenerated protein fi- 
bres. F. Happy. Nature, 164, 4161: 184. 1949- 

By means of X-ray photographs it is shown that 
the casein in artificially produced fibres is of the 
p and not of the a type. R. Whitaker 

Also sec abs. no. 773, 794, 881, 882. 

DAIRY ENGINEERING 

A. W. FARRALL, SECTION EDITOR 

824. Mechanical can washing. C. B. Shogren. 
Can. Dairy Ice Cream J., 28, 5: 98-100. May, 
1949. 

The rules that should be observed in operating 
any type of straight-line can washer are: ( 1 ) keep 
the washer in a clean, sanitary condition free from 
lime and deposit, ( 2 ) keep the washer in good 
mechanical condition, (3) an adequate pre- 
rinse must be maintained with ample water sup- 
ply and a good line pressure of at least 30-40 lb., 
(4) fresh solution must be made up daily and 
sufficient washing compound used to form a 
heavy foam cap on the wash tank, (5) overflow 
should be controlled at between 0.5 and 1 U. S. 
pt./can, ( 6 ) treatment should be made to the 
sterile rinse position to keep pipes and jets in lime- 
free and clean condition. H. Pyenson 

825. Lifting device. F. G. Hodsdon. (As- 
signor to International Harvester Co.) U. S. 
Patent, 2,480,244, 5 claims. Aug. 30, 1949. 
Official Gaz. U. S. Pat. Office, 625, 5: 1278. 
1949. 

Milk cans are lifted into and out of milk coolers 
by means of this device which consists of a vac- 
uum operated reciprocating piston and cylinder 
and hooks for attaching to the can handles, the 


whole being supported by a single pipe vertical 
frame bolted to both floor and ceiling. 

R. Whitaker 

826. Balances milk-chilling water flow by 
raising supply tank. M. N. Krause. Power, 
93, 8 : 92-4. Aug., 1949. 

A setup for cooling with chilled water cir- 
culated through milk and by-products units did 
not give satisfactory cooling because of an unbal- 
anced flow through the various heat exchangers. 
The system was changed by installing an insulated 
supply tank on the 4th floor and new booster 
pumps. Both manual and automatic controls 
were installed to operate the pumps. The re- 
modeling made use of the existing circulating 
pumps and mains wjiercver possible. The in- 
stallation was designed and carried through with 
very little interruption of processing. Graphs of 
tests and diagrams of the piping and control 
wiring are presented. H. L. Mitten, Jr. 

827. Milk can cooler. R. D. Kemper. (As- 
signor to York Corp.) U. S. Patent 2,479,011. 
5 claims. Aug. 16, 1949. Official Gaz. U. S. 
Pat. Office, 625, 3 : 699. 1949. 

Milk in regular milk cans is cooled by placing 
the cans on racks in this insulated cabinet. Water 
cooled by a motor driven comprc.ssor, set to auto- 
matically cool the water to near the freezing point, 
is sprayed on the cans from distributor pipes. 
The water collects in a pump below the racks and 
is circulated back to the cooling unit. 

R. Whitaker 

828. Machine for cooling cream. A. Johnson. 

(Assignor to Land O’Lakes Creameries, Inc.) 
U. S. Patent 2,480,583. 3 claims. Aug. 30, 

1949. Official Gaz. U. S. Pat. Office, 625, 5: 
1364. 1949. 

Cream is cooled by spreading it in a film on 
horizontally rotating, internally chilled rolls. 

R. Whitaker 

829. Water-cooling tower upkeep. H. E. Deg- 
LER. Operating Engineer, 2, 8 : 36-7. Aug., 
1949. 

Makeup water required depends upon losses 
from evaporation, drift and blowdown. Blow- 
down water wasted depends upon the hardness of 
the circulating water, type of softening used and 
the drift loss. Blowdown is controlled to keep 
scale-forming solids at such a low concentration 
that scale does not form. 

Additions of Cl,, CUSO 4 , KMnO^ and other 
chemicals will hold or eliminate algae growth so 
that such formations will not phig nozzles. The 
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pH q£ the circulating water ^ould be 7 to 7.5 to 
prevent delignification of any wooden parts of 
the tower contacting water. Two-speed motors 
on the fans of the induced draft towers save power 
during cold weather or other times when full 
speed is not required to obtain temperature lower- 
ing. 

Maintenance consists of seeing that the tower is 
clean, dirt is removed from catch basin beneath 
tower, fans are bolted tightly, blades run freely, 
flexible couplings and universal joints are func- 
tioning properly and fans and fan motors are 
properly lubricated. The catch basin float valve 
should be adjusted to keep the water level 5 to 6 
in. below wood filling. At least 6 in. water should 
be kept in redwood or steel basins. Nozzles must 
be kept free of scale and algae. Operation during 
cold weather requires reduced draft. Icing dur- 
ing periods of sub-freezing weather may be pre- 
vented by keeping the water temperature as high 
as practicable for the equipment served. 

A maintenance schedule should be set up and 
followed. H. L. Mitten, Jr. 

830. Refrigerating your ice cream fleet. An- 
onymous. Ice Cream Rev., 33, 1 : 48, 50, 52, 
53. Aug., 1949. 

Truck bodies with a plate type hold-over system 
account for more than 90% of the current orders, 
according to results of a survey conducted among 
the leading manufacturers of this equipment. 
Over two-thirds of the truck bodies being pur- 
chased also have self contained refrigeration units 
which may be plugged in at an electric outlet 
wherever the truck may be stationed at night. 
The practice of using a central ammonia system 
for supplying the necessary refrigeration for the 
hold-over plates appears to be in the decline, as 
only one-third or less of the current orders are for 
this type of truck body. ' 

Dry ice which was used in about one-third of 
the ice cream truck bodies 10 yr. ago is now used 
in less than 2% of them. The use of dry ice for 
refrigerating ice cream truck bodies has proved 
to be very expensive in comparison with mechan- 
ical refrigeration. Its use is now limited pri- 
marily to semi-trailer type trucks making few stops 
and to vendor units. 

A power take-ofl for supplying continuous re- 
refrigeration to ice cream tru^ bodies is used by 
only about 1 % of the trucks, according to 1 manu- 
facturer. W, J. Caulfield 

831. Refrigerated units for tracks is cost re- 
ducer. John Hubel. Am. Milk Rev., 11, 9: 
36, 37. 1949. 

A mediod used by 1 milk plant is described. 
Retail delivery trucks are equipped wifli a re- 


frigerated cabixiet of 36-case capacity. Th 
method of refrigeration is not stated. Advantf 
claimed for these cabinets are ( 1 ) trucks are pic 
loaded and ready for the routeman and ( 2 ) un- 
sold products are left on the truck and sold the 
next day, thus eliminating handling and check- 
ing in. D. J. Hankinson 

832. Liquid sulphur dioxide stops scale in 
cooling-water systems* M. £. Reiner, E. F. 
Drew & Co., Inc., 15 £. 26th St., New York 
City. Power, 93, 8 : 86-7. Aug,, 1949, 

Sulphuric acid can be used to treat industrial 
cooling water where pH and alkalinity must be 
lowered. This acid is difiicult and hazardous to 
handle. Sulphur dioxide may be substituted 
fairly inexpensively. It can be injected as a gas 
into the makeup water. 

Impurities in water are concentrated by the 
evaporation of water in cooling equipment. Scale 
is caused by the breakdown of GaCOg. When SOj 
is used, the chemical reactions involved are: 

(a) . SOj + HgO — ► HjSOg; and 

(b) . H 2 S 03 + Ca(HC 03)2 CaS 03 + 2 C 0 a 

+ 2HaO 

Use of SO 3 is limited to those applications 
where makeup is moderate, for its cost is greater 
than either sulphur burner gas or H 2 SO 4 . It is 
the logical choice where its higher cost is more 
than balanced by reduced hazards and ease of 
handling. 

Drawings illustrate piping hook-ups for injec- 
tion, and a table compares costs. H. L. Mitten, 

Jr. 

833. ^hat plant operators need to know about 
flue dust. L. N. Rowley and J. C. McCabe. 
Power, 93, 8 : 76-8. Aug., 1949. 

Dust differs from smoke in that individual par- 
ticles of it are large enough to be seen and felt. 
Most fuels contain some ash. Gas has practically 
none, oil very little and coal, rarely, has less than 
5% and may cany as much as 20-30%, Regard- 
less of how good the burning job is, ash always 
remains. Some unburned carbon usually accom- 
panies the ash to make flyash or cinder. Flyash 
particles are smaller than cinder particles; both 
may be oalled dust. Dust production eanftot be 
avoided; however, dust scattering and air-pollu- 
tion from smoke stacks can be eliminated. 

With fuel-bed firing by underfeed or traveling 
grate stokers, the airflow through the fuel-bed car^ 
ries out the dust. Heavier drafts lift more dust 
from the bed into the gas stream. Coal plays an 
important part, since fines increase the carryover 
and clinkering tends to reduce it. High btanlng 
ratiei also cause more dust carryover, because 
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nd burarng requires more draft Pulverized 
'with suspension firing presents the most seri- 
udS flyash problems. 

Ordinances usually state the maximum amount 
of dust to be tolerated in a given amount of fiue 
gas without regard to the amount of air pollution. 
Sample calculations show that some form of col- 
lector is necessary. Seven different types of dust 
collectors are illustrated. They employ such fac- 
tors as change of gas velocity, sudden change in 
direction of gas flow, impingement, centrifugal 
force, electrostatic precipitation and %vater wash- 
ing. 

Chimneys can aid in reducing air pollution, for 
the higher the stack, the greater is the dust travel 
and diffusion. This is affected by such factors as 
dust size, local weather conditions and surround- 
ing topography. Chimneys are as much waste- 
disposal equipment as draft producers. 

H. L. Mitten, Jr. 

834. What to look for in a package boiler. J. 

F. Johnston, Johnston Bros., Inc., Ferrysburg, 
Mich. Operating Engineer, 2, 8: 24-5. Aug., 
1949. 

Packaged boilers are automatic units complete 
with boiler, auxiliaries, controls and instruments. 
They are assembled and tested at the factory and 
shipped ready for simple installation. 

Advantages are that no special setting is re- 
quired, no smokestack is necessary, and the com- 
plete unit is .sold, guaranteed and serviced by a 
single firm. 

Before selecting a packaged boiler determine 
the actual h. p. load and the hours of use. Pack- 
aged unit capacity is rated on the basis of maxi- 
mum amount of steam that can be generated al- 
lowing 34.5 lb. (from and at 212° F.) / boiler 
h. p. It is safer to buy a packaged unit ^at can 
develop your maximum load in lb. of steam / hr. 
plus a little extra. 

Special burners are necessary to bum heavy oil, 
but heavy oil is lower in cost and has a higher 
BTU content. 

The design of packaged units varies consider- 
ably. A careful study of design features and 
auxiliaries should be made if one is to select a unit 
that will meet all his demands. Hie unit must be 
approved by such organizations as Underwriters 
Laboratories on electrical devices, National Elec- 
trical Code on wiring, ASME code on boiler con- 
struction. 

A packaged unit requires proper maintenance. 
There should be a regular periodic interior in- 
spection. Scale and sediment must not be per- 
mitted to accumulate. Controls and safety de- 
vices should be tested and natural wear and tear 
corrected. R L. Mitten, Jr. 


835. How heating fiits into steam costs. W. 
Shinn and W. Arrott, Operating Engineer, 
New York, N. Y. Operating Engineer, 2, 8: 
27. Aug., 1949. 

An illustrative problem is presented and dis- 
cussed. The problem plant considers heating as 
a by-product of other steam requirements. 

H. L. Mitten, Jr. 

836. Here’s how to cut piping operating costs. 

G. W. Hauck, Crane Co., Chicago, 111. Heating, 
Piping & Air Conditioning, 21, 8: 90-2. Aug., 
1949. 

Good design places valves in the most con- 
venient locations for operation, but some valves 
must necessarily be placed where they are rel- 
atively inaccessible from the normal level of oper- 
ators. The amount of time which must be spent 
in getting to the valve may cumulate costs which 
need challenging. Valve stem extensions, wheel 
chains and motor operated valves may effect 
economies in operational labor. Position indi- 
cators eliminate the need for turning the valve 
stem to determine whether the valve is open or 
closed. One of the typical ills of the improvised 
piping installed during recent years is misapplica- 
tion of valves. Now that correct types are avail- 
able, valves not properly fitted to the application 
cannot be justified. 

Another common fault is improper suspension 
of piping. Weight of pipes and fluid can strain 
joints to the point of leakage, distort valve seats 
or contribute to maintenance costs in other ways. 

H. L. Mitten, Jr. 

837. Pumps need to be piped up right. H. M. 
Spring, Canton, Mass. Operating Engineer, 2, 
8: 38-39. Aug., 1949. 

Piping must be of correct strength for the pres- 
sure it will carry. If the shutoff pressure of the 
pumps exceeds the safe pressure for the discharge 
pipe, a relief valve is needed. Its discharge 
should be sufficient to keep the pressure within the 
safe range. 

Where there is a negative suction, an under- 
sized pipe or restriction in the suction pipe can 
make it impossible for the pump to develop 
rated capacity. For high-suction lihs, piping one 
size larger than pump connection should be used. 
In this case an eccentric reducer should be used to 
make the connection. The piping layout should 
be made so that there is no chance for air pockets. 
Pitch of suction lines should be away from the 
pump. Temperature of the fluid being pumped 
affects the effective suction. The higher the 
temp., the lower the effective suction. 
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Where there is a positive suctioti, maintimance 
is made easier if a valve is installed near the 
pump. Sharp turns in discharge lines should be 
avoided wl& reciprocating pumps. Where hot 
liquids are handled there must be provision for 
pipe expansion. Priming of centrifugal pumps for 
suction lifts may be made with a priming line 
with shut-of! valve to the highest part of the pump 
casing. H. L Mitten, Jr, 

838. Making metal corrosion-resistant. L. 
Sanderson. Dairy Ind., 14, 7: 721-723. July, 
1949. 

Zincilating, one of the newer methods of mak- 
ing metals corrosion-resistant, can be applied to 
parts during their manufacture or in service, to 
water tanks, liquid tanks, containers, etc. by spray- 
ing with a gun, by dipping, or with a brush. 

Another method of making metal corrosion- 
resistant is phosphatizing. In this, Fe, steel, Zn, 
Al, Cd and their alloys are treated by immersion 
in a dilute solution of acid phosphate saturated 
with 1 or more of these metals. This converts 
the metallic surface into an insoluble crystalline 
phosphate coating, which is protective and in- 
tegral with the metallic surface. Phosphate coat- 
ings are advantageous when it is desired to pro- 
duce coatings that withstand corrosion and, also, 
provide a satisfactory base for paint. 

Non-hard drying and hard^drying rust-prevent- 
ing compounds that are applied to steel to safe- 
guard it against great extremes of temperatures 
and moisture content in the air are briefly dis- 
cussed. G. H. Watrous, Jr. 

839. Fast check for shaft alignment. £. Mak- 
SELLi, St. Louis, Mo. Operating Engineer, 2, 
8: 32-3. Aug., 1949. 

Flexible couplings should be checked period- 
ically for misalignment. Usually, it is necessary 
to uncouple the parts for these tests. A simple 
device is described and illustrated which permits 
the coupling to remain intact and cuts the check- 
ing time to around 10 min. The essential parts 
are 2 clamps, an indicator rod and a dial indi- 
cator. Methods are discussed for checking paral- 
lel and angular misalignment with the device. 

H. L. Mitten, Jr. 

Also sec abs. no. 790, 851, 867, 872, 883. 

DAIRY PLANT MANAGEMENT AND 
ECONOMICS 

L. C. THOMSEN, SECTION EDITOR 

840. Cost system for ice cream mannfacturers. 
James H. Gould, Business Engineering Council, 
Rochester, N. Y. Ice Cream Rev., 33, 1 : 39-40, 
56-59. Aug., 1949. 


A simplified cost accounting system for use in 
dairy plants is presented and discussed. It is de- 
signed to supply management with the essential 
facts and figures necessary for efficient operation 
of the business with a minimum of clerical help. 
Included in the management report are: (1) A 
monthly summary of total and unit cost figures to 
make, or to make and sell each product, (2) A 
plant expense budget showing a comparison of 
actual expenditures for each account with cal- 
culated budget allowance for that account and 
(3) A profit and loss statement showing the ac- 
cumulative profit and loss by products for the cur- 
rent accounting period ending with the current 
month. The latter report also shows vari&ibes in 
the use of raw materials, in the use of labor, in 
plant expenses and in selling and administrative 
expenses. 

Any plant interested in a simple but compre- 
hensive cost accounting system will find the forms 
which accompany the article very useful in setting 
up such a system. W. J. Caulfield 

841. Industry consumer survey provides data 
for increasing ice cream sales* Anonymous. 
Ice Cream Rev., 33, 1 : 46, 74, 75. Aug., 1949; 
Ice Cream Trade J., 45, 8: 32-34, 85-87. Aug., 
1949. 

In an effort to obtain information which might 
aid in increasing the sale of ice cream a survey is 
being conducted by the Am. Dairy Assoc. The 
present article deals with the preliminary results 
obtained to date. 

It was determined that appetite appeals are the 
most effective means of advertising ice cream. 
Refreshing, delicious, variety of flavor, cool and 
appetizing illustrations were the appeals thought 
to be most effective. Health and food value ap- 
peals were thought to be important by the manu- 
facturers interviewed but only 31 out of 160 deal- 
ers considered this type of appeal effective. Qual- 
ity was thought to be an effective sales appeal by 
30 of the 160 dealers interviewed but not 1 of the 
manufacturers interviewed mentioned this point. 
Economy appeals were thought to be more ef- 
fective by dealers than by the manufacturers. 

Point-df-.salc advertising was favored by 34 of 
50 dealers interviewed. Window banners were 
rated as the most effective type of point-of-mle ad- 
vertising followed in order by back bar postemif' 
complete bar trim, menu clips-ons, counter cards 
and over-wire hangers. 

Almost half (42.8%) of 1073 families inter- 
viewed served ice cream in the home as a dessert. 
This held true whether there were children in the 
family or not. 

Ice cream as a snack for family members wa| 
served by over one-third of the families inter- 
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viewed. Ice cream was served at parties by 
11.9% of the families and on other occasions by 
0.7% of all families. Considerable variation be- 
tween different cities was observed as to the oc- 
casions on which ice cream Was served. 

The use of ice cream in the home by days of 
the week was found to be as follows: 29.0% of the 
families interviewed served ice cream on Sat., 
22.5% on Fri., 13.3% on Thur., 15.9% on Wed., 
12.2% on Tue. and only 5.5% on Mon. Most 
purchases of ice cream were made between the 
hours of 4 and 8 p.m. 

The housewife made 45.1% of the ice cream 
purchases, the husband 19.9, a daughter 12.5, a 
son iil'.4, children 4.4 and all others 6.7%. 

The place from which ice cream was purchased 
for family use was found to be as follows: drug 
store 31.4, grocery 27.7, confectionary 12.5, deli- 
catessen 12.5, ice cream store 10.7, dairy 1.8 and 
all others 3.4%. 

The type of .store where ice cream was pur- 
chased was .selected by 47.4% because of con- 
venience, by 33.3% because of brand preference 
and 18.9% because of a combination of these 2 
factors. W. J. Caulheld 

842. Building gallonage through restaurants. 
Vincent M. Rabuffo. Ice Cream Trade J., 
45, 8: 28-29, 77-78. Aug., 1949. 

In a recent survey 11,000 customers in 138 
restaurants were a.skcd to rate ice cream as a des- 
sert. Ice cream was rated most popular, pic a 
close second, and pie plus ice cream rated almost 
as high as ire cream and pie individually. Three- 
fourths of the vote went to these 3 desserts and 
only one-fourth to all other desserts combined. 
Sales portfolios prepared for use by restaurant op- 
erators point out the advantages of ice cream over 
other desserts. In addition to being lower in 
cost, ice cream is ready to serve, always fresh and 
alw'ays available; there is no waste and no left- 
over problem. At $].80/gal., using a no. 16 
scoop to dip 28.3 servings, the per portion cost is 
0.0633^, compared to 0.0679 for pic and 0.0643 
for cake. Witli some 525,000 eating places in the 
U. S., the ice cream industry has an opportunity 
to step up sales through these outlets. 

W. H. Martin 

843. Possible economies in distribution and 
sale of fluid milk. G. M. Carlyle. Can. Dairy 
Ice Cream J., 28, 6 : 32-41, 84. June, 1949. 

The following panel discussions were given at 
the annual meeting of the National Dairy Council 
of Canada: (1) Every-other-day delivery, by W. 
F. Jones, (2) Three-day delivery, by E. G. Silver- 
wood, (3) Store differential, by E. A. Lewis, (4) 


Other possible economies, by C. E. McMonagle, 
(5) Tokens, by G. M. Carlyle. H. Pyenson 

844. Business charts an aid to milk plant num- 
agement. F. Merish. Milk Plant Monthly, 38, 
8: 34-36. Aug., 1949. 

Accounting serves both mathematical and sta- 
tistical purposes, but obtaining statistical informa- 
tion out of columns is a difficult task. Graphs, 
however, present information in a clear concise 
manner which can be visualized readily. The 
.several types of graphs available are the pie chart, 
bar diagram and the line graph. Milk plant op- 
erators, both large and small, .should use this 
means of gauging business profitability and man- 
agerial ability for themselves and the employees 
as well. J. A. Meiscr, Jr. 

845. Keeping costs down. D. Markstein. 
Milk Plant Monthly, 38, 8 : 58, 61, 65. Aug., 
1949. 

Interviews with 6 milk plants in New Orleans 
showed that their methods of holding down costs 
followed 2 patterns: namely, increasing sales by 
intensive selling campaigns, reducing small costs 
and paying close attention to overhead and oper- 
ating expenses. J. A. Meiscr, Jr. 

846. Rewarding routemen for steady sales gains. 
T. Knight. Milk Plant Monthly, 38, 8: 40-41. 
Aug., 1949. 

Each routeman receives a certain bonus for 
each new qt. of milk over the previous base and 
this sum is increased each mo. if they keep adding 
business. Failure to increase sales during 1 mo. 
automatically causes the routeman to start over 
and at the low'cst bonus rate. J. A. Meiser, Jr. 

847. Giving added push to sales drives. K. 
Strong. Milk Plant Monthly, 38, 7: 69, 75. 
July, 1949. 

In a drive to get all their customers to use 
homogenized milk, this plant decided to turn over 
the H differential to each routeman who started 
a customer on homogenized milk and maintained 
this for 20 d. Progress of this new customer 
drive was recorded on a large map of the U. S. 

Each driver needed 15 extra quarts to ride a 
paper bull pinned on the map and as his sales in- 
creased the animal moved from East to West until 
the end of the 6-wk. contest. In a later contest 
paper airplanes were used to chart the progress 
of the contest. J. A. Meiscr, Jr. 

848. A **four-way” sales contest. T. Knight. 
Milk Plant Monthly, 38, 7 : 40-41, 48. July, 
1949. 
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In the '*4-Leaf Clover'* contest credits could be 
earned 4 ways. Selecting the first 28 d. in Jan. 
and dividing the sales for that period by two con- 
stituted the base period. The contests lasted for 
7 consecutive 2-wL periods. On regular milk 
sales retail routemen received 1 credit for every 
28 qt. over the base period, whereas wholesale 
routemen had to sell ^ qt. over the base period 
to receive 1 credit. Homogenized milk credits 
were set up the same as for regular milk but tabu- 
lated separately to increase the sale of both prod- 
ucts. An increase of 20 half-pints of coffee or 
whipping cream netted retail routemen 1 point; 
wholesale routemen needed 60 half-pints. Finally, 
an increase of 28 units of by-products netted 1 
point for retail routemen; wholesale routemen 
needed 84 units for the same bonus. At the end 
of the contest period all sales in the 4 groups listed 
were totaled and the top routemen awarded 
prizes. J. A. Meiser, Jr. 

849. “Carry your carriers’* to increase sale 
of by-products. P. L. Anders. Milk Plant 
Monthly, 38, 8: 28o29. Aug., 1949. 

To offset the loss of regular milk sales during 
the summer, routemen transported certain by- 
products to the customers in their carriers. As an 
incentive to carry these by-products the sales man- 
ager visited certain customers on each route- 
man's route giving them an envelope containing a 
bonus voucher bearing a cash value of $2.00 to 
$10.00. Customers were instructed to give these 
envelopes to their routemen only if they came to 
the door and inquired about selling by-products 
from the carrier on their arm. For customers’ 
participation free lb. of butter were given. Be- 
sides the bonus vouchers picked up by the men the 
plant offered an added $100.00 prize to the per- 
son selling the most by-products during the 30-d. 
period. J. A. Meiser, Jr. 

850. Product costs. O. M. Johnson. Gan. 
Dairy Ice Cream J., 28, 5; 82-86. May, 1949. 

The following reasons prove that product costs 
indicate whether the business is operatii^; as It 
should: ( 1 ] All selling prices should be based on 
product costs, (2) Product costs point out the 
most profitable and least profitable products, (3) 
Correct valuation of inventories requires product 
costs, (4) Product costs point out where savings 
can be made, (5) Locating and stopping plant 
losses is facilitated through the use of pr^uct 
costs, and (6) Product costs indicate many of the 
methods necessary to conduct a business profit- 
ably. Total and unit product costs can ^ ob- 
tained only when costs and expenses are put to- 
gether in the^ cost ledger with the plant reports. 


The really pertinent question is not how much it 
costs to obtain product costs, but can one afford 
to be without them. H. Pyenson 

851. Wastes and losses in dairy plant operations. 
L. C. Thomjen, Univ. of Wise., Madison. Milk 
Plant Monthly, 38, 7: 26, 28, 30-32, 34. July, 
1949. 

A list of rules to be followed in die reduction 
or elimination of losses and wastes in dairy plants 
would be as follows: (a) obtain representative 
samples for analysis with the aid of proper 
sampling equipment and technique, (b) care for 
samples properly prior to analysis, (c) prepare 
and analyze samples properly, (d) select proper 
testing procedures to check the successive stages of 
your manufacturing operation, (e) install liquid 
level controls or signals to prevent overflows of 
milk, (f) check the accuracy of sanitary metera or 
volume gages that meter the amount of milk on 
hand, (g) install drip racks to collect drippings 
from cans, (h) repair leaky pipe lines, valves, etc., 
(i) check the final product for weight as well as 
composition, (j) determine the amount of milk 
waste passing into the waste disposal systems, (k) 
avoid the general use of water for rinsing milk 
wastes from the floor and (1) remember that 
wastes and losses in the plant are not confined to 
dairy products alone. J. A. Meiser, Jr. 

852. Improved HU coUections. K, Strong. 
Milk Plant Monthly, 38, 7: 62. July, 1949. 

Rather than continually remind routemen that 
their collections are lagging, a board was erected 
that keeps the men posted. Every routeman who 
lowers his outstanding bills $100 over the last base 
period receives a silver star. If a reduction of 
$200 to $300 is obtained a red star is given. So 
long as routemen keep getting stars, the company 
and the individual know that collections are im- 
proving. J. A. Meiser, Jr. 

853. Efficient fleet maintenance. R. Miller. 
Milk Plant Monthly, 38, 7: 58-60. July, 1949. 

The following procedures have done mudi to- 
ward simplifying and systematizing fleet main- 
tenace in large plants: (a) routemen must take 
out and return their trucks to designated places 
in the garage, (b) all gas and oil placed in trucks 
must be recorded in triplicate and bear the route- 
man's signature as proof of delivery, (c) repair 
sheets are prepared by routeman and the work as- 
signed to mechanics most capable of doing the 
necessary work, (d) individual record cards are 
kept for each truck bearing a complete record of 
operating and maintenance costs and (e) aU 
trucks are given a monthly preventive mainte- 
nance inspection. J. A. Meiser, Jr. 
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FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

854. Digestibility studies with ruminaiits. XIII. 
The effect of the plane of nutrition on the di- 
gestibility of linseed oil meal. G. J. Watson, 
J. W. Kennedy, W. M. Davtoson, C. H. Robin- 
son and G. W. Mum, Dept, of Agr., Ottawa, 
Canada. Sci. Agr., 29, 6: 263-272. June, 1949. 

Using 6 grade Shorthorn steers, digestibility 
trials were carried out on 6 rations, 1 of hay, pre- 
dominately timothy, fed at the rate of 6.5 kg. and 
the others of 3 kg. of hay with linseed oil meal at 
rates varying from 1.0 to approximately 5.0 kg. 
Supplementary minerals and vitamins were given 
and the trial periods were arranged in a ran- 
domized Latin square set-up. The coefficients of 
digestibility in % were determined for dry matter, 
organic matter, nitrogen, ether extract, crude 
fibre, N-free extract and total carbohydrates and 
the means for the trials in which the mixed ra- 
tions were fed were treated statistically. 

The level of feeding had no influence on the 
digestibility of the nitrogen or on the ether ex- 
tract. As the level increased, the digestibility of 
the carbohydrate fraction decreased. This de- 
crease was statistically significant in the case of 
the total carbohydrates, dry matter and organic 
matter. The loss in TDN over the entire range 
of feeding was between 2 and 3%. O. R. Irvine 

855. Digestibility studies with ruminants. XIV. 
The effect of the plane of nutrition on the di- 
gestibility of barley. C. J. Watson, W, M. 
Davidson, J. W, Kennedy, C. H. Robinson 
and G. W. Mum, Dept, of Agr., Ottawa, Canada. 
Sci. Agr., 29, 8: 400-408, Aug., 1949. 

This is a study duplicating the one described 
in the previous abstract, except that barley re- 
placed linseed oil meal as the variable component 
of the ration. As the plane of nutrition increased 
the coefficients of digestibility decreased, signifi- 
cant differences being obtained in the case of all 
nutrients tested, i.e., dry matter, organic matter, 
nitrogen, ether extract, total carbohydrates and 
gross energy. 

The plane of nutrition calculated in terms of 
maintenance requirements from Brody’s formula 
indicated that the rations ranged from 0.75 to ap- 
proximately 1.5 times that required for mainte- 
nance. O, R. Irvine 

856. Composition and digestible energy of 
hays fed to cattle. T. G. Philups and M. E. 
Lauqhun. j. Agr. Research, 78, 10 : 389-395. 
May 15, 1949. 


The study was made on 25 samples of hay re- 
ceived from various laboratories in the U. S. 
These hays served as the sole ration in feeding 
experiments with cattle; of 18 samples tested 
there was a close relation between digestible and 
metabolizable energy. The lignin, protein, cel- 
lulose and crude fiber content of the samples all 
are related closely to their yield of energy but at 
different levels of these constituents for timothy 
and alfalfa. The lignin content serves as an ex- 
cellent means of estimating the digestibility of en- 
ergy and dry matter. Crude fiber content also is 
related significantly to the digestibility of energy, 
but less closely than the lignin content. 

H. Pyenson 

857. Carotene retention in alfalfa meaL Ef- 
fect of moisture content. G. F. Bailey, M. E. 
Atkins, and E. M. Bickoff. Western Reg. 
Research Lab., Albany, Calif. Ind. Eng. Chem., 
41, 9: 2033-6. Sept., 1949. 

The influence of moisture levels of 0.5 to 26% 
on the rate of loss of carotene in alfalfa meal was 
determined under various conditions of storage. 
It is known that during storage where there is 
no access to air there is practically no loss of caro- 
tene. In alfalfa meal having access to air mini- 
mum loss of carotene occurred at a moisture level 
of about 8%, but only 70 and 25% arc retained 
at 21 and 40® C., respectively, after 90 d. It is 
suggested that when the seal is broken on sealed 
samples the carotene is lost rapidly, increasingly 
SO at higher moisture levels. Carotene in alfalfa 
meal cannot be preserved effectively by con- 
trolling the moisture content under conditions of 
free access to air at temp, above 20® C. 

B, H. Webb 

GENETICS AND BREEDING 

N. L. VAN DEMARK, SECTION EDITOR 

858. Fructose and citric acid assay in the se- 
cretions of the accessory glands of reproduction 
as indicator tests of male sex hormone activity. 
T. Mann, D. V. Davies and G. F. Humphrey, 
University of Cambridge, England. J. Endocri- 
nol., 6, 1: 75-85. Apr., 1949. 

These studies were conducted with growing 
male rabbits, bull calves and young bulls. In the 
bull calves and young bulls, the seminal glands 
were weighed, examined histologically and ana- 
lyzed for fructose and citric acid. 

In bull calves 3-4 wk. of age, the seminal 
glands were poorly developed, the fructose con- 
tent was below 8 mg./ 100 g. of seminal gland 
tissue and no citric acid was detected. In bulls 
3-4 mo. of age, the seminal glands were enlarged. 
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there were some histological changes and the 
fructose values ranged from 42-108 mg./lOO g. of 
tissue. In bulls 6-12 mo. of age, the tubules of 
the seminal glands were practically all canalized 
and the fructose content ranged from 95-475 
mg./lOO g. of tissue. In mature bulls, the sem- 
inal glands contained 420-870 mg. of fructose and 
520-1120 mg. of citric acid /lOO g. of tissue. 

Six bull calves were castrated at 3 wk. of age. 
At the age of 8 mo., 2 of these calves were im- 
planted with pellets of testosterone propionate and 
all 6 calves were slaughtered at 9 mo. of age. In 
the non-treated castrates, there was no citric add 
in the seminal glands and little fructose. Al- 
though the fructose levels of the testosterone- 
treated castrate calves were not as high as con- 
trols of the same age, they did show a 6-fold in- 
crease in concentration over that of the non- 
treated castrates. 

Spermatogenesis was first observed in calves 6 
mo. old, although no mature spermatozoa were 
observed until animals were 1 2 mo. of age. Since 
the seminal glands function to secrete fructose 
and citric acid under the influence of te-stoster- 
one propionate, and since they are both formed 
in the bull calf before the active appearance of 
spermatogenesis, the authors conclude that the 
testicular hormone in the bull begins to function 
before spermatogenesis. V. Hurst 

859. The vaginal smear of the cow and causes 
of its variation. W. Hansel, S. A. Asdell and 
S. J. Roberts, Cornell Univ,, Ithaca, N. Y. Am. 
J. Vet. Research, 10, 36: 221-228. July, 1949. 

A careful study is reported of the changes in 
cell types found in the vaginal smear taken from 
normal cows at various stages in the estrus cycle 
and from cows treated with diethylstilbestrol 
and/or progesterone. Five distinct types of 
epithelial cells were tabulated at each examina- 
tion and the presence of leucocytes and erythro- 
cytes was noted. During estrus, few comified 
cells were found and leucocytes were numerous. 
The percentage of comified cells remained low 
until the eighth or ninth d. when it rose sharply 
and then remained high until 2 d. before estms. 
Smears from ovariectomized' heifers were so 
scanty that examination was unsatisfactory. Di- 
ethylstilbestrol-induced heat produced a cell pic- 
ture very similar to that in a normal heat. Add- 
ing progesterone increased the percentage of 
comified cells. E. W. Swanson 

Also see abs. no. 860. 

HERD MANAGEMENT 

H. A. HERMAN, SECTION EDITOR 

860. Growth of first generation crossbred dairy 
cidve& R. A. Hilder and M. H. Fohrman. 
J. Agr. Research, 70, 11 : 457-469. June 1, 1949. 

% 


An analysis was made of the rate of growth of 
first generation crossbred dairy calves as com- 
pared with the growth standai^s for purebreds. 
The calves used represented crosses of Holstein, 
Jersey, Guernsey and Red Dane cattle. The 
measures of growth used are live weight and a set 
of 5 skeletal measurements. There is some in- 
dication that the crossbreds tend to be slightly 
larger than the mean of the parent breed aver- 
ages. Heterosis is indicated in some groups by 
the fact that the crossbreds are significantly larger 
than the expected weight or measurement, but 
this does not hold true for all crossbred calves. 
Some interesting differences in breed interactions 
are shown, particularly in the Guernsey crosses. 

H. Pyenson 

861. Live-stock watering device. A. H. 

Hkmker. (Assignor to General Electric Co.) 
U. S. Patent 2,479,355. 3 claims. Aug. 16, 

1949. Official Gaz. U. S. Pat. Office, 625, 3: 
787. 1949. 

A bowl-shaped drinking fountain for cows, etc.', 
has a treadle within the bowl, which on being de- 
pressed admits water to the bowl. The entering 
water and the water remaining in the bowl when 
the device is not in use are heated electrically to 
any controlled desired temperature. 

R. Whitaker 

862. The seasonal distribution of calf and 
milk sales in West Wales and the probable in- 
fluence of climatic conditions on the rate of 
calving during the Autumn months and on the 
consequent milk production. R. Philups and 
J. L. .Davies, University College of Wales, 
Aberystwyth. J. Dairy Research, 16, 1: 1-13. 
Jan., 1949. 

Data arc given which indicate that regional de- 
creases in apparent winter conception rates are 
significantly similar to corresponding declines 
both in winter temperatures and in winter sun- 
shine. E. L. Thomas 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

863. Flavor and texture major influence in ice 
cream buying. Ice Cream Trade J., 45, 8: 48. 
Aug., 1949. 

Flavor and texture are the 2 main factors, 
which influenced consumers in their choice of 
brands of ice cream. Richness and smoothness 
were important to the majority. These and 
other facts about ice cream consumers’ purchasing 
habits were revealed by a recent survey made in 
Lexicon, Ky., by Merrill DeVoe of the Univer- 
sity of Kentud^. Pints were the best sized sales 
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unit; 4:00 to 7:00 p.m. was the time when most 
ice cream is purchased for home use; and it is 
served more frequently for dessert than for a be- 
tween-meal snack. Eighty-one % of the custom- 
ers buy take-home ice cream regularly, with the 
drug store, ice cream and dairy store about equal 
as a source of supply, followed closely by grocery 
stores. W. H. Martin 

864. Stabilizers and emulsifiers, their use in 
the production of ice creauL R. B. Redfern 
and W. S. Arbcckle, North Carolina State 
College. Sou. Dairy Prod. J., 46, 3: 30-39. 
Sept., 1949. 

Ice cream mixes containing (a) no stabilizer 
or emulsifier, (b) stabilizing products (gelatin, 
Dariloid, Pcrmagel), (c) combination stabilizer 
and emulsifier products (Vestirine, Frceze-Tcx, 
Dricoid, Gelox, Duo-Lizer) and (d) stabilizer 
plus emulsifier (gelatin and Dariloid, each with 
EM 220, Special Na-Pc-Co, Mixacoid, Vis-Ca- 
Tex, individually) were compared. 

The products mentioned had no significant ef- 
fect upon the pH of the mixes. All of the prod- 
ucts increased viscosity. Stabilizer plus emul- 
sifier increased viscosity least. The viscosity of 
mixes containing stabilizers increased most on 
aging with the exception of Dariloid mix which 
did not change viscosity. Stabilizers increased 
and emulsifiers decreased surface tension. The 
combination products produced no change and 
the .stabilizers plus ebiulsifiers, with the exception 
of Dariloid plus Mixacoid, showed reductions in 
surface tension. Stabilizers increa.sed the whipping 
time and emulsifiers decreased it. Stabilizer plus 
emulsifier decreased whipping lime. 

The use of emulsifiers resulted in smaller ice 
crystals and smaller air cells. The stabilizers and 
combination products increased the rate of melt- 
ing and stabilizer plus emulsifier decreased melt- 
ing rate. TTic combination products caused the 
ice cream to withstand heat shock best. All the 
products resulted in greater resistance to heat 
shock than the controls. Stabilizing and emul- 
sifying agents tended to increase shrinkage, the 
greatest effect being produced by stabilizer plus 
emulsifier. 

The effects of the use of stabilizers and emul- 
sifiers were greater with batch freezing than with 
continuous freezing. F. W. Bennett 

865. Making good ices and sherberts. C. D. 
Dahle. Can. Dairy Ice Cream J., 28, 8: 27-29, 
78-82. Aug., 1949, 

Definitions of ices and sherbets, composition, 
sugars used, sugar and fruits, milk solids, stabil- 
izers, acidity, overrun, freezing, flavoring and 
defects are discussed. H. Pyenson 


866. Defects in ice cream and how to cure 
them. C. D. Dahle. Can. Dairy Ice Cream 
J., 28, 8: 62-66. Aug., 1949. 

The defects reviewed arc old material, unclean 
flavor, cooked flavor, neutralizer flavor, salty 
taste, sour taste, oxidized flavor, rancid flavor, 
soggincss, fluffy body, gummy body, crumbly 
body, coarse texture, buttery ice cream, sandiness, 
separation and curdincss, failure to melt and 
.shrinkage. H. Pyenson 

867. Creation of marbleized patterns from 
semifluid substances. C. C. A. Reetz. (As- 
.signor of one-half to L. A. Bloom.) U. S. 
Patent 2,479,261. 5 claims. Aug. 16, 1949. 
Official Gaz. U. S. Pat. Office, 625, 3: 763. 
1949. 

Ice creams having different flavors or colors are 
blended continuously in this device as the prod- 
uct leaves the freezer to produce a variegated or 
marbelized effect. The blending is effected by 
bringing the ice creams together through tubes, 
one within the other, and mixing into the varie- 
gated condition by passage through spiral auger- 
shaped fins or blades within the single outlet 
tube. R, Whitaker 

868. Trends in ice cream packages. H. W. 
PicKELL. Can. Dairy Ice Cream J., 28, 7: 31, 
80. July, 1949. 

An ice cream product that is easily purchased 
during shopping trips, an attractive package and 
a reasonably priced and good quality product are 
recommended to develop sales. H. Peyenson 

Also sec abs. no. 811, 830, 840, 841, 842. 

MILK AND CREAM 

P. H. TRACY, SECTION EDITOR 

869. Significance of milk quality tests. W. H. 
Chilson, Kansas State College Manhattan. 
Milk Dealer, 38, 10: 82-90. July, 1949. 

The acidity test has little value other than a 
check on the very poorest quality milk. The 
natural acidity of milk varies from 0.13 to 0.20%; 
before a measurable acid rise of even 0.01% is 
evident the bacterial population must increase to 
at least 10,000,000/cc. 

The odor test is much more reliable than the 
acidity test and as reliable or more reliable than 
taste. A well-trained man usually can pick out 
warm milk with a bacterial content of about 
1,000, 000/cc. and cold milk of 4 or 5 million/cc. 

Neither the methylene blue nor the resazurin 
test is accurate enough for general use on high 
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quality milk. They are considered accurate On 
milk containing about 500,000 bacteria/cc or 
more. 

The sediment test does not show much about 
the quality of milk. It may show clean milk 
production or just a good straining job on the 
farm. 

The microscopic test is one of the most valuable 
in controlling the quality of a producer’s milk. 
However, some technicians may over-rate their 
ability to look in the microscope and tell you just 
what is the trouble on the farm. 

The standard plate count is the laboratory test 
usually used to determine the bacterial quality of 
low count raw milk and pasteurized milk. As a 
general rule it measures a given % of the total 
bacteria present, and as the number increases, 
either by contamination or growth, the plate 
count increases correspondingly. 

A thermoduric count may enable the control 
department to detect unsanitary milking machines, 
pails, etc., that are not detected by other tests. 
The coliform test is of little value when used on 
raw milk. The test is used on pasteurized milk 
to determine contamination after pasteurization. 

The phosphatase test is not a test of the bacterial 
quality of milk; it determines the presence or 
absence of the enzyme phosphatase and, therefore, 
is a test only for proper pasteurization. 

The incubation test is a simple practical test to 
determine how long the milk or cream will keep 
at room temperature. 

The selection of the tests that will be used for 
a particular milk supply will depend upon type 
of product sold, money spent for control, per- 
sonal preference, laboratory facilities, amount of 
field work to be done and other factors. A test 
or tests should be selected that will best control 
the quality of the particular milk supply. ** 

C. J. Babcock 

870. How much is a quart? A. J. Powers, 
Borden’s Farm Products, Brooklyn, N. Y. Proc, 
41st Ann. Convention Milk Industry Foundation, 
Plant Sec., vol. 2, p. 54. 1948. 

Lack of uniformity exists between states in 
defining a quart measure of milk. Both the 
bottle fill-point and temp, of filling should be 
defined. Some states require filling to the cap 
seat, other to 0.25 in. below the cap seat, and 
several states have no fill-point requirement. In 
10 states the vol. of liquid measure is specified at 
68 to 70® F. When health department regula- 
tions concerning bottling temp, are adhered to 
(generally 50® F.), losses accrue to the milk co. 
due to the greater wt. of milk at the lower temp, 
th^^at 68® F. Milk shrinks 3.30 ml / qt. 1m- 


tween 68 and 40® F. When 10,000 qt./d. are bot- 
tled at 40® F., an extra 75.24 lb. of milk are re- 
quired to reach the fill-point established for 68® F. 

D. J. Hankinson 

871. Cream separator. L. C. Copeman. (As- 
signor to Gopeman Laboratories Go.) U. S. 
Patent, 2,477,863. 4 claims. Aug. 2, 1949. 
Official Gaz. U. S. Pat. Office. 625, 1: 167. 
1949. 

Cream may be removed from a bottle of milk 
by this device consisting of a cylinder which just 
slides into the neck of the bottle. It is positioned 
by a flange located in about the middle of the 
cylinder, which fits snugly in theNcap seat. The 
top outlet is restricted in size and is closed by the 
finger tip when device is removed from the bottle. 

R. Whitaker 

872. Concentrated sweet cream fat grinder. 
J. B. Orrell. ( Assignor to Abbotts Dairies, Inc. ) 
U. S. Patent 2,479,080. 2 claims. Aug, 16, 
1949. Official Gaz. U. S. Pat. Office, 625, 3: 
717. 1949. 

Blocks of frozen cream are pushed horizontally 
by a piston against a covered, rapidly rotating fan- 
like clement which shaves the cream and dis- 
charges the comminuted material through an out- 
let below the whirling blades. The shaved cream 
is defrosted more readily than the original block 
of frozen cream. R. Whitaker 

873. Chocolate dairy drink. E. V. Hammond, 
J. H. Murray and W, A. Weir. Can. Dairy 
Ice Crehm J., 28, 5: 34-39. May, 1949. 

Chocolate dairy drink increases the total con- 
sumption of fluid dairy products and, therefore, 
the total intake of Vit. A is greater. Chocolate 
dairy drink cannot be said, because of its 4 to 
5% sugar content, to be a factor in dental caries. 
Cocoa taken in the form of dairy drink is not 
harmful and is recognized as a highly nutritious 
food. H Pyenson 

Also see abs. no. 806, 807, 808, 818, 819, 825, 
826, 827, 881, 843, 844, 845, 846, 847, 848. 

MILK SECRETION 

V. R. SMITH, SECTION EDITOR 

874. EiqMriments on milking technique. 3. 
Combined effect of redudog Ae milking time 
and washing the udder with hot water. 4. 
Effect of increasing the milking time. F. R 
Dodd and A. S. Foot, National Institute for 
Research in Dairying, Reading, England. J. 
Dairy Researdi, 16, 1 : 14-22. Jan., 1949. 
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Twenty cows (17 Shorthorn and 3 Guernsey) 
all in declining lactation were divided into 5 
blocks of 4 cows each. During the first 2 wk. the 
udders of all cows were washed with cold water 
(approximately 60° F.) about 1 min. before 
putting on the teat cups. During a 5-wk. ex- 
perimental period the combined effect of reducing 
the milking time to 60% of the orignal flow 
period and washing the udder with hot water 
(approximately 120° F.) was studied. During 
a final 2-wk. period all cows were treated as in 
the initial control period. The data on milk 
yield indicate a complete lack of response to the 
change to washing the udder with hot water. 
Restriction of milking time to 60% of the original 
flow period caused an immediate abnormal de- 
crease in yield with no recovery apparent through- 
out the experiment. A temporary increase in 
rate of flow resulted from the restriction in milk 
time; this was explained on the basis of increased 
udder pressure. The authors pointed out that 
none of the cows in the experiments was initially 
slow in letting down its milk and also that the 
experiments did not cover long-term training to 
a quicker flow. 

In another experiment on 10 cows covering a 
16-wk. period, neither the yield and quality of 
milk nor the rate of milking was affected by 
leaving the teat cups on at each milking twice as 
long as was necessary to carry out a normal milk- 
ing. E. L. Thomas 

NUTRITIVE VALUE OF DAIRY 
PRODUCTS 

R. JENNESS, SECTION EDITOR 

875. Reviews of the progress of dairy science. 
Section D. Nutritive value of milk and milk 
products. J. Dairy Research, 16, 1:68-127. 
Jan., 1949. 

This is a comprehensive review covering most 
of the literature relative to the above field pub- 
lished during the years 1942-1947 inclusive. 
913 references. £. L. Thomas 

876. The effect on the biological value of bread 
nitrogen of additions of dried skim milk and of 
soya flour. K. M. Henry and S. K. Kon, Na- 
tional Institute for Resarch in Dairying, Reading, 
England. J. Dairy Research, 16, 1 : 53-57. Jan., 
1949. 

Four lots of bread were baked using 85% 
extraction flour alone and others supplemented 
with 6% dry skimmilk, 5.56% full-fat soya flour 
and 3% dry skimmilk plus 2.78% soya flour, re- 
spectively. The biological values of the proteins 


of the breads were determined on rats by the 
balance sheet method at an 8% level of protein 
intake. These were, respectively, 56.7, 59.3, 
62.6 and 61.9 and the true digestibilities were 
91.9, 90.6 90.9 and 90,8. It was concluded that 
the soya-flour protein exerted a supplementary 
effect on the proteins of the plain and of the milk 
bread, whereas milk proteins showed no such 
supplementary effect, the effect being only addi- 
tive; a possible explanation is that milk is known 
to be deficient in cystine, whereas heating renders 
the cystine of soya bean available to the animal 
organism, no deficiency of this amino acid existing 
in the heated product. 

All except 1 of the samples of dry skimmilk 
used possessed abnormally low biological values 
and hence were apparently deficient in lysine, 
as has been shown to be the case in deteriorated 
milk powders. The fact that the 1 sample of dry 
skimmilk with a normal biological value of 81 
failed to indicate a supplementary effect on bread 
protein is the only evidence against the possibility 
of a lysine deficiency being a factor in the ex- 
perimental results reported. E. L. Thomas 

877. The influence of heat-processing on the 
functional and nutritive properties of protein. 
D. Melnick and B. L. Oser. Food Tech., 3, 
2; 57-71. 1949. 

Casein, lactalbumin, skim milk, whole milk, 
dried skim milk, dried whole milk and other 
proteins were included in this study. It is pro- 
posed that the concept of food protein as N x 6.25 
should be extended to include a consideration of 
both the functional and nutritive properties of the 
protein. The functional properties affect appear- 
ance and palatability of the product and can be 
evaluated by determining the degree of protein 
denaturation. The nutritive properties of protein 
may be determined by animal assay but this data 
should be supplemented with m vitro tests. A 
procedure for determining the susceptibility of 
protein to enzymic digestion is given. 

The more readily digestible food samples, ac- 
cording to the in vitro test, exhibited the higher 
biological value. Microbiologically available 
lysine was liberated from heated protein by pan- 
creatin at a much slower rate than from the un- 
heated product. For the optimal utilization of 
food proteins the essential amino acids all must 
be available for absorption and they also must be 
liberated during digestion at rates that permit 
mutual supplementation. 

The formol titration curves of 14 amino acids 
are shown. A pH of 9.5 was selected as the end- 
point of the formol titration that gave the most 
reliable results. The nitrogeif content of 18 foods 
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as determined by formol titration tended to 
average about 4% less than by the Kjeldahl 
analysis. £. R. Garrison 

PHYSIOLOGY AND 
ENDOCRINOLOGY 
R P. REECE, SECTION EDITOR 

B78. Goitrogenic effect of aminothiazole and re- 
actions of thymus and lymphoid tissue. C. 
Gregoire, Foundation medicale Rcine Elizabeth 
and Fonds National de la Recherche Scientiiique, 
Brussels, Belgium. J. Endocrinol., 6, 1: 14-22. 
Apr., 1949. 

Male and female white rats ranging in age from 
6-8 wk. were used. Animals studied were con- 
trols, 2-aminothiazole fed, and those which were 
incompletely thyroidectomized, incompletely thy- 
roidectomized and given 2-aminothiazole, thy- 
roidectomized, and thyroidectomized plus 2- 
aminothiazole. The 2-aminothiazole was ad- 
ministered in the drinking water as a 0.1% 
solution for 21 d. Measurements included the 
wt. and histology of the thyroids, thymus, spleen 
and lymph nodes, the wt. of the adrenals, the 
histology of the kidneys and body growth. 

Growth was retarded in all groups except in 
those rats that were incompletely thyroidecto- 
mized. In animals given aminothiazole, the 
thyroid glands weighed more than 3 times those 
of the controls on an av. relative wt. basis. His- 
tologically, aminothiazole produced thyroids with 
high columnar epithelium and devoid of colloid. 
Thyroidectomy or aminothiazole administration 
either impaired the growth of the thymus or 
caused involution to the extent that the thymus 
glands of these animals weighed only one-half 
as much as the thymus glands of the controls. 
Histologically, neither thyroidectomy nor amino- 
thiazole administration caused any striking 
changes in the splenic tissues. Aminothiazole 
administration superimposed upon thyroidectomy 
did not cause a greater change in thymus weights 
or histology than did thyroidectomy alone. In 
the dosages administered, no significant changes 
in wt. or histology of the other glands studied 
were brought about by aminothiazole administra- 
tion. 

It is suggested that the action of aminothiazole 
on the thymus is not direct but that it is mediated 
through the thyroid gland. V. Hurst 

879. The Sulkowitch test as a guide 
diagnosis and therapy of bovine hypocalcemia. 
D. K. Detweiler and J. E. Martin. Univ. of 
Petm., Philadelphia. Am. J. Vet. Research, 10, 
36:201-207.:^ 1^1949. 


The Sulkowitch test for urine Ga has been pro- 
posed as a means of differentiating hypocalcemic 
conditions from others which give similar symp- 
toms. The test is a precipitation of Ga as oxalate 
at pH 2.6 to 4.5. Gows with hypocalcemia (below 
8.4 mg. % serum Ga) usually gave a negative test. 
Some cases of normal blood Ga were observed 
with negative Sulkowitch test. Hypercalcemia 
was always accompanied by a heavy positive 
Sulkowitch test. Variables such as urine pH, 
concentration, blood Ga level and manipulation 
of the test affect the agreement between serum 
Ga and urine Ga. As a clinical test, it should 
be of value in preventing Ca injections for animals 
already hypcrcalcemic and confirming suspected 
cases of hypocalcemia before treatment. 

E. W. Swanson 

880. Renal excretion following intravenous in- 
jection of calcium salts in the normal cow. A. H. 
Craioe, Jr., R. B. Johnson, E. G. Blackburn 
and J. M. Coffin, Univ. of Md., College Park. 
Am. J. Vet. Research, 10, 36: 217-220. July, 
1949. 

Intravenous injections of 10.5 g. Ca in 500 cc. 
were given as Ca borogluconate and CaCl^ to each 
of 4 normal cows, one lactating. Urine was col- 
lected continuously for 1 to 2 hr. before injec- 
tion and 2 or 3 hr. afterward. Blood samples were 
taken before injection and 3 min., 1, 2 and 24 
hr. post injection. Analyses were made of blood 
for Ca and P and of urine for rate of excretion, 
pH, carbonates, NH^, Ca, P, Cl, organic acids, 
creatine, creatinine, volatile phenols, hydroxy- 
acids and. residual phenols in order to correlate 
changes with recovery rate of cows treated for 
milk fever. Although both Ca compounds are 
effective in milk fever treatment, their effects on 
renal excretion were markedly different. A rise 
in blood and urine Ca and a decrease in urinary 
output of volatile phenols was common to both 
treatments. Ca gluconate caused an increased 
urine volume while CaClj produced a decrease. 
Diarrhea followed injections of both compounds. 
No consistent change in P was noted and P was 
found in urinef only in traces. E. W. Swanson 

881. Process for produdng synthetic thyco- 
protein. C. W. Turner and E. P. Rexneke. 
(Assignors to American Dairies, Inc. and the 
Quaker Oats Co.) U. S. Patent 2,478,065. 8 
claims. Aug. 2, 1949. Official Gaz. U. S. Pat. 
Office, 625, 1: 219. 1949. 

A protein, such as casein, is iodinated at a 
temperature of 15-70® G and at a pH of 6B-10.0 
until the Millon test is negative. The iodinated 
protem is then heated for 12-'72 hr. at 50-100® C 
with MnO as a catalyst. R. Whitaker 
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882. The fractionation of v-globulin by electro- 
phoresb-convection. J. R. Gann, R. A. Brown 
and J. G. Kirkwood. Calif. Institute of Tcchnol. 
J. Am. Chem. Coc., 71, 8 : 2687-2691. Aug., 
1949. 

Because of its known heterogeneity and im- 
munological importance, sub-fractionation of y* 
globulin, Fraction II of bovine plasma obtained 
by ethanol fractionation, was attempted by appli- 
cation of the method of electrophoresis-convec- 
tion. Employing the isoelectric procedure, where- 
by the protein components successively are im- 
mobmilized at their respective isoelectric points, 
Y-globulin was separated into 4 fractions of 
different mean mobilities and isoelectric points. 

Fraction A, representing 45% of the original 
Y-globulin, corresponds roughly to the bovine 
Ya'globulin of Hess and Deutsch. It had a 
mobility of -1.35 x 10-® and an isoelectric point 
of 7.03, 0.5 pll Unit greater than the mean 
isoelectric point of y-globulin. Fraction B ap- 
pears to correspond to the bovine Yi - globulin of 
Hess and Deutsch, which has a mobility of -2.1 x 
10 "=. 

The second stage of fractionation of bovine 
Y-globulin resulted in a top fraction, Fraction C, 
having a mobility of -1.63 x 10 = and an isoelec- 
tric point of 6.47. Fraction D, the bottom frac- 
tion, had a mobility of -2.20 x 10-= and an iso- 
electric point of 6.01, which is about 0.5 pH unit 
lower than the megn isoelectric point of Y-glob- 
ulin. Fraction C represented 19% and Fraction 
D 36% of the original Y-globulin. 

When properly normalized and combined, the 
gaussian mobility distributions of these fractions 
yield a mobility distribution in agreement with 
that of Y-globulin itself, H. J, Peppier 

Also see abs. no. 858. 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

883. Easier and more effective cleaning methods. 
John R. Perry, Sealtest, Inc., New York. Proc. 
41st Ann. Convention Milk Industr>’ Foundation, 
Plant Sec., vol. 2, p. 32. 1948. 

Cleaning methods in use in many dairies are 
described as primitive. The lack of available 
equipment has prompted the designing of certain 
appropriate pieces of equipment of importance 
in efficient cleaning. 

Hot water from an electric hot water generator 
of the reser\^oir type is mixed with cold water by 
means of a tempering valve. This water at 115® 
F. is supplied to all hose stations, each of which 
is equipped with a pressure regulating valve for 
supplying no more than the necessary pressure to 


perform the cleaning. A special lightweight 0.5 
in. creamery hose is provided at the hose stations; 
this is more economical and at the same time 
delivers an adequate amount of water. Each 
hose is equipped with a rubber-covered shut-off 
valve at the discharge end. The operator can 
control the water flow without making trips to 
the hose stations. 

Specially designed tanks for cleaning separator 
and clarifier parts and sanitary fittings make use 
of rotating brushes to which cleaning solution is 
fed. Rinsing is accomplished in a separate com- 
partment by means of a foot-controlled spray. A 
sanitary fitting “buggy” is provided for trans- 
porting parts to be washed to the wash sinks. 
Solution-fed brushes, equipped w'ith long-wearing 
nylon bristles, arc provided for cleaning larger 
stationary equipment such as coolers, vats, etc. 
Some types of solution-fed brushes are equipped 
with a rotating brush, powered by an air turbine. 

Improvements in spray equipment for applying 
chemical sterilizing agents also have been made. 

Economies result from decreased labor for 
cleaning, better cleaning, reduced fuel consump- 
tion, lower water usage, lower hose costs, de- 
creased brush expenditures and reduced usage of 
cleaning compounds. D. J. Hankinson 

884. Acid cleaners — ^their value and proper use. 
C. B. Shogrkn, Klenzade Products, Inc., Beloit, 
Wis. Proc. 41st Ann. Convention Milk Industry 
Foundation, Plant Sec., vol. 2, p. 40. 1948. 

The conventional alkaline cleaners used for 
many years possessed certain limitations, chief 
of which were poor emulsification, peptizing action 
and rinsing. Hard water likewise imposed a 
problem. The development of suitable organic 
acids together with the new wetting agents made 
possible a cleaning combination which overcame 
the limitations of the alkaline cleaners. This 
combination, referred to as an acid cleaner, but 
more properly called an organic cleaner, possesses 
one shortcoming in that fat is not effectively re- 
moved. Continued use leads to a dark greasy 
film on equipment. 

An effective cleaning program can be followed 
to take advantage of the beneficial effects of both 
alkaline and acid cleaners by using both materials 
but at different times. Under normal conditions 
an alkaline cleaner is used for 3 days and on the 
4th day the acid cleaner is used. With very hard 
water the acid cleaner should be used every other 
day. Milk stone is kept under control without 
resorting to arduous scrubbing to remove built-up 
deposits. D. J. Hankinson 

885. Combined cleaner-sanitizing agents — ^their 
advantages and limitations. G. J. Hucker, New 
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York Agr. £xpt. Sta.» Geneva. Proc. 4l8t Ann. 
Convention Milk Industry Foundation, Plant Sec., 
vol.2,p.44. 1948. 

A single compound was sought which would 
accomplish both cleaning and sterlizing in 1 
operation and which also would be effective in 
cold water. Alkaline cleaners were unsatisfactory 
because they were not compatible with available 
sterilizing agents. The wetting agent or anioiuc 
type of cleaner was not considered satisfactory 
because cleaning was not effective and also be- 
cause the germicidal action of the sterilizing 
component of the mixture was reduced. The 
non-ionic group of cleaners was most favorable 
because of compatibility with sterilizing agents, 
particularly the quaternary ammonium com- 
pounds. However, the non-ionic compounds 
were not sufficiently effective as cleaners without 
some modification. The addition of the “proper 
alkali** is recommended to enhance the cleaning 
qualities. 

Studies with modified non-ionic quaternary 
mixtures for cleaning milking machines and for 
use in dairy and food plants indicated very satis- 
factory performance. Marked reductions in raw 
counts and thcrmoduric counts were observed. 
Washing by flushing with the solution was not 
effective and led to a slimy condition on certain 
milking machines. Brushing of rubber parts was 
recommended. A dispenser which feeds into cold 
water lines is suggested for dairy plant use to aid 
cleaning operations. D. J. Hankinson 

886. Corrosion by commercial sodium hypo- 
chlorites and its inhibition. G. H. Botham and 
G. A. Dummett, A.P.V. Laboratories, London, 
England. J. Dairy Research, 16, 1 : 23-38. Jan., 
1949. 

Nine samples of commercial hypochlorites were 
corrosive at 150 p.p.m. available chlorine and 40® 
C. to metals such as aluminum, tinned copper, 
nickel silver and cast stainless steel (18 Gr, 8 Cu, 
3 Mo). Hypochlorites containing KMnO^ when 
aged were found to attack wrought 18/8 stainless 
steel. 


Sodium silicate added at the rate of 0.25% by 
vol. to hypochlorites diluted to 150 p.p.m. avail- 
able chlorine effectively inhibited corosion of all 
metals studied, with the exception of aluminum 
which showed slight attack after 24 hr. contact. 
The silicate ion apparently exerts a specific effect 
since additions of NaOH and NajCOg to the same 
pH were not effective and actually increased 
attack on aluminum. Increase of pH from 9 to 
10.5 by the addition of either NagCOg or sodium 
silicate resulted in an equal and significant re- 
duction of bactericidal efficiency of the hypo- 
chlorites. E. L. Thomas 


887. Field testing for quaternary ammonium 
compounds. W. K. Mosely. W. K. Mosely 
Laboratories, Indianapolis, Ind. Milk Plant 
Monthly, 38, 7: 76-77. July, 1949. 

The object of this investigation was to perfect 
a rapid, sensitive, yet simple method for deter- 
mining quantitatively quaternary ammonium 
compounds in concentrations of 10 to 300 ppm. 
The resulting test is conducted as follows: to 1 
ml. of the solution to be tested is added 0.1 ml. of 
a 5% citric acid buffer and 1 ml. of standard 
cosin indicator and the contents shaken until a 
pink color apears in the lower layer. The con- 
tents of the test tube then arc titrated with a 
0.01% di-octyl sodium sulfosuccinate solution 
until the red color disappears or becomes white; 
the ppm. of quaternary compound may then be 
read from a standard reference curve. 

This method was proven accurate for 3 com- 
mercial quaternary germicides. Also it could 
account for all the quaternary compounds added 
to a 1% skim milk solution. All tests must be 
as near pH 3.5 as possible if an accurate deter- 
mination is to be had. A modification of the 
above method involving paper strips saturated 
with eosin solution also was perfected and could 
be used as a rough estimate of the quaternary 
present. J. A. Meiser, Jr. 

Also see abs. no. 816, 824. 
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888. Methods of vitamin assay. Assoc, of Vita- 
min Chemists, Inc., Interscience Publishers, Inc., 
N. Y. 189 pp. 1947. 

This volume is based upon actual laboratory 
check of methods for Vitamin A, carotene, thia- 
min, riboflavin, niacin and ascorbic acid. Chemi- 
cal formulae, spectroscopic characteristics (ex- 
cept for niacin and ascorbic acid), sources, rela- 
tive precision of methods and detailed methods 
of assay are presented for the vitamins listed 
above. Literature references are presented for 
assay of vitamins, D, E and K and for biotin, 
folic acid, p-amino benzoic acid, inositol, choline, 
pantothenic acid and pyridoxine. An excellent 
section is presented relative to sampling, though 
unfortunately, dairy^ products are slighted in this 
section. The volume is written critically and 
should be in the libraries of all who are engaged 
in vitamin work. E. W. Bird 

ANIMAL DISEASES 

W. D. POUNDEN, SECTION EDITOR 

889. Incidence of Q fever in eastern Washing- 
ton. R. Doddananjayya, State College of Wash., 
Pullman. Pub. Health Repts., 64, 39: 1236-1236. 
Sept. 30, 1949. 

A seriological survey showed that Q fever exists 
in eastern Washington in both humans and ani- 
mals. Six of 289 samples of human sera were 
found to have Q fever complemcntcd-fixing anti- 
bodies, in titers ranging from 1 : 8 to 1 : 1 28. Three 
of these positive sera were from humans having 
close contact with animals while the other 3 per- 
sons had no occupational contact with animals. 
Out of 327 samples of blood sera from beef and 
dairy cattle, 9 were found to be positive with 
titers ranging as high as 1:128. The breed, age 
and sex of the animals had no special significance. 

D. D. Deane 


O. F. HUNZIKER, SECTION EDITOR 

890. Smorets struktur vid vanlig och kontinuer- 
lig smdrtillverkning. (The structure of butter 
by the usual buttermaking process as compared 
with the continuous method.) N. King. Svenska 
Mejeritidningen, 40, 9: 95-97. Feb., 1948. 40, 
10: 105-109. March, 1948. 

The effect of physical and chemical factors on 
the structure and consistency of butter is discussed 
in detail. The microscopic structure of butter 
consists of fat globules, fat crystals, brine drop- 
lets and air cells. Liquid butter fat serves as 
embedding medium for these elements. Fe and 
Cu present in cream in combination with phos- 
pholipids and proteins are believed to be trans- 
ferred to the butter. The number of fat crystals 
in free fat and their size arc believed to play an 
important part in the hardness and consistency 
of butter. The size and number of brine droplets 
may have some influence upon the appearance 
and keeping quality of butter. 

In the phase inversion of the cream as it oc- 
curs in the Alfa process for continuous butter- 
making the following steps are enumerated: (a) 
fat globules distributed in milk scrum, (b) begin- 
ning clumping with fat globules partly combined 
in clumps, (c) very large clumps with an irregular 
edge, (d) double emulsions in which both brine 
droplets, containing larger or smaller numbers of 
fat globules are present in the fat phase and fat 
globules with a birefringent peripheral layer and 
(c) a system with fat globules and brine droplets 
in free fat and no fat globules in brine droplets. 

It is pointed out that microscopic methods are 
of considerable value in research involving butter 
structure but the microscopic method is useful 
only when dimensions are not smaller than 0.5- 
0.1 {t. Undoubtedly there are present in butter, 
particles varying from 0.1{i, to Impi such as small 
fat crystals in free fat, water veins and phospholi- 
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pid-protein membranes of fat globules. In order 
to obtain more information regarding these, it 
will be necessary to use methods that will be as 
aatisfactory in the submicroscopic field as the 
microscopic methods are in the microscopic field. 

G. H. Wilster 

891. Metallic chums and butter kneaden hav- 
ing no kneading rollers. F. J. J. J. Henrakd. 
(Assignor to Ecremeuses Melotte.) U. S. Patent 
2,481,842. 2 claims. Sept. 13, 1949. Official 
Gaz. U. S. Pat. Office, 626, 2; 497. 1949. 

This metallic chum and butter kneader rotates 
on its horizontal axis, the 2 end walls being flat 
and parallel. Instead of the usual cylindrical 
shape, with the cross-section in the shape of 
circle, the cross-section of this churn is in the 
shape of 3 equal cyloidal curves, thus providing 
suitable agitation for churning and working action 
for the butter as the chum is rotated. 

R. Whitaker 

CHEESE 

A. C. DAHLBERG, SECTION EDITOR 

892. Cheese cutting machine. L. M. Seely. 
U. S. Patent 2,481,162. 3 claims. Sept. 6, 1949. 
Official Gaz. U. S. Pat. Office, 626, 1 : 203. 1949, 

Cheese may be sliced in any shape by this ver- 
tical gravity-operated knife. A guard prevents 
operator injury by the knife. R. Whitaker 

893. Rotary drum cheese grater. J. Orlando. 
U. S. Patent 2,481,336. 1 claim. Sept, 6, 1949. 
Official Gaz. U. S. Pat. Office, 626, 1 ; 248. 1949. 

A rotating dmm having a rough surface grates 
the cheese as it is fed continuously to tftc drum. 

R. Whitaker 

894. Manufacture of rennet paste. £. C. Scott 
and-G. W. McDonald. (Assignors to Swift and 
Co.) U. S. Patent 2,482,520. 4 claims. Sept. 
20, 1949. Official Gaz. U. S. Pat. Office, 626, 3: 
809. 1949. 

A paste is made of 60 parts whole milk curd 
and 1 to 12 parts of rennet extract and the pH 
adjusted to 4 to 5. R. Whitaker 

Also see abs. no. 897. 

DAIRY BACTERIOLOGY 

P. R. ELLIKER, SECTION EDITOR 

Mechanism of the fermentation of lactose 
hy yeasts. Morrison Rogosa, U. S. Dept, of 


Agr., Washington, D. C. J. Biol. Chem., 175, 
1:413-423. Aug., 1948. 

Evidence is given that enzymatic hydrolysis of 
lactose to the component monosaccharides is not 
necessary for fermentation. Ten different lactose- 
fermenting organisms were used in the study. 

A. O. Call 

DAIRY CHEMISTRY 

H. H. SOMMER, SECTION EDITOR 

896. Methods for determining the iron contmt 
of milk. F. A. Johnston, Naomi Gellman and 
JuNUTA Strom, Cornell Univ., Ithaca, N. Y. 
J. Biol. Chem., 175, 1: 343-347. Aug., 1948. 

In 1943 the National Research Council re- 
ported the Fe content of milk as 2.0 mg./kg. This 
figure was lowered to 0.7 mg./kg. in their 1945 
published tables. In 1944 the senior author re- 
ported a value of 0.32 mg. Fc/kg. A rccheck of 
the dry ash method originally used showed it to 
be reliable when compared with two other meth- 
ods. Ten separate milk samples from 5 distrib- 
utors (presumably from the Ithaca area) were 
tested for Fe by 3 methods. The average values 
by each method were 0.38, 0,39 and 0.33 mg./kg. 
The highest reported value of any sample by any 
method was 0.59, and the lowest 0.25 mg./kg. 
Details of an improved wet ashing procedure are 
given. A. O. Call 

897. The estimation of fatty acids of inter- 
mediate chain length by partition chromatog- 
raphy. M. H. Peterson and M. J. Johnson, 
Univ. of Wis., Madison. J. Biol. Chem., 174, 3: 
775-789. July, 1948. 

While investigating the role of fatty acids in 
Cheddar cheese flavor a chromatographic method 
for the quantitative estimation of formic, acetic, 
propionic, n-butyric, caproic, caprylic and capric 
acids was developed. A detailed description for 
the preparation of both macro and micro chro- 
matogram tubes and their development, as well as 
the titratjon of aliquots of the effluents is given. 
Sulfuric acid (27 to 35 N) was used as the non- 
mobile phase and Celite 545 as an inert filler. 
For routine estimations in biological materials 
one macro and three micro columns were used. 
Analyses of known mixtures, as well as butterfat 
with added known amounts of fatty acids showed 
recoveries with an 8% maximum error, 

A. O. Call 

898* Stable fortified milk products and process 
of preparing same. G. E. Grindrod. (Anignor 
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to Wis. Alumni Research Foundation) U. S. 
Patent 2,481,414. 11 claims. Sept. 6, 1949. 

Official Gaz. U. S. Pat. Office, 626, 1: 268. 1949. 

An insoluble salt of Cu, Fc or Mn is allowed to 
absorb an edible protective colloid and the dis- 
persion is incorporated into liquid milk products 
to form a fortified concentrated sterilized food. 

R. Whitaker 

899. Stable milk product containing added anti- 
anemia factor and process of making same. G. 

E. Gwndrod. (Assignor to Wis. Alumni Research 
Foundation.) U. S. Patent 2,481,415. 7 claims. 
Sept. 6, 1949. Official Gaz. U, S. Pat. Office, 
626, 1: 268. 1949. 

Essentially the same as Abstract 898, except 
that ascorbic acid is added to the product before 
canning and sterilizing. R. Whitaker 

DAIRY ENGINEERING 

A. W. FARRAU., SECTION EDITOR 

900. Practical ammonia refrigeration. Cool^ 
buttermilk, condensed milk and ice cream mix. 
C. H. Minster, Greenbriar Dairy Products Co., 
Bccklcy, W. Va. Ice Cream Rev,, 33, 2; 52, 54, 
56, 57, 58, 60. Sept,, 1949. 

The refrigeration load as applied to cooling 
buttermilk involves cooling the fluid skim milk 
from the pasteurization temperature of 180-190® 

F. to the setting temperature of 70-74® F., and 
cooling of the finished product from the setting 
temperature down to 50® F. or below. Sur- 
face coolers, plate-type coolers or coil vats may be 
used in cooling the fluid skim milk. Vat cooling 
with sweet water or brine is the most common 
method employed in cooling buttermilk from 
the setting temperature to 50® F. or below. 
Freezing of any part of the buttermilk and exces- 
sive agitation during cooling are to be avoided. 

Sweetened condensed milk may be cooled in a 
coil vat or by an internal tubular cooler. The 
latter provides for continuous cooling from the 
pan with no intermediate crystallization period 
required. The well water temperature and the 
final temperature desired are variables which will 
affect materially the refrigeration load in cooling 
sweetened condensed milk. 

Plain condensed milk may be cooled with a vat 
or plate-type cooler. The latter method appears 
to be growing more popular. Precautions should 
be taken to avoid contamination of the product 
and to prevent the incorporation of air during 


the cooling process. Evaporated milk, unless it 
is to be stored over night, need not be cooled prior 
to canning and sterilization. 

Ice cream mix, because of its greater viscosity, 
which interferes with heat transfer, is more diffi- 
cult to cool than fluid milk. To cool ice cream 
mix efficiently, cither the surface area of the 
cooler must be increased or the time allowed for 
cooling must be increased. Regeneration has 
only limited application in cooling ice cream mix, 
since the sugar and stabilizer must be dissolved 
in the mix prior to pasteurization. 

Data presented show that if an ice bank storage 
system is used, the hourly refrigeration load may 
be reduced by as much as 90% as compared with 
the use of direct expansion. W. J. Caulfield 

901. Milk cooler. G. R. Duncan. U. S. Patent 
2,482,579. 6 claims. Sept. 20, 1949. Official 
Gaz. U. S. Pat. Office, 626, 3 : 826. 1949. 

This tank for cooling milk in cans is charac- 
terized by having a side door for easy insertion of 
the cans. A cooling coil below the can-support- 
ing frame provides chilled water which is circu- 
lated and sprayed over the cans in the tank. 

R. Whitaker 

902. Ice cream package filling mechanism. F. 
D. Palmer. U. S. Patent 2,482,593. 1 claim. 
Sept. 20, 1949. Official Gaz. U. S. Pat. Office, 
626,3 : 829. 1949 

A sleeve slides in and out of the end of the tube 
leading from a continuous freezer. When the 
sleeve is projected, the valve on the end of the 
sleeve is closed and it is open when retracted, thus 
alternately filling and discharging a given portion 
of ice cream as the sleeve is moved up and down. 

R. Whitaker 

903. Method of and apparatus for dehydratii^ 
liquid products. J. M. Hall. (Assignor to Dry- 
ing and Concentrating Co.) U. S. Patent 2,481,- 
418. 14 claims. Sept. 6, 1949. Official Gaz. 
U. S. Pat. Office, 626, 1 : 269. 1949. 

Milk is heated rapidly under pressure to tem- 
peratures sufficient to destroy instantly bacteria 
and enzymes and immediately sprayed into a blast 
of air at a lower pressure to reduce the moisture 
content of the milk. R. Whitaker 

904. Centrifogal separator with movably sup- 
ported supply can therefor. W. H. Harstick and 
O. E. Heintz. (Assignors to International Har- 
vester Co.) U. S. Patent 2,482,272. 6 claims. 
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Sept. 20, 1949. Official Gaz. U. S. Pat. Office, 
626, 3 : 745. 1949. 

The supply tank which feeds this separator may 
be raised and lowered by means of a foot pedal 
at the base of the machine. When lowered, the 
supply tank outlet is positioned correctly for 
feeing directly into the spinning bowl. 

R. Whitaker 

905. Centrifugal homogenizer. H. Beoghia. 
U. S. Patent 2,482,235. 2 claims. Sept. 20, 1949. 
Official Gaz. U. S. Pat. Office, 626, 3: 735. 1949. 

The fluid to be homogenized is introduced 
through a pipe into a rapidly rotating horizontal 
drum from which it is discharged rapidly by cen- 
trifugal force through small perforations in the 
outer wall of the drum, to impinge on serrations 
mounted close to the rotating drum. The homo- 
genized product drains into a bowl-like vessel 
below the spinning drum and is discharged 
through an outlet in bottom. R. Whitaker 

906. Dump can. V. Schwarzkopf. (Assignor 
to Lathrop Paulson Co.) U. S. Patent 2,480,778. 
3 claims. Aug. 30, 1949. Official Gaz. U. S. 
Pat. Office, 625, 5: 1415. 1949. 

The features of this easily cleaned dump tank 
for milk are a simple means of preventing splash- 
ing when cans of milk are rapidly emptied into 
it and the inclusion of a removable strainer tray. 

R. Whitaker 

907. Building heating. J. G. McCabe, McGraw- 
Hill, New York, N. Y. Operating Engineer, 2, 
9: 19-34. Sept., 1949. 

Topics covered in this review are, behavior 
of heat, calculation of heat loads, infiltration, 
distribution of heat, distribution systems, heating 
units and auxiliaries. There are 81 tables and 
illustrations. Some of the heat distributors illus- 
trated and discussed are radiators, wall radiators, 
convectors, baseboard heaters, panel heaters, blast 
coils, unit ventilators and. propellor-fan units. 
The discussion of auxiliaries concerns valves, fit- 
tings and traps. H. L. Mitten, Jr. 

A1.SO sec abs.“no. 891. 

DAIRY PLANT MANAGEMENT 
AND ECONOMICS 
L. C. THOMSEN, SECTION EDITOR 

968. Keej^ out of the hole widi cost control 
F. Mewsh. Milk Plant Monthly, 38, 9: 34-36. 
Sept., 1949. 


The 14 rules discussed for maintaining an ef- 
fective cost control in the dairy plant afe: (a) ac- 
curate accounting systems, (b) monUily profit and 
loss statements, (c) analysis of busixiess figures, 
(d) comparative analysis by percentages, (e) de- 
preciation in cost allotments, (f) overhead ex- 
pense, (g) promotional outlay increases, (h) 
equipment modernization, (i) provisions for per- 
sonal salary, (j) production cost knowledge, (k) 
departmentization of cost and sale figures, (1) in- 
surance costs, (m) delinquent accounts and (n) 
improved supervision. J. A. Meiser, Jr. 

909. Separate cabinets for 'Take Home” sales 
build volume at drug stores. V. M. Rabuffo. 

Ice Cream Trade J., 45, 9 : 28, 31, 65-69. Sept., 
1949. 

The installation of separate scrvc-yoursclf cabi- 
nets for dispensing pacluiged ice cream may save 
drug stores their “take home” ice cream market. 
ITiLs would simplify proper pricing, eliminate 
waiting on rushed fountain elerb and, with carry- 
home provisions and proper location in the store, 
would increase sales and retain ice cream custo- 
mers who rapidly are turning from drug stores 
to other retail outlets. W. H. Martin 

910. Bonus plan spurs sales. P. L, Anders. 
Milk Plant Monthly, 38, 9; 68”69. Sept., 1949. 

Using the previous month’s sales as the base 
period, increased sales' of 1 to 3 points netted the 
routeman $1.00 per point. Four to five points 
obtained $1.50 each, whereas 6 points returned 
$2.00 per point. Besides being used for milk 
sales, this plan was used also for increasing but- 
termilk and cheese sales. J. A. Maiscr, Jr. 

911. Collecting “Slow accounts”. L. Fanald. 
Milk Plant Monthly, 38, 9: 38-39. Sept., 1949. 

A drastic reduction in slow accounts was ac- 
complished by the issuing of “nudge cards” to 
routemen whose duty was to attempt a collec- 
tion each time they found a delinquent customer 
home. If, at the month’s end, payments had not 
been tpade, red stickers were pasted on the face 
of the bill demanding immediate payment and 
these in turn delivered by the routeman to the 
customer. J. A. Meiser, Jr. 

912. Wbftt it costs to serve dealers* customers of 
different sizes. P. P. Miller, General Ice Cream 
Corp., Schenectady, N. Y. Ice Cream Trade J., 
45, 10: 60. Oct., 1949. 
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The cost per gallon to serve customers of one 
of General Ice Cream Co.*s plants ranged from 
$0.2757 for customers of the 6001 to 7000 gal. 
group to $0.9035 for the 101 to 200 gal. group. 
These figures include delivery, selling and admin- 
istrative expenses. To make the same profit per 
gallon on laxge and small accounts, the price to 
the small account may have to be very high. 

W. H. Martin 

FEEDS AND FEEDING 

W. A. KING, SECTION EDITOR 

913. Voederproeven over de invloed van or- 
ganische zuren (vooral in verband met bet 
aaniuren van ondermelk ) . ( Feeding trials on the 
influence of organic acids, especially in relation 
to the acidifying of skimmilk.) (English sum- 
mary.) Th. J. deMan, Institute for Modern Cat- 
tlcfccding, “Dc Schothorst”, Hoogland near 
Amersfoort, Holland. Publication of the Nation- 
ale Cooperative Aan-en Verkoopvereniging voor 
de Landbouw (National Cooperative Buying and 
Selling Association for Agriculture.) “Centraal 
Bureau” G. A., Rotterdam, Holland. 31 pp. 
1949. 

Skimmilk, used in practice for fattening pigs 
and raising calves, often gave bad results caused 
by putrefying bacteria present in .skimmilk of 
inferior quality. This can be improved by using 
the ripened product. Experiments were per- 
formed in fattening pigs w'ith skimmilk acidified 
w ith lactic acid, acetic acid, formic acid and citric 
acid to a pH of about 5.7, and compared with 
culture-ripened product and sweet skimmilk. The 
artificially acidified skimmilk caused approxi- 
mately the .same rate of growth and food con- 
sumption as the culture-ripened product. Best 
results were obtained with the sw'cet skimmilk 
which was of good quality. With citric acid a 
somewhat retarded growth and a disturbance in 
the locomotion of the animals were observed. For 
practice, formic acid is most efficient, being cheap 
and having a low equivalent weight. 

A growing experiment with calves, comparing 
skimmilk acidified with formic acid and culture- 
ripened skimmilk showed the formic acid product 
as favorable as the other one. An experiment on 
the influence of addition of 0.1% of citric acid 
to the fattening mash of pigs resulted, at times, in 
disturbances in the locomotion and in other cases 
in cannibalism (biting of! each other’s tails). 
Possibly citric acid works in this way via distur- 
bance of the microfiora in the intestines, influ- 


encing the production of B vitamins. The ob- 
served abnormalities, curable with yeast, may 
be caused by shortage of riboflavin and panto- 
thenic acid, but this explanation needs further 
investigation. A. F. Tamsma 

• GENETICS AND BREEDING 

N. L. VAN DEMARK, SECTION EDITOR 

914. Inheritance of a Karakul-type curliness 
in the hair of Ayrshire cattle. F. E. Eldridoe, 
F. W. Atkkson and H. L. Ibsen, Kansas State 
College. J. Heredity, 40, 8 : 205-214. Aug., 
1949. 

The Karakul-type of curliness involving irregu- 
larity in the diameter of the hair rather than 
uniform flatness was found in an Ayrshire herd. 
The curliness is pronounced at birth, re.sembling 
a newborn Karakul lamb, and becomes less curly 
with age. The seasonal variation noted was con- 
cluded to be caused by the shorter hair in sum- 
mer when the curliness is less evident, as com- 
pared to winter when the curliness is character- 
istic. There is no sex difference in the expression 
of the responsible gcnc(s). The character was 
concluded to be due to a single autosomal domin- 
ant gene, K, and differs from the more common, 
variable .type of curliness found in individuals of 
most breeds, and from the type of curliness as- 
sociated with scmi-hairlcs.sness. L. O. Gilmore 

HERD MANAGEMENT 

II. A. HERMAN, SECTION EDITOR 

915. Field tests of insecticides and spraying 
methods to control horn flies in dairy herds. 
W. S. McGregor, U.S.D.A., Agr. Research Adm., 
Bureau of Entomology and Plant Quarantine. 
J. Econ. Entomol., 42, 4; 641-643. Aug., 1949. 

DDT, DDD, methoxychlor and toxaphene 
emulsions, each containing 0.5% of the toxicant, 
were compared for horn fly control in field tests 
on Jersey cattle in Texas. Spray application was 
made on cattle confined in stanchions. A nozzle 
pressure of about 200 Ib./in.* was used. Treat- 
ments began in June, when fly population aver- 
aged 25 or more per animal in every herd, and 
were repeated each time the population rebuilt 
to 25 per animal. Area of cattle treated and 
quantity of spray varied as follows: (a) 2 qt. on 
entire body, (b) 1 qt. on entire body, (c) 1 qt. 
on top line and (d) 1 qt. on underline. 

There w^as great variation in range of pro- 
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tection periods against flies as afforded by in- 
secticides. One qt. of any spray applied on the 
top line was as good as 1 or 2 qt* on the entire 
body. Underline treatment was less effective, 
except with toxaphene. £. H. Fisher 

916. The' DDT content of milk from a cow 
sprayed with DDT. R. H. Garter and H. D. 
Mann, y.S.D.A., Agr. Research Adm., Bureau 
of Entomology and Plant Quarantine. J. Econ. 
Entomol, 42, 4: 708. Aug., 1949. 

A high pressure sprayer was used to apply a 
wettable powder suspension at a concentration 
of 4 lb. of DDT/100 gal. of water. A Shorthorn 
herd was sprayed over the entire body to the point 
of super saturation. Milk samples were taken 
from 1 cow for DDT analysis. Milking was by 
hand, and no precautions to prevent contamina- 
tion of milk with DDT were taken. No check 
sample of milk was taken before spraying. Be- 
ginning 2 d. after spraying, and at 5 subsequent 
irregular intervals, milk samples showed a range 
of from 3.0 to 0.4 p.p.m. of DDT over a period 
of about 5 wk.; the average was 1.3 p.p.m. 

E. H. Fisher 

917. Cows heat house. N. Hoi.MQUisT, Swed- 
ish Government Research Institute for Farm 
Buildings, Lund, Sweden. Agr. Eng., 30, 9; 425. 
Sept., 1949. 

An average milking cow produces about 20,- 
000 cal./d., 25% of which is latent in respiratory 
moisture. All of the latent and 60% of the sen- 
sible heat is wasted by being carried away by 
ventilating currents without heating the bam. 
The remaining heat is sufficient for keeping the 
temperature high enough. 

The Swedish project attempts to use the waste 
heat from the bam for heating a 3-room house. 
A heat pump with its evaporator located in the 
barn’s outgoing ventilating duct is used. The 
lowest design temp, for which the system is cal- 
culated is 5^ F. The system with 10 to 15 milk- 
iag cows will heat the house with no insulation 
on the house or bam. When heating oil is $45 
per ton and electricity b 2^/kw.-hr., the cost of 
heating is $245 with oil and $190 with the heat 
pump. The system was tried in Sweden last 
winter and foiud to be practical. 

H. L. Mitten, Jr. 

916. Fdftahte odlker. A. I. Tupenxno. (As- 
i^;iior to DeLaval Separator Co.) U.S. Psetent 


2,482,602. 5 claims. Sept. 20, 1949. Official 
Gaz. U.S. Pat. Office, 626, 3 : 831. 1949. 

A milking machine, complete with vacuum 
pump, is mounted on a 2-wheeled cart. 

R. Whitaker 

ICE CREAM 

C. D. DAHLE, SECTION EDITOR 

919. Use of whey in sherbets. F. E. Potter and 
D. H. WiLUAMS, Agricultural Research Ad- 
ministration, USDA. Ice Cream Trade J., 45, 
9: 54-^55, 86-88. Sept., 1949. 

Approximately 75% of the 12 billion pounds 
of cheese whey produced annually is used as 
animal feed or wasted. Ransdell and Webb de- 
veloped a sweetened condensed whey to over- 
come the high water content and perishable 
nature. 

A good quality sherbet was made by using 
whey solids instead of milk solids. These sher- 
bets contained 5% whey solids when made from 
plain condensed, sweetened condensed, or de- 
hydrated whey but after adding sugar, stabilizer, 
flavor and citric acid to the frcsli, separated whey, 
the whey solids content of the finished product 
was between 4 and 5%. 

The whey sherbets were frozen most success- 
fully in a continuous freezer. When a batch 
freezer was used excessive whipping occurred. 
Overrun in the batch freezer could be controlled 
by the addition of fat. A normal amount of 
citric acid was required for sherbet made from low 
acid whey, but no citric acid was needed with cot- 
tage cheese whey. The whey sherbets had a 
smooth body and texture, were more refreshing 
than other sherbets and had no whey flavor when 
made from a good quality whey. 

W. H. Martin 

920. Shrinkage. J. C. Lando and C. D. Dahle, 
Penn State College, State College. Ice Cream 
Trade J., 45, 10: 90, 114-115. Oct., 1949. 

Of 12 commercially shrunken samples of ice 
cream studied, all but 2 showed a formol titration 
in excess of the titration for the control mix of the 
same nitrogen content, indicating that the 
shrunken ice cream protein had undetgone some’ 
degree of change causing them to have a higher 
formol titration. A study was made of changes In 
the distribution of mix proteins when treated with 
the proteolytic enzyme, trypim. Mix treated 
with 2 g. of trypsm to 45 lb. of mix and held at 
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40° F. for 24, 48, 72 hr. showed little or no shrink- 
age in the resulting ice cream after 1 wk. in a 
cabinet at -15° F. Shrinkage did result when the 
mix was held for 96 hr., indicating that some 
change was occurring during the 72 to 96 hr. 
period which was of major importance in enzy- 
matic shrinkage. 

Other tests were made to determine any change 
in protein distribution when ice cream was sub- 
jected to severe dry ice exposure, and also the 
effect of the albumen-globulin fraction of milk 
protein in ice cream shrinkage. Additions of the 
unaltered whey proteins to icc cream mixes re- 
duced shrinkage considerably. W. H, Martin 

921. Control of ice cream texture with micro- 
scope. W. S. Arbuckle, Univ. of Md., College 
Park. Ice Cream Trade J., 45, 10: 86, 114. 
Oct., 1949. 

The microscopical examination of ice cream 
may reveal body and texture characteristics which 
arc not readily detected organoleptically. 
Smooth textured ice cream will have a large 
number of evenly distributed ice crystals and 
air cells. Coarse textured icc cream will have 
nu?ncrous large icc crystals along with fewer 
small crystals and less uniformity of crystals 
and air cells . 

Microscopic examination is made by preparing 
a thin section of ice cream, imbedding the section 
in immersion oil and examining at a magnifica- 
tion of 100 times. This work u.sually is done at 
hardening room temperature. W. H. Martin 

922. New frozen citrus purees and their uses. 
E. A. Heavens, Bureau of Agr. and Ind, Chem., 
U.S.D.A., Pasadena, Cal. Ice Cream Trade J., 
45, 10: 58, 96. Oct., 1949. 

Successful processing of citrus fruit purees has 
been accomplished and provides fruit bases which 
possess natural flavor, color and nutritive value. 
These purees can be kept in good condition for a 
year when stored at 0° F. Use 14 to 18 oz. of 
5 to 1 orange puree and 1.5 oz. of a 50% solu- 
tion of citric acid solution to 1 gal. of sherbet mix, 
stir thoroughly, freeze at 50 to 65% overrun and 
then place in containers and harden. For lemon 
sherbet only 10 to 14 oz, of puree and 0.5 oz. of 
50% citric acid arc needed. The citric acid so- 
lution should be added after freezing when the 
sherbet mix contains any milk products to pre- 
vent curdling. 

Milk sherbet mixes should contain 2.5% fat, 
2.5% milk solids and 25% sugar. W. H. Martin 


923. Gallonage analysis. Anonymous. Ice 
Cream Trade J., 45, 9: 42, 88-89. Sept., 1949. 

The International Association of Icc Cream 
Manufacturers has compiled an analysis of U. S. 
wholesale and retail ice cream production by 
manufacturers. The recently issued Icc Cream 
Sales Index for 1948 shows the number of whole- 
sale icc cream manufacturers in the U. S. to be 
3,766, producing 91.7% of all commercial icc 
cream. Of these 3,766, there arc 2,879 which 
sell icc cream by wholesale only, with the re- 
maining 887 retailing in their own stores, though 
they are primarily wholesalers. The 10,394 
manufacturers who made and sold at retail only 
accounted for only 8.3% of the national produc- 
tion. 

Of the industry’s 629,090,000 gal. produced, 
the 3,766 wholesale manufacturers were respon- 
sible for 577,026,000 gal. and the 10,394 retailers 
for 52,064,000 gal. This report is substantiated 
by figures from the U. S. Department of Agricul- 
ture based on 1946 operation and by the U. S. 
Census of Manufacturers' report for 1947. 

" W, H. Martin 

Also see abs. no. 900, 902, 909, 912. 

PHYSIOLOGY AND 
ENDOCRINOLOGY 

R. P. REECE, SECTION EDITOR 

924. The fate of radioactive copper adminis- 
tered to the bovine. C. L. Comar, G. K. Davis 
and Leon Singer, Fla. Agr. Expt. Station, 
Gaine.sville. J. Biol. Chem., 174, 3 : 905-914. 
July, 1948. 

Fifteen cattle were given an isotope of copper 
(Gu®*), orally in some cases and by jugular in- 
jection in others. I'he Cu retention was very low 
when fed but was highly retained when injected 
intravenously. In both cases, the Cu retained 
was widely distributed in the body tissues but 
more concentrated in the liver. A table showing 
the Cu distribution in the various body tissues is 
included. A. O. Gall 

925. The transfer of immunity to the new-hom 
calf from colostrum. E. L. Smith and August 
Holm, £. R. Squibb & Sons, New Brunswick, 
N. J. J. Biol. Chem., 175, 1: 349-357. Aug., 
1948. 

Electrophoretic studies show that y-globulin 
and T-globulin, both found in the serum of the 
mother, are not present in the serum of the new- 
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bom calf or the new-born lamb, demonstrating 
that there is no placental transfer of antibodies 
in these species. This is in direct contrast to 
what is found in hitmans, where the y-globulin 
in the serum of the new-born exceeds that of the 
mother. The calf acquires immunity through 
the igestion of colostrum. A. O Gall 

926. Passage of sdenium through the mammary 
glands of the white rat and the distribution ol 
selenium in the milk proteins after subcutaneous 
injection of sodium selenate. K. P. McConnell, 
Univ. of Rochester, Rochester, N. Y. J. Biol. 
Chem., 173, 2: 653-657. April, 1948. 

Radioactive selenium was injected subcutane- 
ously into lactating white rats and was shown to 
be present in the carcasses of the suckling pups 
within 24 hr., thus confirming previous reports 
of selenium being transmitted in the milk. To 
determine the milk fraction carrying the selenium, 
the stomach contents of 2 litters of rats were 
removed and the milk curd resuspended and 
fractionated, llie protein fraction carried 
selenium. • A. O. Call 

927. Effect of the blood glucose level on the 
secretion of the adrenal cortex. G. L. Steeples 
and H. Jensen, Medical Dep’t, Field Research 
Laboratory, Ft, Knox, Ky. Am. J. Physiol., 
157, 3: 418-421. June, 1949, 

Studies were made on 225-280 g. rats. Ad- 
renal glands were weighed, blood sugar measured 
and cholesterol content of the adrenal glands 
determined. Hyperglycemia, induced by glu- 
cose administrated orally in a 50% solution, 
inhibited hormone release from the adrenal cor- 
tex as measured by the cholesterol content of the 
adrenal cortex. With the same measurement, hy- 
poglycemia induced by insulin injections stimu- 
lated hormone release from the adrenal cortex. 

How the blood sugar level influences the se- 
cretion of adrenal cortical hormones is not defin- 
itely known, although a plausible explanation is 
that the blood sugar level affects the secretion of 


the pituitary adrenocorticotrophic hormone, 
which in turn regulates hormone secretion by the 
adrenal cortex. V. Hurst 

SANITATION AND CLEANSING 

K. G. WECKEL, SECTION EDITOR 

928. Quaternary ammonium compounds in 
dairy sanitation. C, C. Prouty, Dept, of Dairy 
Husbandry, State College of Washington, Pull- 
man. Milk Plant Monthly, 38, 9: 46-48. Sept., 
1949. 

A discussion of present knowledge of Quater- 
nary ammonium compounds is presented. The 
various phases covered are: (a) methods of de- 
termining germicidal efficiency, (b) physical re- 
action of bacteria in contact with quaternary 
compounds, (c) bacteriostatic action of the com- 
pounds, (d) the influence of pH, type of water 
and organic matter on the germicidal efficiency 
and (e) selective action on organisms. 

J. A. Mci.ser, Jr. 

929. Deposition of aerosol particles. A. II. 
Yeoaians, E. E. Rogers and W. H. Ball, U.S. 
D.A., Agr. Research Adm., Bureau of Entomology 
and Plant Quarentine. J. Econ. Entomol., 42, 
4: 591-596. Aug., 1949. 

Tests with DDT aerosols determined the pro- 
portional deposition of toxicant on horizontal and 
vertical surfaces. Comparisons were made on 
the basis of (a) toxicity to insects, (b) chemical 
analysis, (c) visual observation of dyed deposits 
and (d) no. and size of particles. 

Aerosol application in still air, simulating that 
in closed buildings, showed very little or no de- 
position on wails or other vertical surfaces. The 
particles settled almost solely upon the top of 
horizontal surfaces. Chemical analysis recovery 
of DDT from wall panels was less than 1% as 
great as from floor panels. Data on aerosol de- 
position ih moving air, 2 to 16 mi./hr. also were 
included. E. H. Fisher 
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Chocolate dairy drink, A176 
Cholesterol content, of milk, A21 
Chum, 

metallic, A182 
small vertical, A4 
W45, testing of, A87 

Churning, continuous and usual, butter struc- 
ture resulting from, A181 


Churns, treatment with quatemariee, A85 
Citric acid, in aeminal glanda, A173 
dtraa oils, concentrated, anal^ of, AT9 
Citrus purees, frosen, use in ice cream and 
sherbets, A187 

Cleaner-sanitiaers, advantages and limitations, 
A179 

Cleaning, of dairy equipment, A1.17 
Gleaning compounds, control of use, A16 
Cleaning methods, for dairy plants, A179 
cupping, for cleaner milk, A29 
Clostridium sporo^suss, nutritional require- 
ments of, A84 

Clostridium tifrobutprieum, in gawQr process 
cheese, ASS 

C. 0. Jensen, Selected papers, vol. 1, book re- 
view, A 158 
Coliform bacteria, 

in milk, lactose f uebsin-paper disk method 
for, A32 

in pasteurized milk and milk products, A2 
signifiaoanee in ice cream, A164 
Collections, weekly vs. every-other-week, A52 
Color inheritance, in Shorthorn cattle, A77 
Color selection, of paints for dairy plants, A4 
Colostrum, 
feeding of, A6 
immunity transfer by, A187 
mare’s composition of, A 109 
pseudo-globulin of, AllO 
Colostrum feeding, of calves, and blood serum 
protein electrophoretic studies, AllO 
Conception rates, seasonal, A 174 
Condensed milk and milk powder, 7th ed., 
book review, AllO 

Condensing, experimental, problmns in, A63 
Confection, frozen, A127 
Consumer solicitation, by routemen, A52 
Cooler, 

for cream, A167 
for milk in cans, A167 
mechanical, for milk, A183 
spray, for milk in cans, A39 
Coolers, for milk on farm, A39 
Cooling, ef milk, All 

CooUng water, sulfur dioxide treatment of, 
A168 

Copper, radloaetive, fate after .administration 
to bovine, AiS7 

Corn staroh, influence on roughage digestion, 
A158 

Oorsoeio]i, by Ka hypochlorites, A180 
Oorreehm resistaiiee of metal, A170 
Corpnebaeterium ppogemes, in bull eeipeii, A78 
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Goit allocEtion, in multiple product plantii 
A141 

Cost control, for dairy plants, A184 

GoupUnga, flexible, A95 

Cream, 

apparatus for separation and homogenisa- 
tion of, A35 
butyric acid in, A18 

defects of, causes and preventive measures, 
A27 

development of butyric acid in, A18 
fat content of, influence on butter proper- 
ties, A46 

for buttermaking, cooling of, A60 
for churning, quality of, A161 . 

4-day grading program for, A 105 
improvement program for, A105 
pr^ttction and delivery of, A82 
reseparation method for increasing viscosity 
of, A27 

sediment test standards for, A150 
water insoluble fatty acids in, A17 
Cream, 80%, deformation of fat globules in, 
A48 

Cream, frosen, 
block grinder for, A176 
storage of, A25 

Cream, high-fat, viscosity measurements on, 
A71 

Cream, homogenized, bicarbonate addition to, 
AlOO 

Cream, pasteurized, bacterial flora and keep- 
ing quality of, A82 
Cream, plastic, 
manufacture of, A 163 
production and uses, A19 
storage of, A25 

Cream, powdered, manufacture of, A63 
Cream, whipped, ready-to-use from cans, A 146 
Cream dispenser, A54 
Cream remover, for milk bottles, All 
Creameries, suggested improvements of, A 73 
Crossbred dairy calves, growth, A174 
Cysteine, prooxidant effect of aqueous fat sys- 
tem^, A167 

Daibv equipment, 

cleaning of, A117 
sanitary standardization of, AlOl 
Dairy farm, sanitation for, A15 
Dairy heifers, growth on roughages, A142 
Dairy industry, opportunities in, A5 
Dah^ plants, 
acid cleaners for, A179 


cleaning methods for, A179 
cost control for, A 184 
efficient operation of, A 74 
housekeeping for, A128 
multiple-product, A94 
operating costs in, A51 
planning, construction and maintenance of, 
A72 

production costs in, A172 
wastes and losses in, A172 
Dairy research, 

in agricultural experiment stations, A57 
under the Eeseareh and Marketing Act, A58 
Dairy sanitation, progress in, A16 
Dallis grass, seasonal composition of, A6 
DDT, 

as spray residues on foods, determination of, 
A150 

determination in milk, A3 
failure to control houseflies, A 155 
in aerosols, deposition of particles from, 
A188 

in milk of sprayed cows, A 186 
residual properties of, A155 
use on cattle, A97 

Dealer education, for ice cream sales, A52 
Dehorning, 
painless, A 78 
solution for, A 6 
Depreciation reserves, 
adequacy of, A124 
maintenance of, A53 
Detergents, 

characteristics of, A85 
for dairy plants, use and evaluation of, A40 
synthetic, new developments in, A128 
B}’nthetic non-ionic, hi combiiuition cleaner- 
sanitizers, A40 

Diabetes, pancreatic, in calves, A 149 
Diacetyl, 

determination in butter, A108 
determination in butter cultures, A2 
Digital abnormality, hereditary, in cattle, 
A154 

Diplococcin, characterization of, A20 
Direct microscopic count, 
comparison with plate counts, A2 
on pasteurized milk, A90 
preparation of smears for, A20 
staining of smears for, A163 
Dishes, sterilization of, A29 
Dishwashing, high-temperature, AlOl 
Dried milk products, keeping quality of, A62 
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Drier, 

eoutrifiigai spray, for milk, etc., Ald0 
for milk, etc., A137 
spray, for milk, A183 
Dry ice, for iec* cream refrigeration, A26 
Drying, ^ray, problems in, A63 
Dmnp can, for milk, A 184 
Dust, types of material in, A30 
Dwarf cattle, for the tropics, A154 
Dynamometer, for determining de{»tli of frees* 
ing in foods, A 124 

East coast -FEVEB, in Sonth African 

cattle, A31 

Egg composition, containing milk, A163 
Eggs, frozen, pathogens in, A92 
Electricity, cutting farm costs with, A7 
Electron bombardment, for milk sterilization, 
A51 

Elementary i jcperimfnta in dairy hacteriotoffy, 
book review, A129 
Emulsifiers, 

effect on physico'cheinical properties of iee 
cream, A8 

for ice cream, A 8, A79, A98, A127, A175 
Kmulsiotis, device f(»r making and breaking of, 
A35 

Enteritis bacteria, iii whey, A49 
Entrainment separator, for vacuum pans, A4 
Equipment, dairy, sanitary design of, AS**) 
Ergothioneinc. antithyroid activity of, A148 
Eaeherirhia and Aerohaclrr, 

growth on phenoMule media, A122 
separation with boric acid medium, A 122 
Estrogens, 

effect on rat lactation, A146 ' 

effect on rat mammaiy structure, A147 
Experimental immunochemistry^ book reviour, 
A159 

Extraneous matter, in Cheddar cheese, A106 

FaBM DAIRIE8, grade A, design standards 
for, A139 

Farm work simplfftcailon, book review, A103 
Fat, 

crystallized, determination in cream, A92, 
globular and free, in Fritz process butter, 
ASS 

Fat deterioration, determination of, A93 
Fat globules, in butter, measurement of, A104 
Fat losses, control of, A97 
Fat test, Babcock, for homogenized milk, A166 


Fat variatioiu, in milk, A82 
Fats, edible, bacterial examination method 
for, Alas 
Fatty acids, 

estimation by chromatography, A182 
production in butter by mkroorganisms, 
A165 

water-insoluble, in cream and butter, A17 
Feedwater, treatment of, A124 
Fermentation proeesses review, A21 
Filter, for milk, A4 

Fieldmen, role in producing sanitary milk, 
A117 

Flavor materials, for ice cream, A7 
Flow diversion valve, for control of HTST 
pasteurization, A 137 
Flue dust, control of, A168 
Folic acid activity, of milk, microbiological de- 
termination of, A136 

Food analysis, review of methods for, A72 
Food plant sanitation, book review, A43 
Food poisoning, A8d 
Food technology, symposium on, A41 
Forage crops, mmmgemeiit for higher yields, 
A24 

Frost little plate method, modified, for milk, 
A134 

Fuels and firing, of boilers, A96 


Gassy fermentation, in process 

cheese, A 88 

Genes, major, in evolution of economic char- 
acters, A 78 

Germicides, cationic, activity of, A34 

Gestation, length of, in N. Z. dairy cattle, 
A114 

Globular fat, in butter, dilution method for 
measurement of, A104 

Globulin, gamma electrophoretic-convection 
fractionation of, A 179 

Globulins, immune, in plasma of hyperimun- 
ized*eows, AllO 

Glucose, blood level of, effect on adrenal cor- 
tex secretion, A188 

Glycerides, fully-saturated, determination in 
N. Z. butter, A108 

Glycol benzoates, germicidal activity of, A34 

Glycols, germici^l activity of, A34 

Goitrogenic effect of aminothiazole, A178 

Goodwill, estimation of, A52 

Gnanidoaeetic add, transmethylation in beef 
liver autolysates, A149 
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UaLTEB, breaking lead type for cattle, A54 
Hays, eompoaition and digestible energy of, 
A173 
He^, 

effect on Jersey calves, A84 
effect upon Jerseys in milk, A84 
Heater, steam, for liquids, A4 
Heating, 

of buildings, A184 
relation to steam costs, A169 
Heating pumps, for tlie dairy industry, A138 
Heating rates, of foods in eoiitainers, A36 
Homogenization, of a portion of an ice cream 
mix, A26 
Homogenizer, 
centrifugal, A184 
new, A 72 

Horn dies, insecticides for control of, AIM.! 
House flies, 

failure of DDT to control, A 15/> 
toxicity of synthetic pyrethriiis to, A 155 
House heating, by cows, A186 
Housekeeping, in dairy plants, A 29 
Hynluronidasc, 
in bull spermatozoa, A 6 
in rat testes, A 14 

Hypocalcemia, bovine, Sulkowitch test for, 
A178 

Hy]>ochlorite aer 9 sola, critical humidity for 
bactericidal action of, A49 
Hypochlorite solutions, efficacy at different pH 
levels, A29 

H>^>ochlo^^te8, sodium, corrosion by, A 180 
ffi/poderma sp., occurrence in cattle, A 101 

If'E OBEAM, 
bulk container for, A79 
eoliform bacteria in, A 164 
combination offer of, A9 
consumer survey on merchandising of, A52 
container for, combined spoon and lid for, 
A27 

control of finished product, A9 
cost system in manufacture of, A170 
costs in manufacture and sale of, A 10 
creation of marbleized patterns in, A 175 
dealer education for sales of, A 52 
dealer pricing for profits, A 52 
dealer service costs for, A 184 
defects in, A115 
defects of, curing of, A176 
delivery to stores, A112 


drug-store mcrchuudising of, A 112 
emulsifiers for, A8, A79, A98, A127 
flavor and texture preferences, A174 
flavor preference tests for, A26 
flavoring materials for, A7 
gallonage analysis, A187 
gallonage for 1st half of 1948, A9 
gallonage for 1948, A54, A80 
gallonage for May, 1949, A146 
home market for, A 140 
improved cone for, A115 
in restaurants, A 171 
in supermarkets, A 99 
ill theaters, A 140 
increasing sales of, A112, A170 
liquid sugar use in, A 7 
manufacture of, quality requirements of, 
A80 

nutritive value of, A83 
package filler for, A 183 
package trends for, A 79 
packaged sundae, A 38 
packaging of, A 115, A 175 
physico-chemical properties of, effect of 
emulsiflcrs on, AK 
pint bowls for packaging of, A99 
production costs, of, A 76 
promoting dealer-consumer understanding, 
A9 

quality in manufacture of, A80 
refrigeration requirements for manufacture 
of, A.ll 

sales of, for Januni^', 1949, A99 
sanitation in jiroductioii and handling of, 
AS;-) 

scoop for, A38 

self-service and package merchandising of, 

An2 

self-service stores for, A 140 
selling cost calculator, A 26 
selling through %’endiiig machines, A 37 
shrinkage of, A98, A186 
stabilizers and einulsiflers for, A 173 
stabilizers for, A 79 
stimulating sales of, A9 
texture of, control with microscope, A 187 
use of laboratory for control of, A9 
wdiolcsnle prices of, A113 
wind tunnel for hardening of, A 25 
Ice cream, chocolate coated, A 7 
Ice cream, diced, A54 
Ice ereuiu. fried, A 25 
Ice cream cabinets, 
relation to sales and profits, A 80 
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self-ierTieey in drag itores, A164 
Btnndard dimention of, Ali5 
lee eream oelaire, A7d 
lee eream freeser, 
agitator for, A187 
seraper for, A122 

lee cream gallonage, shifts in, A145 
lee eream industry, unethical praetiees in, 
AUO 

lee eream mix, 
cooling of, A37 

homogenisation of a portion of, A25 
HTST pasteurisation of, A92 
superheating of, A25 
vacreator pasteurisation of, A98 
lee cream mix, ehoeolate, viscosity of, A99 
lee cream mix, concentrated, storage of, A25 
lee eream mix, frosen, storage of, A25 
lee cream package, A154 
Ice cream packer, A54 

lee eream plant, work simplification in, A 126 
lee eream snowballs,” A140 
Ice cream specialty, cake roll, A145 
Ice cream trucks, refrigeration for, AlfiS 
Ices, making of, A175 

Immunity, transfer to new-bont mH m coles* 
trum, A187 

Incentive plan, for milk sales, A53 
Infant food, powdered, from cows’ milk, A121 
Infertility, of Friesian bulls, inherited seminal 
character in, A144 
Insecticides, 

food adulteration with, A155 
for horn fiy control, A185 
organic, 

fumigating properties of, A155 
residual activity of, A155 « 

Insects, 

control in dairy plants, A 16, A57, A85 
Inspection, uniform, for milk supplies, A81 
Insulation, of cold rooms, A94 
Investment return, adequacy of, A76 
lodinated casein, long-time feeding of, A130 
Iodine number, of New Zealand butter, A70 
Ion exchange, application to mUk products, 
A68 

Iron, in milk, determination of, A182 

Jebseys, 

effect of heat on, A84 
N. Z. breed type and production reeords of, 
AlU 


Judging, of food, 
dependability of, A58 
triangular taste tests for, A58 

ICABAKUL-type hair curliness, of Ayrshire 
cattle, inheritance of, A186 
Kefir, biologieal value of proteins in, A56 
KJeldahl method, for milk proteins, A08 

JLABOB BB8PONSIBILITY, in future de- 
velopment of dairy industry, A74 
Labor saving, on farm, with electricity, A 7 
Laboratory, plant, for ice cream control, A9 
Laboratory control, of finished dairy products, 
A23 

Lactalbumin, treatment for resuspension of, 
A50 

Lactation, 

effect of steroids on, A13 
effect on blood ascorbic acid, A57 
regulation of, A28 

Lactation, of rats, on natural and purified 
diets, A116 

Lactation response, influence of soil fertiliza- 
tion on, A 113 
Lactic acid, 
from whey, A92 

polymers of, as synthetic resins and coat- 
ings, A22 

Lactic starters, for Cheddar cheese, influence 
of penicillin on, A134 

Lactic streptococci, influence of abnormal milk 
on activity of, A84 

Lactodensimeter readings, on whey, correction 
for, A133 
Lactose, 

ash determination in, A 166 
detmn. in milk products, A166 
fermentation by yeasts, mechanism of, A182 
methanol extraction of, from skim milk 
powder, A135 

Lactose, crude, preparation of, A16S 
Lactose, low-ash, manufacture of, A107 
Lecithin, crude soybean, effect on vitamin A 
absorption, A153 

Leptospira, bovine, comparison of N. J. and 
Palestine strains, A119 
Lifter, for milk cans, A167 
Linseed oil meal, digestibility of, A173 

Malted miles, mIm and pmAtt of, 

A146 
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Mammary developmonty role of adrenal cortex 
in, A14 

Mammary gland, 
adrenalectomy and the, A 13 
growth of, thiouracil effect on, A128 
infusion with streptomycin, A119 
sustained penicillin level in, A.*)? 

Mammary gland infections, sulfamethasiiic for 
treatmeJit of, A45 

Mange, in dairy cattle, control and trcutinc^nt 
of, A 152 

Manunle lactis^ hook review, A 158 
Manure, reinforcement witli Huperphosphate, 
A78 

Mastitis, 

ago and infection in, A 104 
detection, control and prevention of, A 44 
early features of, A17 
hemolytic group streptococci in, A 160 
optimal testing of milk for, A 87 
organisms of, antibactcricidal action on, 
A 130 

penicillin therapy for, A1 
procaine penicillin G for treatment of, A 151 
review on treatment of, A 152 
staphylococcic, atire<imycin treatment of, 
A151 

sulfamethazine and penicillin for treatment 
of, A151 

sulfa preparations for, A17 
treatment with penicillin ointment, A160 
Mastitis, in Kngland, infective agents for, A45 
Media, for microbial counts on milk, A 134 
Medium, universal, for bacteria, A91 
Methods of vitamin assay ^ book review, A 1 81 
Methylene blue test, 
for dried milk, A66 
for pasteurized milk, A49 
Metrorrhagia, in virgin heifers, A13 
Microbacteria, characteristics of, A65 
Micrococci, of milk, classification of, A65 
Microorganisms, taxonomy of, A134 
MUohwirtschaffUche Paientberiehfe, book re- 
view, A] 03 
Milk, 

acidity of, A66 

acidity of, improved indicator for, A 68 
acidity of, standardization of methods of de- 
termination of, A50 
antioxidant gas treatment of, A93 
as human food, A55 
bottle-filling measurements for, A176 
Bruoella abortus ring test for, A44 
buffer indices of, A66 


cholesterol content of, A21 
eoliform bacteria in, A32 
composite sampling of, A3 
composition of, 
changes in, A67 

ratio of fat to other constituents, A 67 
relationships betwcHJii constituents, A67 
consumer evaluation of, A 10 
consumption of, in future, A 22 
cooling of. All 
BUT in, A3 

delivery of, controlling ecmts of, A 125 
distribution of, 

costs and profits in N. Y., A 125 
possible economies in, A171 
farm coolers for, A 39 
fat-free vitamin^fortified. A81 
flavor of, effect of benzene hexachloride on, 
A27 

flavors in. A 80 

fortification with ritamius A and B. A28 
grading of, 
resazurin test for, A2 
resazurin test plus direct microscopic 
count for, A2 
home delivery of, A141 
home pasteurization of, A81 
hygiene of, A20 
inhuman diet, A 5.5 
increasing human consumption, A .55 
instability of, Ca ions in, A 109 
iron determination in, A182 
keeping quality of, visual conditions on 
farm and, A38 
mechanical cooler for, A 183 
media for microbial counts on, A134 
modification witli concentrated apple juice, 
A28 

modified Frost little plate for use on, A 134 
nutritive value of, A39; A116 
nutritive value of, animal evaluation for, 
A,56 

optical testing for mastitis in, A87 
oxidized flavor in, control with ascorbic acid, 
A22 

pasteurization and safety of, A 135 
pasteurization of, A 55 
pricing of, Boston formula for, A 23 
proteins in, Kjeldahl method modifications 
for, A 68 

psychrophilic bacteria in, A 34 
quality tests for, A175 
receiving of, A27 
resazurin test for^ A32 
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Milk— -oostiiMMNf 

sediment test standards for, A150 
qpray eooling in cans, A39 
spray drier for, A1S3 
strainer for, A106 

supplementation of, for pig diets, A154 
tank truek hauling of, from farm to plant, 
A146 

technical advances in handling of, A12 
thermodurie bacteria in, A33 
3-day delivery of, A99 
uniform inq^ection of, A81 
universal bottles for, AlO 
vacuum concentration of, A22 
variations in fat and total solids, A50 
variations in proteins, salts, etc., A51 
vending of, A28 

Milk, abnormal, and acid production by lactic 
streptococci, A34 

Milk, canned, new process for, A146 
Milk, chocolate, 
making of, A12 
milk fat in, A27 
Milk, concentrated, 
fortification of, A182, A183 
for use in ice cream, A63 
• Milk, concentrated fresh, consumer reaction to, 
A163 

Milk, concentrated frozen, A121 
Milk, dried, 

cost of manufacture, A 11 3 
dye-reduction tests for, A66 
factors in manufacture of, A120 
MUk, dried skim, addition to bread, A177 
Milk, evaporated, 
canning method for, A163 
stabilization of, A183 
turning machine for, A49 
'Milk, fat-free, 

as special dairy product, A 12 
selling of, A38 
Milk, fat variations in, 
dairy plant factors, A82 
farm factors, A82 

Milk, frozen condensed, storage of, A25 
M1&, homcigenized, 
fat test for, A106 
problems of, A12 
rough or spotty defect of, A27 
Milk, pasteurized, 
direct mieroscopic count for, A90 
dye reduction tests for, A49 
kiting quality of, A38 
significance of eoliform bacteria in, A2 


Milk, powdered, 
moisture removal from, A90 
use in cultured buttermilk, A107 
Milk, quick-frozen homogenised, A128 
Milk, reconstituted, Babcock fat test for, A71, 
A90 

Milk, spray-dried, bacterial growth after re* 
constituUon of, A66 

Milk, sweetened condensed, bacteriology of, 
A49 

MUk and miXk proceuing, book review, A43 
Milk bottle, 

cream separator for, A 176 
paper, A55; A116 
paper, cap for, A27 
Milk can inverter, A116 
Milk cans, 

comparison with tank trucks, All 
lifting hoist for, A153 
seasonal variations in sterility of, AlOl 
thermodurie bacteria in, A33 
thermodurie and thermophilic bacteria in, 
A49 

Milk code, U.S.P.H.8., recent amendments of, 
A38 

Milk consumption, future of, A 36 
Milk dealers, profits of, A75 
Milk delivery tube, for use in cans, A 27 
Milk fat, 

acetate as precursor for, A8.3 
factors infiueucing. composition of, A 70 
manufacture, packaging and use, A18 
M^k fever, 

blood minerals in, A 132 
observations on, A17 
Hilkhouse, heating of, A 139 
Milk ordinances, effectiveness of, AlO 
Milk pail, refrigerated, A127 
Milk pail cover, A53 
Milk plants, 

break-even ” point in operation of, A 141 
business charts for management of, A171 
cooperatively built, A5 
cost reduction in, A171 
efficient planning of, A 73 
helpful accessories for, A127 
layout of, A72 
municipally owned, AlO 
problems in operation, A52 
MUk powder, 

skim, changM in storage, A62 
spray-dried/ baeteriologi^ quality of, A62 
vacuum treatment of, A22 
whole, 
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for iee cream and milk plants, Alll 
for iee cream plants, A94, A123 
Befrigeration, freon, ice cream plant, A36 
Befrigeration requirements, for ice cream 
manufacture, A51 
Befrigerators, insulation of, A95 
B)»ieliert values, of New Zealand butter, A70 
BIbnal excretion, effect of Oa salts on, A178 
Bennet eoagulum, elastic properties of, A108 
Bennet paste, manufacture of, A182 
Bennet test, direct method of Van Dam, A106 
Besasurin test, 
for dried milk, A66 
for milk, A32 
for pasteurized milk, A49 
milk grading with, A2 
Bestaurant sanitation, A41 
Bestraining device, for cattle, A54 
Retail milk delivery, 3-day, A75 
Bodents, 

control in creameries, A85 
control in dairy plants, A57 
Boof construction, choice of, A94 
Roughage digestion, 

influence of com starch on, A153 
influence of protein level on, A142 
influence of soybean oil meal on, A142 
Roughages, for growing dairy heifers, A 142 
Boutemen, 

bonus plan for, A74, A 75 
milk, 

bill collections by, A172 
bonuses for increased sales by, A171 
collection incentives for, A113 
homogenized milk sales by, A171 
sales contest for, A171 
wages paid, A141 

Rumen fermentation, under normal and 
atonic conditions, A 53 


C^APETT, in industrial plants, A139 
Sales contest, for milk plants, A1S6 
Salesmen, 

milk, training of, A75 
traixiing of, A141 

Samples, composite, semi-monthly vs. monthly, 
A3 

Sanitary design, of dairy equipment, A36 
Sanitary standardization, of dairy equipment, 
AlOl 

Sanitation, for ice cream, A85 
Saponification values, of New Zealand butter, 
A70 


Scoop, for ice cream, A38 
Sediment, in cream, dust and fine debris in re- 
lation to, A30 

Sediment test standards, for milk and cream, 
A150 

Sediment tester, vacuum, for milk, AlOO 
Selenium, 

distribution in milk proteins, A188 
passage through rat mammary gland, A188 
Selling, pricing for profit, A74 
Semen, bull, 

amino acid composition of, All 4 
CorynehacteTium pyogenes in, A78 
hyaluronidase activity of, A6 
metabolic activity of, A 153 
methods of evaluation of, A53 
Seminal character, inherited by infeilile 
Priesian bulls, A144 

Seminal glands, fructose and glucose in, A173 
Separator, centrifugal, 
for cheese curd separation, A72 
self-washing, AB5 
with raisable supply tank, A183 
Separator bowl, theoretical discussion of ac- 
tion, A138 

Separator-homogenieer, for cream, A 85 
Serum proteins, bovine, electrophoretic frac- 
tionation of, A 150 
Shaft alignment, checking of, A170 
Sherbets, 
making of, A175 
whey use in, A 186 

Shorthorns, color inheritance in, A77 
Shrinkage, of ice cream, A98, A186 
Silage, from steamed potatoes, bacteriological 
changes in, A66 
Skim milk, 

acidification for feeding, A 185 
dried, egg substitute from, A109 
Skim milk powder, lactose and soluble pro- 
tein extraction from, A 135 
Slow accounts, collection of, A184 
Soil fertilization, influence on lactation re- 
sponse, Alls 

Sow’s colostnim and milk, composition of, 
A154 

Soybean oil, influence on bovine roughage di- 
gestion, A142 

Sperm, activity of, measurement, A97 
Spermatozoa, 

effect of dilution on motility and fertility, 
A144 

metabolic regulator for, A143 
motility of, A6 
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Spores, bacterial, 

increasing beat resistance by selection, A65 
resistance to heat and germicides, A65 
technic for temperature resistance of, A85 
Spray drier, for milk, A122 
Stabilizers, for ice cream, A79, A175 
Stains, for direct microscopic count of milk, 
A163 

Staphylococci, 

sensitivity to penicillin, A160 
of milk, classification of, A65 
Starters, 

penicillin action on, A107 
selection of lactic streptococci for, A6d 
Starters, cheese, bacteriophage in, A64 
Starters, lactic, for use in roquefort-type 
cheese, A132 

Steam costs, for dairy plants, A138 
Sterilizers, chemical, present status of, A15 
Steroids, effect on lactation, A13 
Strainer, for milk, AlOO 
Streptococci, 

hemolytic group 0, in bovine mastitis, A 160 
lactic, 

for starters, identity of, A64 
inhibitory strains of, A63 
of milk, classification of, A64 
Streptoeocous agalacttae, infections by, peni 
cillin for, A130 
Streptococcus orcmorw, 
degeneration in starters, A92 
inhibitory strains of, A63 
inhibitory substance produced by, A20 
morphological differences in, A134 
penicillin inhibition of, A164 
Streptococcus lactiSf * 

degeneration in starters, A92 
inhibitory strains of, A63 
inhibitory substance production by, A20 
penicillin inhibition of, A 164 
Streptococcus salivanus, critical humidity for 
destruction by hypochlorite aerosols, A49 
Streptomycin, effect of infusing mammary 
gland with, A119 
Strip cup. Alls 

Strychnine, residual, in tissues of drug-treated 
cattle, Alia 

Sugar: Its Production, Technology and Uses, 
book review, A 158 
Sugar, liquid, 
in food products, A37 
use in ice cream, A7 


Sulfamethazine, 

for treatment of mammary gland infections, 
A45 

in blood of calves, A57 
Sulfamethazine plus penicillin, for mastitis 
treatment, A151 

Sulfanilamide, for mastitis, A17 
Sulfur dioxide, for treatment of cooling 
water, A168 

Sulkowitch test, for bovine hypocalcemia, 
A178 

Superphosphate, for reinforcing farm manure, 
A78 

Sweetened condensed skim milk, dehydrated, 
manufacture, storage and use of, A19 


1 ANK TRUCKS, 

for hauling milk from farm to plant, A146 
for milk, All 

Taxes, kooping at a minimum, A23 
Teat, draining tube for, A6 
Teat cup, for milking machines, A97, A 145 
Testosterone propionate, effect on spermato- 
genesis, A174 

The better utilisation of milk, book review, 

A158 

The chemistry and fechnolotju of tnsymes, 
book review, A43 
Thcrmoduric bacteria, 
control of, A164 
in cheese making, A65 
in farm water supplies, A34 
in milk, A33 
in milk cans, A33, A49 
in raw milk, A164 
of dairy utensils, A33 
Thermometer, mounting well for, A153 
Thermophilic bacteria, in milk cans, A49 
Thiouracil, and mammary gland growth, A128 
Thyroid function, infiuenco of vitamin A de- 
ficiency on, A14 
Thyroid gland, of bovine fetus, 
growth of, A 148 
iodine compounds in, A148 
Thyroprotein, synthetic production of, A178 
Thyroxine, oral effectiveness of, A146, A148 
Tocopherol, deficiency of, among sheep, A154 
Tocopherols, 

determination in human milk, A10R 
effect on mammary and placental transfer 
of vitamin A, A143 

effect on milk and butterfat production, 
A114 
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, placental and manunarj transfer of, A114 
Tote box, for milk handling, AlOO 
Trap discharge lines, A139 
Treponema theileri, transmission from donkey 
to calf, A31 

Trichomonas foetus, treatment of bulls in- 
fected with, A44 
Trichomoniasis, 

bovine, mucous agglutination test for, A131 
bovine venereal, field studies on, A 44 
Trucks, for ice cream, moisture accumulation 
in, A26 

Truck bodies, undercoating of, A86 
Tuberculosis, human, bovine origin of, A160 

Ultrasonic energy, use in agricui 
turo, A123 

TJndercoating, of truck underbodies, A86 
Universal milk bottle plan, in Columbus, All 
Urea, 

as protein supplement, A 126, A141 
isotopically labelled, 
body nitrogen formation from, A 126 
synthesis of, A126 

U.S.P.H.S. milk code, amendments of, A38 
Utensils, dairy, thermodurie bacteria in, A 33 

V ACOENIC ACID, Bynthesw of, A3 
Vacreation, for pasteurization of ice cream 
mix, A98 ' 

Variium pans, entrainment separator for, A4 
Vaginal smear, of cow, variations in, A174 
Van Slyke method, for free amino groups in 
milk, A68 

Vending machines, for ic<* cream, A37 
Veterinarians, relation to community health, 
A152 

Vibrio foetus, infection of cattle with, A31 
Viscosity, of ice cream mix, A99 
Vitamin A, 

absorption of, effect of crude soybean leei 
thin on, A153 

effect on thyroid function, All 
effects of feeding on blood serum values, 
A113 

in Norwegian milk and butter, AlOO 
milk fortification with, A28 
of ewes and lambs, A149 


mammary and placental, transfer of, influ- 
ence of tocopherols on, A143 
‘Vitamin 0, of ewes and lambs, A149 
Vitamin D, 
assay in milk, A83 
milk fortification with, A28 

Wastes and losses, in dairy plants, 
A172 
Water, 

added, detection by serum tests, A135 
on the farm, thermodurie and thermophilic 
bacteria in, A34 

Water cooling tower, upkeep of, A167 
Water softeners, use and care of, A36 
Water supply, from tank, for milk cooling, 
A167 

Watering device, for livestock, A174 
Watering fountain, for stock, A154 
Wetting agents, use in dairy plants, A28 
Whey, 

alcoholic fermentation of, A21 
determination of quality, A 48 
fermented beverage from, A 48 
filtration for human use, A133 
history of milk sugar from, A48 
in sherbets, A186 
lactic acid from, A 92 
lactodensimeter corrections for, A 133 
paratyphoid and enteritis bacteria in, A49 
proteins of, from various animals, A109 
yeast yield from, A93 
dried, browning and staling prevention in, 
A121 

Whey food products, making of, A 120 
Whey-potato mixtures, dried, preparation of, 
A90 

Whey protein, denatiiration by heat, A69 
Wind tunnel, for hardening ice cream, A25 
Work simplification, in ice cream plants, A 125 
Wrapper, for frozen confections, A 7 

Yeast, 

from whey, A93 

lactose fermentation mechanism for, A182 
wood, as protein supplement for cattle, A24 
Yeasts, carbon assimilation tests in classifica- 
tion of, A66 
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